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coNCBiunno  the  coMP^ss^lfiiLrriES  op  the  elements, 

AND  THEIR  RELATIONS  TO  OTHER  PROPERTIES. 

Bt  T.  W.  Rxcbakxmi. 
Received  May  8,  1915. 

In  an  extended  paper  published  eight  years  ago,  a  number  of  experi- 
ments were  described,  having  for  their  aim  the  determination  of  the 
compressibilities  of  thirty-five  elements.^  The  object  was  to  determine 
espedally  the  periodicity  of  the  compressibilities  in  relation  to  the 
atomic  weight  and  to  other  properties  of  these  fundamental  substances. 
All  the  values  were  referred  to  that  of  mercury,  although  it  was  explicitly 
recognized  at  that  time  that  the  value  for  mercury  was  somewhat  in  doubt.* 
This  was  done,  because  such  an  error,  if  present,  must  affect  each  value 
equally: — ^the  doubt  could  not  invalidate  the  main  point  of  the  work; 
therefore,  instead  of  spending  much  time,  labor  and  money  upon  the 
determination  of  the  absolute  compressibility  of  mercury,  the  experi- 
menters studied  the  various  other  elements.  When  the  compressibility 
of  mercury  became  more  accurately  known,  the  results  could  all  be  easily 
corrected  to  the  better  standard  without  additional  experimental  work. 

^  RichardSp  Sttill,  Brink  and  Bonnet,  Pub.  Carnegie  Inst.  Wash.,  No.  76  (1907). 

*  Ibid.,  on  page  64  the  following  statement  was  made:  "In  comparing  these 
results  it  must  be  borne  in  mind  that  all  depend  upon  the  still  somewhat  uncertain 
compressibility  of  mercury *' 
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This  time  now  seems  to  have  come.  The  recent  work  of  Bridgman 
at  high  pressures  and  that  of  the  author  in  conjunction  with  E.  P.  Bart- 
lett,^  and  yet  more  recently  with  J.  H.  Hodges,*  at  lower  pressures  have 
put  this  quantity  in  the  list  of  those  very  accurately  determined;  ac- 
cordingly, it  is  appropriate  that  the  older  results  should  be  corrected  to 
the  true  standard. 

Moreover,  a  better  standard  of  pressure  is  now  available.  The  two 
Bourdon  pressure  gages  used  in  1903-1907  were  not  perfect,  and  could  be 
relied  upon  only  for  relative  results,  as  was  fully  recognized  at  the  time.' 
Fortunately,  since  this  earlier  work  was  finished,  two  new  independent 
and  entirely  satisfactory  absolute  pressure  gages  have  been  at  otu*  dis- 
posal, and  the  old  Bourdon  gages  have  been  compared  with  them,  so  that 
in  this  respect  also  the  older  results  may  be  corrected  and  put  upon  a 
more  permanent  footing. 

A  study  of  the  relation  between  each  of  the  old  gages  and  Bridgman's 
absolute  standard  is  given  in  a  diagram  in  an  earlier  paper.  ^  The  Bridg- 
man gage,  when  connected  with  our  extremely  acciu'ate  gage,  gives  es- 
sentially identical  results,^  so  that  one  may  feel  confident  of  the  joint  in- 
dication. Prom  the  mean  of  several  comparisons  of  the  old  Bourdon 
gages  with  the  new  absolute  standard,  the  following  table  of  corrections 
to  be  applied  to  the  average  between  the  two  old  gages  has  been  com- 
piled: 

CORRSCnONS  TO  AVSRAOB  09  BOURDON  GaG9. 


Reading. 

Cor. 

Reading. 

Cor. 

Reading. 

Cor. 

50 

4-0.5 

250 

+  1.0 

450 

+2.0 

100 

0.0 

300 

0.5 

500 

4-2.0 

150 

+  1.0 

350 

+2.0 

550 

0.0 

200 

4-1.0 

400 

4-2. 0 

■ « « 

... 

This  table,  which  agrees  essentially  with  the  diagram  already  men- 
tioned, is  made  out,  for  convenience,  upon  the  assumption  that  the  loo- 
atmosphere  point  was  without  error,  as  this  was  always  the  starting  point. 
No  effort  was  made  to  record  the  values  more  nearly  than  to  within 
0.5  atmosphere,  because  the  early  work  was  not  carried  beyond  this  de- 
gree of  refinement.  These  values,  then,  are  the  corrections  to  be  applied 
to  the  recorded  pressiu-es  of  1907  in  order  to  bring  them  to  the  true  stand- 
ard. Evidently  the  error  between  100  and  500  is  only  about  one-half 
of  one  per  cent,  of  the  interval,  so  that  the  figures  are  but  little  altered  by 
the  correction.  Accordingly,  the  new  values  for  the  compressibilities 
differ  from  the  old  ones  (given  in  the  early  publication)  in  most  cases 

1  Richards  and  Bartlett,  Tras  Journal,  37,  470  (1915). 

•  As  yet  unpublished. 

»  Pub.  Carnegie  Inst.  Wash.,  No.  76,  14  (1907). 
<  This  Journal,  34,  793  (1912). 

*  Richards  and  Shipley;  investigation  as  yet  unpublished. 
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only  by  the  addition  to  each  compressibility  of  the  quantity  o. 000000 1< 
the  error  of  the  formerly  assumed  value  of  the  compressibility  (o .  00000379) 
of  the  standard  substance,  mercury  (now  taken  as  0.00000395).^  In  the 
cases  of  iron,  copper,  lead  and  molybdenum,  the  new  values,  determined 
more  accurately  with  the  help  of  E.  P-  Bartlett,'  have  been  substituted 
for  the  old  ones,  which  after  correction  were  not  very  different,  but  which 
were  doubtless  less  trustworthy.  The  new  results  of  the  same  investiga- 
tion giving  data  for  ttmgsten  and  tantalum  have  also  been  included  in 
the  table,  and  so  has  a  preliminary  value  determined  here  with  the  help 
of  J.  H.  Hodges  for  boron,  this  substance  having  been  kindly  furnished 
in  a  very  pure  state  by  Dr.  Weintraub  of  the  works  of  the  General  Elec- 
tric Company,  at  Lynn,  Mass.  This  last  resecu-ch  has  not  yet  been 
published. 

The  table  below  contains  the  recalculated  record  of  the  compressi- 
bility of  38  elements,  of  which  35  are  solid  under  the  conditions  of  measure- 
ment and  3  liquid.    These  values  are  all  expressed  as  -     ^^j^^^  that  is, 

in  terms  of  the  average  fractional  change  of  volume  caused  by  i  megabar's 
pressure  between  100  and  500  megabars,  referred  to  the  volume  of  the  un- 
compressed substance.  The  values,  as  has  been  said,  are  all  determined 
at  20®  by  reference  to  mercury,  the  compressibility  of  which  is  recorded 
below.  If  this  last  named  value  should  be  found  to  demand  a  slight 
further  correction  at  some  future  date,  the  same  actual  correction  win 
apply  additively  to  each  ^guxe  given. 

The  megabar  (or  megabarie)  is  chosen  as  the  measure  of  pressure, 
because  this  logical  absolute  unit,  having  received  international  recom- 
mendation, bids  fair  to  become  the  scientific  standard  of  the  future. 
Being  the  pressure  of  one  megad3me  per  square  centimeter,  it  is  almost 
2%  greater  than  the  Idlogram  per  square  centimeter,  and  1.3%  less  than 
the  "atmosphere."  In  many  of  the  present  cases  the  difference  between 
these  standards  does  not  exceed  greatly  the  experimental  limit  of  error. 
The  values  may  be  easily  transposed  into  terms  of  the  atmosphere  by 
adding  in  each  case  1.3%. 

In  addition  to  the  compressibilities  of  these  several  elements,  the  table 
records  also  in  subsequent  columns  the  atomic  volumes,  densities,  melting 
points  recorded  in  absolute  temperature,  coefficients  of  expansion  and, 
finally,    international   atomic  weights,   since   the   compressibilities   will 

*  Credit  should  be  given  to  Grilneisen  for  pointing  out  that  an  error  of  about 
0.0000002  probably  existed  in  the  earlier  published  restilts,  although  he  was  not  able 
to  guess  the  cause  of  the  error.  The  reason  for  taking  mercury  as  0.00000395  instead 
of  0.00000396  as  found  by  Richards  and  Bartlett  will  be  explained  in  a  coming  paper 
by  one  of  us  in  conjunction  with  J.  H.  Hodges.  (See  Grfineisen,  Ann.  der  Physik.,  [4] 
35, 849  (1908);  also  footnote,  Urid.,  [4]  a6,  397  (i^).) 

*  Loc.  cU. 
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COBfPRASSIBIUTZBa,    AtOMIC   VOLVMBS,    DSNaiTl88»  MSLTINO  POZNTS^    Co9i^FlCI9MT» 

of  expanazon  and  atomic  wsights  of  a  majority  of  tbb  commonly 
Solid  and  Liquid  Elsmknts  at  so"*  C.  bbtwqbn  100  and 

500   MSGABARS    (if   the   CoMPRBSSIBILITY  OF 
MSRCtTRY  —  0.00000395). 

Avenge  Meltiof  Cubic       lateraattonai 

compreaaibiUty  point  coeflScieat  atomic 

at  20^  (see  Atomic       Denaitj  (absolute  of  expansltni  weight 

above)  X  10«.  volume.       at  20<>.  temp.).  X  160,000.  (1914). 

Lithium 9.0  13.  i        0.534  453  19.  6.94 

Boron 0.3                  4.7        2.34  2800^  ...  11. o 

Carbon,  diamond .. .     Very  small       3.4        3.51  Vcryhirfi        0.3  12.00 

Carbon  graphite. ...       3.0                 5.4        a. 26  Very  hic^         7.9  12.00 

^Sodium 15*6  23.7        0.971  371  22.0  33.00 

Aiagnesium 2.9  13.3         1.74  927  7.8  24.32 

Aliiminiiim 1.47  10.  i        2.60  930  7.2  27.1 

^Silicon 0.32  II. 4        2.42  1733  2.3  28.3 

Phosphorus,  red ... .       9.2  14.4        2.15  863*  ?  31.04 

Phosphorus,  white..     20.5  16.6        1.82  317  36.0  31.04 

Sulfur 12.9  15.5        2.07  384  18.0  32.07 

Chlorine [95l(0  25.0*      1.42*  171  ....  35,46 

Potassium 31 -7  45*5        0.862  335  25.0  39.10 

^Calcium 5.7  25.3         1.53  1073  40.07 

Chromium 0.9                  7.7        7.06  1823  52.0 

Manganese 0.84                7.7        f  .37  '533  54.93 

Iron 0.60               7.1        7.85  1790  3.6  55.84 

:Nickel 0.43                6.7        8.7  1725  4.2  58.68 

Copper 0.75                7.1        8.92  1356  5.0  63.57 

Zinc 1.7                  9.5        7.13  692  8.7(?)  65.37 

Arsenic 4-5  '3.3         7.53  1073  1.6  74.96 

Selenium 12.0  18.5        4.28  490  13.0  79.2 

Bromine 52.  25.1         3.12  266  ....  79.92 

Rubidium 40.  56.0        1.53  312  [3ol(?)  85.45 

Molybdentun 0.46  11.  i       10.23  2773  i.i  96.0 

Palladitun 0.54                9.3       12.13  1822  3.8  106.7 

Silver i.oi  10.3       10.5  1234  5.7  107.88 

Cadmium 2.1  13.0        8.60  594  7.4  112.40 

"Tin 1.9  J6.2        7.29  505  6.7  119. o 

Antimony 2.4  17.9        6.71  903  3.3  120.2 

Iodine 13.0  25.7        4.94  386  25.0  126.92 

Cesium 61.  71.0         1.87  301  b3l(?)  132.81 

tantalum 0.53  10.9       16.67  3123  2.3  181.5 

Tungsten 0.27  96       19.23  330o(?)  i.i  184.0 

Platinum 0.38  9.1      21.31  2020  ,  2.7  195.2 

<Oold 0.64  10.2       19.24    '  1336  4.3  197.2 

JMercury 395  H-S       13. 55  234  x8.  200.6 

Thallium 2.3  17.2       11.83  574  9-0  204.0 

Lead 2.33  18.2       11.37  600  8.8  207.2 

Bismuth 30  21.2        9.80  543  4.0  208.0 

^  Personal  communication  from  Dr.  Weintraub. 
*  Smits  and  Bokhorst,  AmsL  Acad.,  17,  969  (1915)- 
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be  shown  to  have  relations  with  each  of  these  data.  The  values  for  melt- 
ing points  and  coefficient  of  expansion  were  most  of  them  taken  from  the 
Landolt-Bdmstein  Tables  (19 12).  Nearly  all  the  other  data  (includ- 
ing most  of  the  atomic  weights)  were  determined  at  Harvard.  The  num- 
bers given  in  braqikets  [  ]  were  not  determined  directly,  but  have  been 
approximately  calculated  on  the  basis  of  analogous  data.  The  coefficients 
of  expansion  of  solid  cesium  and  rubidium  are  estimated  roughly,  assum- 
ing that  the  difference  between  the  solid  and  liquid  form  is  about  the 
same  in  the  case  of  cesium  as  in  that  of  potassium,  and  that  the  value 
for  rubidium  is,  approximately,  half  way  between  that  of  potassium 
and  cesium.  These  estimates  are  sufficiently  exact  for  the  purpose  in 
hand.  Cubic  coefficients  of  expansion  are  taken  as  3a, — the  letter  a 
designating  linear  coefficients. 

It  is  interesting  and  satisfactory  that  such  of  these  results  for  com- 
pressibility as  concern  the  elements  studied  by  Griineisen  are  now  in 
reasonable  accord  with  the  results  obtained  by  him  with  the  help  of  the 
theory  of  elasticity,  as  already  pointed  out  in  the  joint  paper  with  E.  P. 
Bartlett.  The  comparison  with  the  scanty  work  of  others,  as  shown 
by  the  figures  on  the  48th  page  of  the  Landolt-Bomstein  Tables  (1912), 
also  shows  so  good  an  agreement  that  there  is  every  reason  to  believe 
the  figures  given  above  to  represent  closely  the  true  values  of  the  constants 
in  question.  Therefore,  they  are  worthy  of  fiulher  study,  especially  as 
regards  their  mutual  relations  and  their  relations  to  other  properties. 

On  comparing  the  results  concerning  compressibility  with  one  another, 
the  first  point  to  which  attention  may  be  called  is  the  fact  that  three  of 
the  elements  included  in  the  table  are  in  the  liquid  condition,  namely, 
chlorine,  bromine  and  mercury.  This  fact  prevents  the  compressibilities 
of  these  substances  from  being  strictly  comparable  with  those  of  the  others, 
because  the  available  evidence  seems  to  show  that  at  the  same  tempera- 
ture liquids  are  usually  much  more  compressible  than  the  solids  crys- 
tallized from  them.  At  the  time  of  publishing  the  early  work,  this  fact, 
although  suspected,  could  not  be  definitely  stated,  because  no  measiu-e- 
ments  had  ever  been  capable  of  proving  the  point;  but  since  that  time 
data  concerning  several  cases  have  been  obtained. 

The  first  published  and  perhaps  the  most  striking  of  these  is  the  com- 
parison of  the  compressibility  of  common  ice  and  water,  especially  be- 
cause ice,  having  the  greater  bulk,  might  be  supposed  to  show  a  greater 
compressibility  than  liquid  water,  if  such  a  contingency  were  ever  possi- 
ble. Nevertheless,  investigation  has  shown  that  the  compressibility 
of  ice  is  only  about  one-quarter  of  that  of  water  at  neighboring  tempera- 
tures.* Other  cases  are  those  of  0-  and  /?-cresol,  substances  which  like- 
wise can  be  conveniently  investigated  both  in  the  solid  and  the  super- 
*  Richards  and  Speyers,  This  Journal,  36,  491  (19 14). 
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cooled  liquid  condition  at  neighboring  temperatures.  These  determina- 
tions, not  previously  published,  were  carried  out  several  years  ago  in  Boyls- 
ton  Hall,  Cambridge,  with  the  help  of  J.  H.  Mathews.  Solid  o-cresol, 
having  the  density  1.0176  at  20**,  was  found  to  possess  the  average  com- 
pressibility between  300  and  500  megabars  of  23.8  X  io~*;  and  solid 
f-cresol,  having  the  density  i  .389  at  20°,  was  found  to  possess  the  aver- 
age compressibility  between  300  and  500  megabars  of  21.8  X  io~*,  not 
much  over  half  the  values  for  the  compressibilites  of  these  substances 
in  the  supercooled  liquid  state  over  the  same  range  (42.1  and  41.8).^ 
These  results  are  strikingly  confirmed  by  results  since  obtained  by  Bridg- 
man  with  the  help  of  an  indirect  thermod3mamic  method.^  He  found 
as  a  minimum  value  for  the  difference  between  the  compressibilities  of 
solid  and  liquid  orthocresol  under  i  atmosphere's  pressure  the  quantity 
0.00001 9 1  (reduced  to  the  megabar  standard),  almost  exactly  in  concord- 
ance with  the  difference  between  the  values  given  above,  considering  that 
our  determinations  were  made  at  a  higher  pressure.  The  more  recent 
work  of  Harry  Essex'  on  solid  and  liquid  benzene  points  in  the  same 
direction,  for  he  found  these  to  be  0.000077  ^^^  0.000025,  respectively. 
Bridgman's  indirect  method  confirms  these  observations  by  predicting 
a  difference  between  these  two  data  of  0.00005.  Thus  the  compressi- 
bility of  solid  benzene  is  only  about  one-third  of  that  of  the  liquid. 

Evidently,  then,  the  compressibility  of  solid  chlorine  is  not  likely  to 
be  over  50  X  lo""®,  and  might  be  as  low  as  25  X  io~*,  or  less  than  that  of 
potassium.  It  is,  moreover,  fairly  certain  that  the  compressibility  of 
solid  bromine  must  be  under  30  X  lo"**,  or  distinctly  less  than  that  of 
rubidium,  while  that  of  solid  mercury  is  doubtless  less  than  that  of  liquid 
mercury.*  Although,  therefore,  the  evidence  is  fairly  conclusive,  it  is 
perhaps  safest  to  omit  these  liquids  from  the  comparisons.  Let  us,  then, 
plot  the  compressibilities  of  the  usually  solid  elements  in  relation  to 
their  atomic  weights  in  a  curve  more  or  less  parallel  to  the  corresponding 
values  of  the  several  atomic  volumes,  in  the  manner  depicted  in  the  eariy 
paper  and  again  in  the  Faraday  lecture  of  191  !.•    In  the  diagram,  the  low- 

*  Richards,  Stull,  Mathews  and  Speyers,  Tms  Journal,  34,  989  (19x2). 

*  Bridgman,  Phys.  Rev.  (19 15). 

*  Harry  Essex,  Doctor's  Dissertation,  Gdttingen,  1914.  Z,  anorg.  Chem.,  88,  190 
(1914).     The  values  are  both  those  found  at  20°. 

*  Bridgman,  Proc.  Am.  Acad.,  47,  423  (191 1).  The  difference  between  the  com- 
pressibilities of  solid  and  liquid  mercury  seems  to  be  less  than  that  in  the  other  cases, 
perhaps  because  of  its  simple  molecular  structure. 

*  "The  Fundamental  Properties  of  the  Elements,"  Science,  34,  537  (191 1).  Ac- 
cording to  an  unpublished  suggestion  of  Professor  Bridgman,  these  properties  might 
equally  well  be  plotted  in  relation  to  the  atomic  numbers  instead  of  atomic  weights. 
The  curves  thus  plotted  are  perhaps  a  little  smoother  than  the  ones  given,  but  are 
essentially  similar.  The  idea  of  atomic  numbers  was  probably  first  suggested  by  J.  A. 
R.  Newlands  {Chem.  Neu^s,  10,  94  (1864)). 
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est  curve  of  all  represents  compressibilities  and  the  one  just  above  it, 
atomic  volumes.  To  these  have  been  added  a  curve  depicting  the  coef- 
ficients of  expansion  (Curve  II,  next  above  the  atomic  volume  curve) 
and  another  (Curve  I)  giving  the  reciprocals  of  the  melting  points  (ex- 
pressed in  terms  of  absolute  temperature^)  for  reasons  which  will  soon 
be  apparent.  To  avoid  complication  in  the  diagram,  only  the  denser 
forms  of  carbon  and  phosphorus  are  depicted  in  the  curves;  if  white  phos- 
phorus had  been  included,  it  would  have  made  a  marked  subsidiary  peak 
in  each  curve — all  of  the  properties  here  depicted  being  consistently 
represented  by  much  larger  values  in  the  case  of  white  phosphorus  than 
in  < that  of  red  phosphorus.  In  most  cases  no  attempt  is  made  to  indicate 
the  properties  of  other  intervening  elements  not  included  in  the  table 
above.  The  oiiiissions  are  indicated  in  each  case  of  brief  gaps  in  the 
curves,  which  may  easily  be  identified  by  the  atomic  weights. 

Let  us  now  examine  these  curves  in  more  detail.  Turning  first  to  the 
relation  between  the  two  lowest  lines,  representing  atomic  volumes  (Curve 
III)  and  compressibilities  (Curve  IV),  it  is  clear,  as  it  was  in  1907,  that, 
roughly  speaking,  solids  with  large  atomic  volumes  have  large  compressi- 
bilities. The  new  additions,  tantalum  and  tungsten  (each  of  which 
possesses  very  small  atomic  volume  considering  its  high  atomic  weight), 
are  seen,  consistently,  to  possess  also  very  small  compressibilities,  as  would 
be  expected.  The  relation  of  the  newly  determined  boron  to  each  of  the 
varieties  of  carbon  also  corresponds  to  this  rule;  its  compressibility  and 
atomic  volume  are  probably  both  greater  than  that  of  diamond,  but  both 
less  than  that  of  graphite. 

Not  only  these  two  curves  show  signs  of  relationship,  however.  The 
likeness  of  the  two  upper  curves  to  one  another  is  very  striking — this 
shows,  of  course,  that  in  general,  substances  with  low  melting  points 
have  large  coefficients  of  expansion— a  fact  in  general  long  known,  although 
the  striking  similarity  of  the  curves  is  less  familiar.  Moreover,  both  of 
these  upper  curves,  consistently  with  the  two  lower  curves,  likewise  show 
peaks  with  the  alkali  metals  and  valleys  with  the  heavier  metals,  although 
the  subordinate  convolutions  are  much  more  prominent  in  the  two  upper 
curves  than  in  the  lower  ones. 

A  glance  at  the  four  curves  at  once  suggests  that  there  must  be  a  funda- 
mental connection  between  all  these  properties;  and  their  close  parallel- 
ism tempts  one  to  seek  a  mathematical  relationship  between  them,  in 
spite  of  the  inevitable  complexity  of  the  situation  and  the  interdependence 
of  each  property  not  only  upon  each  other  of  these,  but  also  on  many 
others.     A  preliminary  attempt  has  been  made  to  find  such  a  relation- 

^  Attention  is  called  to  the  interesting  significance  of  absolute  melting  points  as 
pointed  out  by  Sudwik  {Z.  physik.  Chem.,  88,  632  (1914)). 
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ship,  and  although  the  outcome  is  not  especially  satisfactory,  it  is,  per- 
haps, worth  a  brief  recounting. 

In  the  first  place,  one  immediately  concludes  that  atomic  volume  is 
not  the  only  dimension  which  determines  compressibility;  since,  for  exam- 
ple, sodium  and  calcitmi,  which  have  nearly  the  same  atomic  volumes, 
have  widely  different  compressibilities.  Silver  and  gold  show  like  deviations. 
What  other  properties  are  concerned?  Qualitative  search  among  the 
data  quickly  leads  to  the  conclusion  that  density  is  not  quite  adequately 
represented  by  its  occturence  in  the  expression  of  atomic  volume.  In 
many  cases,  even  with  like  atomic  volumes,  the  denser  element  has  the 
lesser  compressibiUty.  Again,  those  substances  which  are  easily  melted 
or  volatilized  seem  to  have  a  larger  compressibility  than  would  be  war- 
ranted by  their  atomic  volumes  and  densities;  one  is  driven  to  infer  that 
the  compressibility  of  a  solid  is  much  increased  by  lowness  of  its  melting 
point 

To  make  the  matter  more  explicit,  a  few  specific  cases  may  be  cited. 
For  example  as  already  stated,  gold  and  silver  have  nearly  the  same 
atomic  volumes;  and  they  possess  also  nearly  equal  melting  points.  They 
have  different  densities,  however,  and  the  denser  is  the  less  compressible. 
This  seems  to  be  a  general  characteristic,  which  can  be  traced  in  many 
other  places  in  the  table. 

Again,  as  has  already  been  mentioned,  sodium  and  calcium  have  nearly 
the  same  atomic  volumes,  and  not  very  different  densities,  but  they  have 
?ery  different  melting  points.  Here  it  appears  that  the  substance  with 
the  higher  melting  point  (namely,  calcium)  has  a  much  lower  compressi- 
bility. A  similar  comparison  may  be  made  between  copper  and  iron, 
although  the  difference  is  here  not  so  marked.  Comparing  zinc  and 
poUadium,  we  find  that  greater  density  and  higher  melting  point  are  both 
associated  in  palladium  with  a  much  lower  compressibility  than  that  of 
zmc. 

On  the  other  hand,  sodium  and  potassium  have  nearly  the  same  den- 
sity and  melting  point,  but  their  atomic  volumes  are  very  different.  In 
this  case  and  in  many  other  cases  otherwise  similar,  the  compres^bili- 
ties  are  nearly  proportional  to  the  atomic  volumes  (that  is,  to  the  atomic 
weights  divided  by  the  densities). 

Bearing  these  facts  in  mind  and  noticing  also  that  substances  like 
cesium  and  phosphorus,  which  melt  very  near  the  temperature  of  experi- 
mentation, have  abnormally  large  compressibilities,  several  attempts 
were  made  to  formulate  definitely  the  relationship,  but,  as  was  expected, 
no  exact  equation  was  found.  The  various  attempts  may  all  be  repre- 
sented by  the  general  expression: 

fi  =  K/,(A)//,(D)/,t„,  (i) 

when  fi  =  compressibility,  A  =  atomic  weight,  T,„  =  absolute  melting 
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point,  K  an  empirical  constant,  and  /i,  h  ^^id  /s  various  functions  of  the 
quantities  in  question.  The  simplest  of  these  trial  equations  giving  rea- 
sonably good  results  took  the  following  form: 

/3  =  0.00021 (2) 

D^»  (T«  -  50-) 

A  few  of  the  best  agreeing  values,  thus  calculated  (arranged  according 
to  the  natural  groups  of  the  elements,  and  compared  with  the  actual  values) 
are  given  in  the  table  below: 

CoMFRBssiBn.mEs,  Calculated  and  Found. 
(Each  multiplied  by  one  million.) 

Calc.      Pound.  Calc.  Pound. 

Lit&ium 8.0      9.0  Magnesium 2.8  2.9 

Sodium 15.6     15.6  Zinc 1.9  1.7 

Potassium 34.0    31.7  Cadmium 2.9  2.1 

Rubiditun 40.0    40.0  Molybdenum 0.50  0.46 

Cesium 52.0    60.0  Tungsten 0.29  0.27 

Copper 0.66    0.75  Iron 0.52  0.60 

Silver 1.02     i.oi  Palladium 0.60  0.54 

Gold 0.79    0.64  Platinum 0.46  0.38 

This  is  a  moderately  good  showing,  and  although  some  of  the  other 
elements  are  more  divergent  (especially  silicon,  where  the  calculated 
value  is  nearly  four  times  as  great  as  the  observed  value)  nevertheless, 
all  of  the  figtures  are  of  the  right  order  of  magnitude.  Considering  that 
the  atomic  weights  range  from  7  to  208,  the  densities  from  0.53  to  21.3, 
the  melting  points  from  28^  to  4000^  or  over,  and  the  compressibilities 
from  0.27  to  60  (over  two  hundredfold  the  lowest),  this  degree  of  consis- 
tency is  perhaps  as  good  as  could  be  expected. 

It  is  perhaps  worthy  of  note  that  some  of  the  elements  giving  discrepant 
results  also  give  discrepant  results  with  regard  to  the  law  of  Dulong  and 
Petit — ^namely,  silicon,  phosphorus,  sidfur,  as  well  as  carbon,  for  which 
the  calculated  values  of  the  compressibiUties  are,  respectively:  1.2,  14, 
8.2  and  0.13.  There  is  perhaps  a  tendency  toward  a  specific  value 
for  the  ''constant"  K  with  each  group  of  elements;  for  instance,  to  take 
a  widely  divergent  group,  since  sulfur  and  selenium  give  (with  K  « 
0.00021  as  above)  theoretical  values  only  on  the  average  about  56% 
of  the  observed  values,  the  asstunption  K  =  0.00038  would  have  given 
satisfactory  values  for  these  nonmetals,  and  perhaps  also  for  tellurium. 
Bearing  this  in  mind,  one  may  perhaps  be  able  to  predict  the  values  of 
the  compressibiUties  even  in  a  group  behaving  abnormally  if  one  member 
of  the  group  is  known. 

To  return  to  a  more  normal  group,  it  is  clear  that  the  prediction  of  the 
approximate  compressibiUty  of  strontitun  and  barium,  for  example  (ele- 
ments not  yet  subjected  to  experimented  investigation  as  regards  this 
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property),  becomes  a  very  simple  matter.  On  substitutiog  in  the  trial 
equation  fomid  above  the  values  for  the  densities  and  melting  points 
of  these  elements  as  fotmd  by  Gtmtz,  the  compressibility  of  strontitmi 
is  calculated  to  be  over  0.000006  and  that  of  barium  0.000004.  Because 
the  value  for  calcium  calculated  in  the  same  way  is  not  very  far  from 
the  observed  fact  (0.000005  instead  of  0.000006)  one  has  a  right  to  infer 
that  these  {predicted  figures  also  are  not  very  far  from  the  truth.  An 
actual  case  of  verified  prediction  is  that  of  boron,  which  was  computed  from 
the  equation  to  be  0.29  X  io~^  and  was  afterwards  found  to  be  0.30  X 

lO"*. 

In  the  table  (p.  1652)  giving  the  calculated  values  for  several  groups  of 
elements,  and  also  among  other  groups,  it  is  noticeable  that  (except  in 
the  case  of  cesitun)  the  equation  gives  too  high  values  with  the  larger  atomic 
weights.  This  could  be  corrected,  of  coiu"se,  by  raising  the  quantity  A 
to  a  fractional  power.  The  equation  P  =  0.00067  A®-"/D*-"(T,„  —  50**) 
gives  much  better  results  for  copper,  silver,  gold,  iron,  platinum  and  all 
the  heavier  elements,  but  not  such  good  results  for  the  alkali  metals. 
Therefore,  it  seems  not  worth  while  thus  to  complicate  the  equation  for 
the  present,  until  more  is  known  about  the  quantitative  e£fect  of  each 
unknown  tendency  among  those  which  determine  the  magnitude  of  com- 
pressibility. 

A  somewhat  similar  equation  based  upon  coefficients  of  expansion,  in- 
stead of  the  reciprocals  of  the  absolute  melting  point,  could  obviously 
be  constructed,  since  the  general  shapes  of  the  two  etudes  are  so  similar; 
but  hardly  enough  values  are  known  for  coefficients  of  expansion  to  make 
this  profitable  at  the  present  time.  The  parallelism  may  be  supposed 
to  arise  because  each  of  these  properties  (namely,  the  tendency  to  melt 
and  the  tendency  to  expand  on  heating)  may  be  referred  to  the  same 
fundamental  cause,  each  being  increased  by  lack  of  cohesion. 

No  pretense  is  made  that  the  foregoing  equation  is  an  exact  statement 
of  all  the  many-sided  bearings  of  compressibility,  and  doubtless  a  better 
equation  could  be  devised,  if  one  assumed  more  complicated  functions; 
but  for  the  present  the  further  pursuit  of  the  quest  seemed  not  worth  the 
necessary  time.  It  is  at  least  of  interest  that  an  expression  has  been  found 
capable  of  giving  the  approximate  order  of  magnitude  of  the  compressi- 
bilities of  different  substances,  computed  from  the  atomic  weights,  densi- 
ties and  melting  points;  this  seems  to  show  that  the  basis  of  the  equation 
really  represents  some  of  the  more  important  tendencies  which  are  at  work. 
Attention  may  be  called  to  the  fact  that  the  general  nature  of  the  equa- 
tion is  somewhat  similar  to  that  of  the  equation  of  Dupr^,  which  gives, 
with  fair  approximation,  the  compressibility  of  numerous  carbon  com- 
pounds, namely  (at  constant  temperatiu-e),  /3  =  K  a/D',  the  chief  diflference 
being  that  the  effect  of  diminishing  cohesiveness  is  expressed  in  one  case 
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by  increase  of  i/ftiT„)  and  in  the  other  case  by  increase  of  a  (the  coef- 
ficient of  expansion)* — ^the  other  two  quantities  being  closely  parallel,  as 
has  been  shown.  The  equation  of  Dupr^,  however,  seems  to  put  somewhat 
too  much  emphasis  upon  density  to  be  applied  to  the  elements. 

The  comparison  of  the  new  empirical  equation  with  the  outcome  of 
recent  considerations  by  Griineisen  is  not  without  interest,  although  the 
latter  applies  only  to  "monatomic"  elements.  He  advanced  a  hypothesis 
assuming  that  a  monatomic  solid  substance  always  melts  when  its  volume 
is  increased  by  a  definite  fraction  6  above  that  which  it  occupies  at  the 
absolute  zero;'  that  is  to  say,  when 


'Oo 


4  =  0.08  approximately,  (3) 


in  which  v^  is  the  atomic  volume  at  the  melting  point  and  Vq  is  the  atomic 
volume  at  the  absolute  zero. 

From  this  equation,  which  he  supported  empirically,  he  evolved  the 
expression: 


JL  /^^ 

T«  v^y 


(n  +  2)/},i-.  (4) 


in  which  T^  is  the  absolute  melting  point,  n  a  constant  (approximately 
4),  fio  the  compressibility  of  the  element  the  absolute  zero  (not  very 
different  from  that  at  the  temperature  of  the  room),  and  q  the  ratio  of 
the  coefficient  of  expansion  at  the  melting  point  to  the  average  coeflS- 
cient  of  expansion,  as  follows: 


«  "    (tt)Tj   (&)o....T.  (5) 


Equation  4  is  in  a  form  into  which  it  is  possible  to  introduce  the  Clapey- 
ron-Clausius  equation  for  gram-atomic  latent  heat  of  melting  (Q). 
Making  this  substitution  and  designating  the  change  of  atomic  volume 
upon  melting  by  Y'n  —  V„„  Griineisen  obtained  the  expression: 

V    —  V 

Q  -  ,\  ;;  d  (6) 

(n  +  2)  fio 
In  this  form  Griineisen's  equation  does  not  seem,  at  first  sight,  to  be 
closely  related  with  the  new  empirical  equation  (2)  above;  but  by  substi- 
tuting for  the  latent  heat  of  melting  (Q)  a  quantity  found  empirically 
by  J.  W.  Richards  in  1897:' 

^  Perhaps  the  most  careful  recent  study  of  coefficient  of  expansion  is  that  of 
Or&neisen  {Ann,  Physik.,  [4]  33)  33  (19 ko)),  who  compares  many  of  the  values  with  the 
equation  of  Thiesen,  Verh.  deutsch.  physik.  Ges.,  10,  410  (1908).  See  also  Ann.  Physik., 
[4]  26,  393  (1908). 

*  Verh.  deulsch.  physik.  Ges.,  14,  330  (191 2).  Needless  to  say,  it  is  not  always 
easy  to  decide  whether  a  solid  element  is  monatomic  or  not. 

'  Richards,  Chemical  News,  75,  278  (1897}. 
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Q  »  2.iT^  or  plausibly  Q  «  i.o6RT^, 
and  tnmsposing  the  equation,  we  obtain  the  foUowiug: 

V'    V 

'^^       i.o6(n  +  2)RT«  ^  ^^^ 

Now,  taking  account  of  the  fact  that  n  is  nearly  a  constant,  and  that  q 
probably  never  varies  far  beyond  the  limits  i .  2  and  1.5,  we  may  com- 
bine all  these  quantities  with  R  in  IC  and  write  approximately: 

V    —  V 
<?o-K      %    ^^  (8) 

That  Equation  8  is  not  general  is  shown  by  the  fact  that  it  gives 
a  negative  (and  therefote  impossible)  compressibility  for  bismuth;  but 
bismuth  is  probably  not  monatomic,  and  therefore  would  not  come  within 
Grfineisen's  moderate  claim.  Nevertheless,  Equation  8  is  seen  to  point 
with  monatomic  elements  in  the  same  direction  as  the  new  empirical 
equation  (2)  above,  for  the  absolute  melting  point  finds  its  place  in  the 
denominator  in  (8)  as  well  as  in  (a),  and  the  numerator  in  (8)  contains 
the  difference  between  the  atomic  volumes  in  the  solid  and  liquid  condi* 
tkxL  This  would  naturally  be  greater,  as  a  rule,  the  greater  the  atomic 
vdmne,  which  occupies  the  numerator  in  Equation  2.  To  give  four  values 
selected  at  random,  the  vidues  for  V^^  —  V^  for  lead,  sodium,  potassiuih, 
and  cesium  are,  respectively,  0.6,  0.6,  1.2,  and  2.0,  while  the  atomic 
vdhmies  are  the  nearly  proportional  figures,  req>ectively,  18.2,  23.7,  45.5 
andyi.  Hardly  enough  values  for  V^m  —  VmaxekDownto  trace  the  possi* 
Ue  slight  additional  effect  of  var3ring  density;  but  the  general  similarity  of 
Equations  8  and  2  is  dear.  Of  the  two.  Equation  2  seems  to  be  the 
better,  not  only^  because  it  never  leads  to  an  absurdity  with  substances 
sdid  at  20^  C,  but  also  because  data  for  it  are  plentifully  at  hand. 

The  further  comparison  of  these  considerations  with  the  well-known 
recent  molecular  theory  of  solid  bodies  of  Einsteia,  Debye,  Grtineisen, 
and  others,  would  be  a  matter  of  interest,  but  will  be  deferred  to  another 
occasion.  It  will  be  remembered  that  this  theory  is  based  upon  certain 
assumptions  concerning  the  relation  of  energy  and  frequency  of  hypothet- 
ical internal  atomic  oscillations  to  specific  heat  and  other  thermod3aiamic 
properties.  For  a  brief  but  fairly  recent  interesting  review  of  this  work, 
the  reader  may  be  referred  to  Gruneisen's  recent  brochiwe.^ 

Attention  may  be  caUed  to  the  fact  that  the  tendencies  depicted  by 

Equation  2  are,  in  a  general  way,  those  which  would  be  expected  from 

the  prediction  of  the  theory  of  compressible  atoms.    An  atom  much 

distended  because  of  a  loose  internal  makeup  might  be  supposed  to  be 

^  GrOndsen's  "Molekulartheorie  der  Festen  Kdrper/'  1913.  Professor  E.  W. 
Waafabuni  has  kindly  suggested  in  a  priyate  communication  the  interest  of  such  a 
c<»npariscm  of  the  new  approidmate  empirical  equation  with  the  hypothetical  ones. 
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highly  compressible;  and  so  might  one  much  distended  because  not  greatly 
pressed  upon  by  outside  cohesive  pressure.  Both  of  thede  tendencies 
would  cause  small  density  and  accordingly  large  atomic  volume;  and  the 
second  of  these  tendencies  would  add  low  melting  point.  Therefore, 
the  general  form  of  the  equation  is  plausible. 

The  case  of  tungsten  is  especially  striking.  The  atomic  volume  is  small, 
considering  its  large  atomic  weight  (that  is  to  say,  its  density  is  great) 
and  its  melting  and  boiling  points  are  so  high  that  this  metal  is  now  chosen 
as  the  most  suitable  for  the  filaments  of  electric  lights.  AU  these  proper- 
ties would  seem  to  indicate  cohesiveness;  and  a  body  tmder  the  pressure 
of  such  extremely  high  cohesion  would  be  supposed  to  have  a  very  small 
compressibility,  which  as  a  matter  of  fact  it  has — ^the  value  being 
0.00000027,  the  smallest  of  any  element  thus  far  carefully  studied. 

In  conclusion,  the  contents  of  this  paper  may  be  summarized  by  stating 
that  the  compressibilities  of  all  the  38  elements  determined  at  Harvard 
have  been  reduced  to  the  new  standard  for  the  compressibility  of  mer- 
cury as  determined  at  the  Jefferson  Physical  Laboratory  and  the  Wol- 
cott  Gibbs  Memorial  Laboratory  of  Harvard  University.  The  new  Values 
for  the  compressibilities  are  now  in  accord  -with  the  less  extended  work 
of  Bridgman,  Griineisen,  and  others.  Attention  is  directed  to  probable 
relations  between  the  compressibilities  and  the  atomic  volumes,  densities, 
coefficients  of  expansion,  and  melting  and  boiling  points  of  many  of  these 
elementary  substances;  and  an  approximate  empirical  equation  is  pro- 
posed for  the  calculation  of  these  compressibilities. 

Caxbudos,  Maob. 
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THE  SURFACE  TENSIONS  OP  WATER,  METHYL,  ETHYL  AND 
ISOBUTYL  ALCOHOLS,  ETHYL  BUTYRATE,  BEN- 
ZENE AND  TOLUENE. 

By  Trbodors  W.  Ricbards  and  Lsslxs  B.  Coombs. 
Receiirod  May  5.  1915. 

This  investigation  is  a  part  of  a  series  of  investigations  having  for  their 
object  the  study  of  the  fundamental  properties  of  liquids.  It  is  hoped 
that  when  a  number  of  these  properties  have  been  determined  with  great 
accuracy,  the  essential  relations  between  them  may  be  discovered  with 
greater  certainty  than  is  possible  at  present. 

A  glance  at  the  published  data^  concerning  surface  tension  leads  one 

to  conclude  that  much  remains  to  be  done.     For  example,  the  values 

^See,  for  example,  "Landolt-B6rnstein  TabeUen,"  p.  113  (1912).  The  recent 
interesting  research  of  Morgan  upon  the  drop-method  has  developed  since  that  time 
(This  Journal,  30,  360  (1908),  and  many  other  references  given  in  Tms  Journal. 
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obtained  by  escperienced  men  for  water  at  20^  vary  all  the  way  from 
70.6  to  78,  according  to  different  methods.  Even  a  single  method,  that 
of  the  rise  in  capillary  tubes,  has  yielded  results  in  the  last  twenty-five 
years  varying  from  70.6  to  73.7,  and  no  satisfactory  evidence  is  forthcom- 
ing as  to  the  reasons  for  the  difference. 

To  us  it  seemed,  therefore,  worth  while,  not  only  to  study  the  surface 
tension  of  a  variety  of  new  liquids,  but  also  to  discover  the  reason  for  the 
divergences  between  different  methods,  and  to  obtain  results  of  absolute 
as  weD  as  of  relative  accuracy  for  liquids  already  studied.  The  present 
paper  is  a  preliminary  attempt,  which  seems  to  have  been  successful  in 
locating  several  of  the  heretofore  not  quite  adequately  heeded  sources 
of  error. 

The  method  chosen  was  that  of  meastuing  the  rise  of  Uquid  in  capillary 
tubes,  because  this  method  seems  to  be  one  of  the  most  direct  and  least 
likdy  to  lead  to  insoluble  mathematical  complications.  The  method  has 
been  used  by  many  experimenters  in  the  past.^  No  attempt  will  be  made 
to  give  a  complete  discussion  of  older  work,  partly  because  some  of  the 
papers  are  not  at  present  accessible,  except  in  the  form  of  abstracts;  and 
partly  because  it  is  difficult  to  do  justice  in  the  limited  space  available 
bere;  but  from  time  to  time  special  points  in  some  of  these  papers  will 
be  mentioned  in  comparison  with  our  own  procedtu-e. 

There  are,  of  cotu'se,  a  number  of  minutiae  which  may  affect  the  accuracy 
of  the  outcome*  Prominent  among  the  points  needing  detailed  consid- 
eration were  the  following:  First,  the  precise  determination  of  the  diam- 
eter of  the  tubes;  secondly,  the  method  of  determining  the  exact  position 
of  the  bottom  of  the  meniscus;  thirdly,  the  discovery  of  the  diameter 
necessary  in  order  to  attain  the  flat  surface  with  which  the  capillary 
rise  is  to  be  compared;  fourthly,  the  precise  determination  of  the  weight 
of  Uquid  contained  in  the  meniscus  at  the  top  of  the  capillary  tube;  and 
fifthly,  the  angle  of  contact  of  the  liquid  with  the  tube.  These  points 
are  discussed  in  order  below. 

The  Diameter  of  the  Capillary  Tubes. 

This  question  involved  nothing  not  already  well  known.  Each  capil- 
lary tube  was  sdected  as  follows:    An  apparently  suitable  piece  of  tubing 

35,  182 1  (19 13)).  The  work  of  Renard  and  Guye  should  also  be  noticed:  J,  chim, 
^s.,  5,  81  (1907),  and  that  of  Kistyakovsky,  Z.  EUctrochem.,  8,  376  (1902);  za,  513 
(1906). 

^  For  a  stimmary  of  Quincke's  very  irregular  results  and  a  bibliography  of  hit 
deven  papers,  the  reader  is  referred  to  "Landolt  and  Bdmstein's  Tabellen/'  pp.  103, 
116  (1905}.  The  method  has  also  been  used  by  Ramsay  and  Shields,  Z.  physik,  chem,, 
'*»433  (1893);  Weinstein,  "Landolt  and  Bdmstein's  Tabellen,"  p.  113  (1912),  quoted 
from  Metran.  BeUr.  No.  6  Norm.  Eich.-Komm.,  1889;  Domke,  Ibid.,  quoted  from  Abh. 
Euk.'Komm.,  Ill,  p.  3,  1902;  Grabowsky,  Dissertation,  K5nigsberg  (1904).  Renard 
and  Guye  {Loc.  cit.)  and  many  others. 
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was  .carefully  cleaned  with  conceatrated  sulfuric  add  and  dichromate, 
washed  with  distilled  water  and  carefully  dried.  A  thread  of  pure 
mercury  was  introduced  iQto  it  and  the  length  of  this  thread  was  ex* 
actjiy  measured  by  means  of  an  accurate  comparator  or  calibrating  instru- 
ment, the  magnification  of  the  microscope  of  which  was  so  high  that  12 .  50 
turns  of  the  micrometer  head  equaled  i  mm.  The  tube  was  placed  be- 
side a  rod  graduated  in  millimeters  (verified  by  the  Btureau  of  Standards) 
and  the  readings  were  transferred  by  swinging  the  axis  of  the  microscope. 
Next,  the  thread  was  moved,  again  and  again,  along  the  tube;  and  its 
length  was  each  time  remeasured.  In  a  tube  of  uniform  bore  the  various 
lengths  should,  of  course,  be  equal.  After  very  many  .pieces  of  tubing 
had  been  examined,  two  were  found  sufficienUy  uniform  for  the  purpose 
of  this  work;  the  extreme  values  for  the  measured  lengths  differed  by  less 
than  I  part  in  2000.  In  one  of  these  tubes  the  average  length  of  a  thread 
of  mercury  weighing  0.8650  g.  was  thus  found  to  be  20.47  mm**  and  sub- 
tracting from  this  length  the  correction  of  0.54  mm.  for  the  protrusion 
of  the  two  meniscuses,^  the  corrected  length  19.93  ii^^'  ^^  ^^  cylinder 
of  mercury  was  found,  and  hence  its  radius  according  to  equation: 
r  =*  V0.8650/13.546  T  19.93  -  1.0099  mm.  This  tube  was  used  in 
Apparatus  III. 

Another  tube,  which  was  only  about  one-fifth  the  diameter  of  this» 
served  in  Apparatus  IV.  In  it  0.3403  g.  of  mercury  occupied  213.31 
mm.  — 0.04  mm.  (correction  for  two  meniscuses)'  ^  213.27  mm.,  hence 
its  radius  was  0.1936  mm.  It  had  been  tested  throughout  its  length 
by  a  short  column  of  mercuiy  in  the  same  way  as  the  other  wider  tube. 
This  calibration  tested  not  only  equality  of  bore,  but  also  the  essential 
evenness  of  the  glass  walls — a  very  important  matter,  as  will  be  seen. 

At  about  the  center  of  each  capillary  tube  was  etched  a  fine  mark^ 
which  served  as  a  reference  mark,  so  that  it  was  possible  to  fill  the  appara- 
tus, if  need  be,  to  exactly  the  same  point  in  successive  settings.  The  tubes 
were  fused  to  other  parts  to  be  described  later. 

The  lighting  and  Observation  of  the  Meniscus. 

The  second  point  may  now  receive  consideration.  Our  tubes  contain* 
ing  the  liquid  to  be  studied  were  placed  in  a  square  thermostat  tank» 
with  windows  in  front  and  behind.  For  defining  and  measuring  the 
meniscus  we  used  a  development  of  the  method  long  used  for  reading 
both  burets  and  barometers.  A  movable  black  metal  screen  with  a 
sharp  horizontal  upper  edge  was  immersed  in  the  thermostat  tank,  just 

^  L.  W.  Winkler,  Z.  angew.  Chem.,  p.  719  (1903);  Z.  anal,  Chem,,  40,  403  (1901). 

'  The  smallest  diameter  measured  by  Winkler  was  i  mm.,  but  his  results  are  so 
consistent  that  they  may  safely  be  extrapolated  to  zero  diameter,  where  the  height  of 
the  meniscus  also  would  be  zero.  On  this  basis  the  correction  for  a  tube  0.2  mm.  in. 
diameter  is  found  to  be  0.02  mm.,  which  is  doubled  for  the  two  meniscuses  above. 
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bebind  the  tubes  to  be  observed.    This  screen  could  be  adjusted  at  any- 
bdgbt  at  the  will  of  the  operator  by  means  of  a  delicate  mechanism  con- 
sisting  of  a  fine  chain  passing  over  a  pulley  and  around  a  drum  held  by  a 
nriable  friction  dutch.     When  the 
scnen  had  been  raised  until  its  edge 
^ipeaied  to  be  exactly  tangent  to  the 
deepest    point   of   the   meniscus,   the 
area  of  the  meniscus  was  wholly  dark- 
ened and  its  lower  contour  became  en- 
tirely dear  and  sharp.     The  apparatus 
thus  adjusted  is  shown  in  the  photo- 
graph, Fig.  I.     There  is  every  reason 
to  believe  that  the  edge  thus  observed 
is  the  true  boundary  of  the  meniscus, 
and  in  all  the  work  to  be  described, 
the  above   relative  position   of   win- 
dow, screen,  apparatus  and   carefully 
leveled    cathetometer  -  telescope    was 
maintained. 
The  Necessary  Diameter  at  the 

Wide  Tube. 
Turning  now  to  the  third  point  men- 
tioned above,  one  soon  finds,  on  study-  Fig. 
ing  earlier  work,  that  not  all  of  the 
experimenters  have  agreed  as  to  the 
mdth  necessary.  Even  in  the  best 
laboratory  handbooks'  the  directions 
are  somewhat  vague.  Magie,*  working  by  another  method  under 
Helmholtz's  direction,  speaks  of  employing  a  tube  3  centimeters  in  diam- 
eter, but  others  have  usually  employed  a  smaller  tube.  The  best  of  the 
recent  work  in  this  respect  seems  to  have  been  that  of  Walden  and  Swinne.* 
Like  Magie,  they  used  a  tube  3  cm.  in  diameter,  but  they  admit  that  this 
was  probably  not  quite  large  enough,  and  calculated  a  possible  correction 
with  the  help  of  a  somewhat  doubtful  equation  of  Desains.  The  assump- 
tion seems  to  have  been  usually  made  that  a  tube  2  cm.  in  diameter  is 
wide  enough. 

On  the  other  hand,  it  had  become  clear  to  one  of  us  in  preliminary 
investigations  conducted  some  years  ago  with  the  help  of  the  late  Dr. 
C.  L.  Speyers  that  this  question  had  been  by  no  means  settled.     The 

'  See  for  example,  Ostwald-Luther.    On  page  237  the  statement  is  made  that  the 
tube  Aonld  l>e  "recht  veit"  (1913). 

'Masie,  Wied.  Ann.,  ag,  431  (1885), 

■  Z.  ^yitii.  Chem..  79,  loa  (1913). 


I. — Photograph  of  Apparatus  III 
thennostat  tank.     The  screen  be- 
hind the  tube  ii  raised  so  as  to  be 
exactly   langtnt   with   the   meniscus 
(about  half  actual  size). 
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familiar  fact  that  a  drop  of  insoluble  oil  (such  as  that  which  separates 
from  the  dilute  emulsion  of  *'SulphonaphthorO  on  water  in  a  bottle 
will  seek  exactly  the  center  unless  the  bottle  is  4  to  5  cm.  in  diameter 
seems  to  suggest  that  there  is  a  real  depression,  even  in  a  fairly  large  sur- 
face, when  it  is  surrounded  by  walls  wet  with  the  liquid.  For  an  accurate 
estimation  of  the  surface  tension,  the  larger  tube  should  obviously  con- 
tain a  perfectly  flat  surface;  but  we  cannot  find  that  the  diameter 
necessary  to  insure  this  condition  has  ever  been  adequately  investigated. 
The  matter,  although  apparently  simple,  is  not  after  aU  very  easily 
tested  because  of  the  usual  inequalities  in  the  glass  walls  of  wide  tubes. 
A  slightly  prismatic  vertical  section  of  wall  (that  is,  a  wall  thicker  at 
one  end  of  the  tube  than  at  the  other)  causes  considerable  shifting  of  the 
image.  Moreover,  it  is  necessary  that  both  tubes  to  be  compared  should 
be  in  a  perfectly  vertical  position,  for  otherwise  the  greater  refractive 
index  of  the  glass  causes  an  important  displacement.  If  one  of  the  tubes 
is  slightly  inclined  to  the  other,  or  if  one  of  them  is  slightly  thicker  at 
one  end,  the  effect  of  difference  of  level  might  appecu'  when  really  none 
existed.  The  two  tubes  must  be  kept  at  exactly  the  same  temperature* 
for  obvious  reasons. 

Our  first  arrangement  for  testing  the  flatness  of  liquid  surfaces  in  large 
tubes  consisted  in  a  three-fingered  or  double  U  tube,  having  its  three 
fingers,  respectively,  2.1,  2.54  and  3.8  cm,  in  diameter,  which  was  partly 
immersed  in  the  thermostat  tank  mentioned  above.  This  tank  consisted 
of  a  copper,  tin-lined  box,  25  X  25  X  30  cm.  It  was  provided,  as  before 
stated,  with  two  windows;  of  these,  that  at  the  back  of  the  tank  was  made 
of  common  glass;  but  the  other,  opposite  to  it,  at  the  front,  was  provided 
with  optically  ground  plane  glass,  in  order  that  no  distortion,  due  to  the 
irregularities  always  present  in  ordinary  glass,  might  cause  error  in  the 
readings.  Of  course  both  of  these  windows  were  placed  near  the  top 
of  the  tank. 

The  regulator  was  of  the  ordinary  toluene-mercury  type,  having  two 
fingers;  it  easily  kept  the  bath  constant  to  within  0.01°.  The  bath  was 
set  at  20.0^9  since  many  other  physical  properties  have  been  determined 
at  that  temperature.  There  were  also  the  customary  devices  for  heating 
(by  electricity),  cooling  by  a  slow  current  of  cool  water,  and  thoroughly 
stirring  the  water  in  the  thermostat. 

The  double  U-tube  (see  Pig.  2)  was  filled  two-thirds  full  of  distilled 
water  and  set  in  the  thermostat,  exactly  vertically,  by  means  of  a  plumb- 
line.  The  levels  of  the  water  within  the  tube  were,  of  course,  sufficiently 
below  the  water  level  of  the  thermostat  so  that  the  meniscuses  could  be 
readily  observed  through  the  telescope  of  the  cathetometer. 

Proceeding  with  the  comparison  of  the  three  meniscuses  in  the  U-tube, 
we  observed  immediately  that  the  smallest  tube  of  2.1   cm.  diameter 
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Pig.  2. — Diagrammatic  sectioQof  double 
U-tube  used  for  measuring  levels  in 
wide  tubes  (one-third  actual  size). 


not  only  did  not  have  a  plane  mirface  at  the  center  of  its  meniscus,  but 
also  that  it  produced  an  appreciable  rise  of  the  water  level  above  that 
of  the  largest  tube.  Therefore,  because  it  was  obviously  too  small,  no 
further  attention  was  paid  to  this  tube.  The  large  and  medium  tubes 
were  very  carefully  compared.  Not  only  were  measurements  taken 
with  one  side  of  the  apparatus  pre- 
sented to  the  telescope,  but  also  set- 
tings were  made  again  after  the  tubes 
had  been  rotated  in  the  horizontal 

« 

plane  through  I8o^  Thus  by  observ- 
ing the  meniscus  through  the  two  sides 
of  the  apparatus  it  was  hoped  to 
diminate,  or  at  least  detect,  any  errors 
due  to  irregularities  in  the  walls  of  the 
0ass  tubes.  Afterwards  more  water 
was  added  and  another  set  of  readings 
made,  the  observations,  of  course,  in 
this  last  case  being  made  through  a  still 
different  part  of  the  glass  walls.  Be- 
fore each  reading  was  taken,  the  ap- 
paratus was  inclined,  so  that  the  glass 
walls  were  well  wetted  above  the  meniscus,  then  clamped  exactly  ver- 
tically,' and  five  minutes  were  allowed  for  complete  drainage  of  the 
liquid  from  the  walls  of  the  tube,  before  readiiigs  were  taken.  Great 
care  was  taken  to  always  have  the  cathetometer-telescope  and  column 
properly  levelled. 

In  making  the  measurement  the  fixed  cross  hair  of  the  telescope  was 
set  on  the  largest  meniscus,  the  telescope  swung  through  a  small  arc, 
and  the  movable  hair  adjusted  to  the  next  smaller  meniscus.  Thus  the 
difference  in  level  of  the  meniscuses  was  recorded  in  terms  of  turns  of  the 
micrometer  screw  on  the  tdescope.  By  later  substituting  a  standard  rule 
for  the  apparatus,  the  tmmber  of  turns  of  the  micrmneter  head  corre- 
sponding to  I  mm.  of  the  standard  rule  was  determined. 

In  a  preliminary  series  of  not  very  concordant  determinations,  it  was 
thus  found  that  when  viewed  from  one  side,  the  largest  meniscus  appeared 
to  be  — o .  09  turn  of  the  micrometer  lower  than  the  middle  one,  and  when 
viewed  from  the  other  side  — o.  14;  average,  o.  11  turn.  Since  i  tinn  of 
the  micrometer  head  was  found  to  equal  0.67  mm.,  the  difference  in 
kvd  between  the  lowest  points  in  the  meniscuses  was  0.073  i>^^*  ^^ 
should  be  noted  that  there  was  a  difference  of  0.03  mm.  between  the 
observations  made  on  the  two  sides  of  the  tube.  This  was  doubtless  due 
to  hregularities  in  the  glass  walls  of  the  apparatus;  the  experimental 
error  of  setting  should  not  be  over  0.003  mm. 
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It  occurred  to  us  that  if  irregularity  in  the  opposite  walls  of  the  tubes 
could  cause  such  an  error  as  appeared  in  these  observations,  there  might 
be  an  error  in  both  caused  by  a  prismatic  irregularity  in  both  walls  of  one 
tube,  an  erriH*  which  would  not  be  eliminated  by  our  simple  precaution. 
A  way  to  detect  this  error  would  be,  of  course,  to  invert  the  apparatus 
and  ipake  new  settings;  but  this  could  not  be  done  with  the  s^^iaratus 

in  the  foregoing  form.  Hence  in  a  new  outfit  a  large 
U-tube  with  arms  of  unequal  diameter  was  sealed  at 
the  top,  and  provided  with  a  ground  stopper  for  filling 
(Apparatus  II,  Fig.  3).  With  such  an  apparatus  the 
tubes  could  be  rotated  not  only  through  180^  hcnizontally, 
but  also  through  180^  vertically.  Thus  any  wedge- 
shaped  places  in  the  walls  of  th^  tube  would  become  ap- 
parent; for  by  inverting  the  apparatus,  keeping  the  same 
side  always  towards  the  telescope,  identical  readings 
could  be  obtained  only  if  the  surfaces  of  the  tube  were 
parallel.  If  the  walls  were  wedge-shaped,  readings 
would  be  obtained  deviating  from  the  truth  in  opposite 
directions.  In  this  case  the  average  would  give  the  true 
value. 

In  this  modified  apparatus  the  large  tube  (I)  had  a 
diameter  of  38  mm.,  the  smaller  (II). of  25.4  mm.',  i.  e., 
they  were  of  exactly  the  same  diameters  as  the  latge  and 
medium  tubes  of  the  former  apparatus.  The  glass  was 
carefully  chosen. 

In  every  case  the  apparatus  was  set  in  a  vertical  posi- 
tion by  means  of  a  plumb-line  and  the  meniscuses  were 
carefully  arranged,  both  exactly  in  focus  of  the  telescope, 
which  belonged  to  a  first-rate,  carefully  leveled  cathetom- 
eter.  Two  complete  series  were  made,  the  apparatus 
being  entirely  dismounted  between  them.  Adequate  pre- 
Fig.  3.—   lagram-  cautions  as  regards  wetting  of  the  walls  of  the  tubes  and 

matic   section    of    .     .  .    ,        ,       >^-  .       ^         . 

reversible  U-tube  dramage  were  earned  out.  The  amount  of  water  was 
for  discovering  SO  chosen  that  the  water  level  came  at  exactly  the  same 
capillary  effect  in  point  on  the  large  tube,  no  matter  which  position  was 
wide  tubes  (one-  adc^ted.  The  results  .of  these  experiments  with  pure 
third  actual  size),  w^er  are  tabulated  in  Table  I.  Readings  were  taken  in 
four  positions:  Upright  front  (a),  upright  back  (6),  inverted  front  (c) 
and  inverted  back  {d).  The  level  in  the  larger  tube  was  always  set  at 
0.00  on  the  fixed  spider-line  of  the  cathetometer-telescope,  and  the 
readings  of  the  level  in  the  narrower  tube,  made  with  the  movable 
spider-line,  as  already  described,  are  recorded  below  in  the  table  in  frac- 
tions of  a  millimeter: 
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Tabls  I. 

Pint  series.  Second  series. 

Upright    (a) o.iio  0.116 

(b) 0.124  0.134 

Inverted  (r) o.iio  0.133 

(d) 0.096  0.098 

A  vjrage o.  no  o.  120 

I  rem  these  readings  it  would  appear  that  the  front  of  the  tubes  (Read- 
ings a  and  c)  possessed  more  nearly  parallel-face.d  walls  than  the  back 
(Readings  b  and  d).  Although  the  agreement  is  not  perfect,  it  seemed, 
nevertheless,  clear  that  the  average  of  all  the  readings  should  give  a  value 
very  near  to  the  truth,  and  that  the  level  of  water  in  the  tube  of  25 . 4 
mm.  diameter  was  really  o.ii  mm.  higher  than  that  in  the  tube  of  38 
mm.  diameter. 

The  question  then  arose  as  to  whether  or  not  the  tube  of  38  mm.  in  diam- 
eter was  large  enough  to  obtain  a  perfectly  flat  surface.  Of  course, 
similar  experiments  could  have  been  instituted  with  another  reversible 
U-tube  having  one  arm  yet  wider,  but  it  proved  to  be  difBcidt  to  obtain 
a  sufficiently  even  tube  of  larger  diameter.  Moreover,  qualitative  ob- 
servation seemed  to  show  that  4  cm.  is  large  enough.  This  observation 
was  made  in  two  ways:  in  the  first  place,  the  study  of  the  meniscus  in  the 
experiment  just  recorded  showed  unquestionably  that  no  part  of  the  stu*- 

• 

face  in  the  narrower  tube  (diameter,  25.4  mm.)  was  perfectly  level. 
The  curve  was  continuous  from  side  to  side.  On  the  other  hand,  in  the 
38  mm.  tube  a  portion  in  the  middle,  apparently  about  5  mm.  in  length, 
appeared  to  be  flat,  coinciding  exactly  with  the  horizontal  spider-line 
of  the  telescope.  Prom  this  it  would  appear  that  a  diameter  33  mm. 
might  be  enough,  and  that,  therefore,  38  mm.  should  be  ample.  This 
conclusion  is  supported  by  observation  of  the  reflection  from  the  surface 
of  water  in  a  wider  vessel.  If  a  beaker  of  water  7  or  8  cm.  in  diameter 
is  thoroughly  cleaned,  filled  almost  to  the  brim  with  pure  water,  and  im- 
mersed in  a  large  dish  of  water,  the  reflection  in  both  surfaces  of  a  ver- 
tical rod  behind  it  is  seen  to  be  perfectly  straight  in  the  middle,  but  to 
bend  when  the  image  approaches  nearer  than  about  i .  7  cm.  to  the  beaker 
wall.  This  indicates  the  need  of  a  tube  wider  than  34  mm.  A  similar 
phenomenon  is  shown  by  merctuy,  of  which  a  surface  more  than  40  mm. 
in  diameter  shows  a  small  level  spot  in  the  center,  approaching  to  within 
about  18  mm.  of  the  edge.  A  surface  less  than  35  mm.  in  diameter  shows 
no  such  level  spot.  These  dimensions  about  coincide  with  those  observed 
in  the  case  of  water.  Therefore,  we  concluded  that  the  error  of  level 
in  a  38  mm.  tube  would  be  so  small  as  to  be  outside  the  limit  of  our  meas- 
orenient.  Accordingly,  all  our  results  recorded  in  the  present  paper 
were  obtained  with  this  large  diameter — perhaps  the  widest  um-estricted 
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tube  which  has  ever  been  used  in  surface  tension  measurements.  This 
matter  will  receive  further  study  in  order  to  discover  if  a  yet  wider  tube 
may  be  necessary  for  the  most  exact  result.  At  any  rate,  it  is  clear  that 
any  outcome  obtained  with  the  wider  tube  as  narrow  as  ao  mm.  must  be 
far  from  the  truth.  This  fact  doubtless  accounts,  at  least  in  part,  for  the 
low  results  for  surface  tension  often  obtained  by  this  method. 

The  error  is  magnified  by  the  presence  of  a  further  point  of  support  in  the 
middle  of  the  wide  tube,  such  as  the  capillary  usually  employed.  In  some 
preUminary  experiments  of  our  own,  it  was  found  that  when  a  fine  glass 
rod  is  immersed  in  water  in  the  middle  of  a  tube  30  mm.  in  diameter, 
the  capillary  rise  in  this  tube  is  about  0.31  mm.  more  than  that  without 
the  rod.  Because  liquid  in  a  tube  of  this  diameter,  even  without  the 
central  capillary,  is  distinctly  above  a  level  surface,  it  will  be  seen  that 


Fig.  4.— -Photosraph  (kvcd -tenths  actual  sie)  of  captllaiy  rise  in  zo  nun.  tube  (with 
central  rod)  above  level  in  two  36  nun.  tubes.  The  straisbt-edged  screen  behind 
the  tubes  is  exactly  tangent  to  the  larger  meniscuses.  This  photograph  shows  the 
magnitude  ol  the  error  in  the  usual  surface  tension  apparatus,  which  is  like  that 
in  the  central  tube. 


SUK9ACE  TENSIONS  09  WAT9R,  AIX^OHOLS,  9TC.  1 665 

the  many  experimenters  who  have  used  this  arrangement  must  have 
obtained  results  much  too  low. 

The  combined  effect  is  shown  in  the  appended  Fig.  4.  This  is  a  some- 
what reduced  photograph  of  a  20  mm.  tube  between  two  tubes,  each  36 
mm.  in  internal  diameter.  The  middle  tube  has  within  it,  in  the  center, 
a  fine  glass  rod,  which,  as  regards  its  exterior  capillary  action,  would  give 
the  same  effect  as  a  fine  capillary  tube.  The  tube  was  carefully  leveled 
and  the  lens  of  the  camera  placed  exactly  on  a  level  with  the  meniscuses. 
A  screen  with  a  straight  upper  edge  was  then  arranged  behind  the  menis- 
cuses in  such  a  way  as  to  be  exactly  tangent  with  the  bottoms  of  the  two 
larger  ones.  Any  one  can  see  how  much  the  liquid  in  the  middle  20  mm. 
tube  is  raised  above  the  level  in  the  wider  tubes.  This  error,  which  does 
not  need  a  micrometer  to  appreciate  its  magnitude,  has  entered  into  many 
of  the  earlier  investigations,  especially  among  the  recent  ones  in  that 
of  R&iard  and  Guye. 

The  Correction  for  the  Weight  of  the  Meniscus  in  the  Capillary. 

The  reading  of  the  height  in  the  capillary  is  made  from  the  lowest  point 
of  the  meniscus,  and  all  the  liquid  above  that  level  in  the  capillary,  rising 
up  to  the  walls  of  the  tube,  is,  therefore,  ignored  in  the  simple  reckoning. 
But  the  weight  of  the  liquid  in  the  meniscus  itself  may  be  very  important 
unless  the  capillary  is  exceedingly  fine. 

The  calculation  of  the  exact  shape  of  the  meniscus  is  a  mathematical 
problem  of  great  intricacy,  which  has  apparently  not  yet  been  satisfac- 
torily solved.^  Special  assumptions  have  usually  been  introduced  in  order 
to  effect  integration,  and  terms  of  a  smaller,  but  still  possibly  significant, 
order  must  be  neglected.  The  usually  assumed  relation  is  that  of  Poisson,* 
who  came  mathematically  to  the  conclusion  that  /t  is  to  be  found  as  fol- 
lows: A  =  Ao  +  ^/3  —  ''V'^o  o.  1288.  This  equation  gives  a  reasonable 
result  when  the  capillary  is  fine;  but  when  the  tube  becomes  wide,  r' 
exerts  too  great  an  influence,  and  with  a  diameter  approaching  i  cm., 
h  becomes  less  than  ho — an  obvious  absurdity.  Hagen  and  Desains'  have 
proposed  a  widdy  different  equation  as  follows:  h  —  ho  +  ah /{3a*  +  r*) ; 
in  which  a*  is  the  capillarity-constant  (the  true  height  multiplied 
by  the  diameter  of  the  tube).  This  expression  (based  upon  La  Place's 
reasoning)  at  least  never  makes  the  calculated  value  less  than  the 
observed  value,  and  is,  therefore,  in  this  respect  to  be  preferred  to  the 

^  La  Flace,  Gauss,  Young,  Poisson,  Maxwell,  Rayleigh,  Gibbs  and  others  have 
attacked  the  problem.  Lord  Rayleigh's  papers  on  the  theory  of  capillarity  are  especially 
interestsBg.  See  Lord  Rayleigh's  collected  works  1883-1892,  II,  236,  III,  397,  513, 
5^>  572  (1901).  A  historical  and  appreciative  review  of  the  work  of  these  various 
investigators  is  forbidden  by  lack  of  space. 

'Poisson,  "Nouv.  Th^or  d.  Tact,  capill.,"  p.  no  (Paris,  1831). 

*  Hagen  and  Desains,  Ann.  chim.  phys.,  [3]  51,  4x7  (1857);  see  also  Chwolson's 
"™"^^  "  Vol.  I,  p.  598  (German  edition)  where  the  equation  is  incorrectly  given. 
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equation  of  Poisson;  but  it  is  doubtful  if  all  the  necessary  quantities  have 
been  considered*  However,  the  equation  reduces  to  fe  =  /to  +  r/3  when  k 
is  very  large  (that  is,  when  r  is  very  small)  as  it  should  to  correspond  to 
the  facts. 

In  view  of  this  failure  of  both  the  usually  accepted  equations  under 
common  conditions,  we  sought  to  discover,  if  possible,  further  experi- 
mental light  upon  this  vexed  question. 

Even  superficial  observation  shows  at  once  that  the  meniscus  in  a  very 
small  tube  is  almost  hemispherical,  and  that  this  hemisphere  becomes 
more  and  more  oblate  or  flattened  as  the  tube  becomes  wider.  Obviously 
the  short  diameter  of  this  pseudo^oblate  spheroid  ought  to  be  an  important 
help  in  solving  the  riddle.  The  measurement  of  the  height  of  the  meniscus 
between  its  lowest  point  and  the  point  of  actual  contact  with  the  glass 
walls  of  the  tube  was,  therefore,  carried  out;  it  proved  to  be  easier  than 
had  been  expected. 

In  our  apparatus,  with  the  dark  screen  tangent  to  the  meniscus,  although 
the  lower  suf ace  of  the  meniscus  is  very  sharply  defined,  the  extreme  upper 
edge  cannot  be  very  easily  identified.  A  simple  device  made  it  possible 
to  determine  exactly  the  position  of  this  upper  edge,  nevertheless.  If 
the  screen  is  gradually  raised  above  the  position  of  tangency,  its  image 
becomes  at  first  much  refracted  and  distorted  by  the  curved  surface; 
but,  as  the  screen  is  raised  higher,  its  image  approaches  straightness  again, 
until  at  a  definite  position  the  edge  of  the  screen  appears  again  entirely 
straight.  This  straightness  must  be  attained  at  the  level  where  the  liquid 
meniscus  is  exactly  in  contact  with  the  walls  of  the  tube.  The  cross  hair 
of  the  telescope  .can  then  be  accurately  set  on  the  edge  of  the  meniscus 
and  screen,  thereby  giving  exactly  the  position  of  the  upper  boundary 
of  the  meniscus. 

Careful  measurement  thus  made  showed  the  height  of  the  meniscus 
in  a  perfectly  dean  tube  0.4  mm.  in  diameter  to  be  very  nearly  equal  to 
the  radius  of  the  tube,  varying  but  slightly  with  different  liquids.  Thus 
the  shape  of  the  meniscus  in  a  fine  tube  of  this  sort  is  nearly  spherical.. 
If  this  were  exactly  true,  the  correction  wotdd  be  simply  V»  *ts  height, 
because  a  hemisphere  occupies  precisely  two-thirds  of  the  voltune  of  the 
circumscribed  cylinder.  Practically,  the  deviations  from  this  simple  expres- 
sion are  so  slight  with  tubes  of  this  very  small  bore  that  they  may  be  ne- 
glected. Thus  in  such  a  tube  the  third  term  of  the  second  member  of  the 
theoretical  equation  of  Poisson  should  become  so  small  as  to  be  negligible. 

The  height  of  the  meniscus  in  wider  tubes  next  deserved  attention.  In 
the  way  just  described  the  height  of  water  in  a  meniscus  within  a  tube 
2.02  mm.  in  diameter  was  found  to  be  0.964  mm.,  a  value  near  that  of 
the  radius,  but  slightly  less.  It  seemed  highly  probable  that  within  the 
limit  of  error  of  experiment  it  would  be  safe  here  to  assume  that  this  menis- 
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COS  was  a  stightly  flattened  sphere  (or  oblate  spheroid)  with  its  shortest 
iBdhis  0.964,  and  that  the  vdtune  of  the  concave  mass  of  liquid  enclosed 
between  the  hemispheroid  and  walls  was  to  be  found  by  multiplying 
2ffr  by  one-third  of  its  height.  The  various  qualitative  arguments  which 
led  to  this  conclusion  need  not  be  detailed,  because  a  satisfactory 
quantitative  support  of  the  assumption  is  found  in  the  data  of  Winkler,^ 
determined  by  actually  weighing  the  water  in  the  meniscus.  For  such  a 
tube  the  correction  to  the  height  given  by  Winkler  is  0.32  mm.  in  very 
do9e  agreement  with  one-third  of  the  meniscus  height,  0.321.  Hence  it 
seemed  reasonable  to  use  this  simple  method  with  other  liquids  and  other 
tubes  of  small  diameter.  The  equation,  then,  used  throughout  this  paper 
for  tubes  of  2.02  mm.  (or  less)  in  diameter,  is  h  ^  ho  +  h^lz^  in  which 
k  =  the  true  corrected  height,  ho  »  observed  height,  and  h^  »  the  height 
of  the  capillary-meniscus,  as  observed  by  the  method  described  above. 
When  the  tube  is  veiy  small  this  becomes  approximately  /t  »  Ao  +  ^/3» 
because  h^  is  then  almost  equal  to  r. 

This  equation,  like  that  of  Hagen  and  Descuns,  is  evidently  safer  than 
that  of  Poisson,  since  it  never  leads  to  an  absurdity,  no  matter  how  wide 
the  tube  may  be;  and  with  small  tubes  we  have  good  reason  to  believe 
that  it  is  better  than  either  of  the  others.  For  tubes  over  4  or  5  mm.  in 
diaineter,  it  doubtless  needs  modification.  In  a  very  wide  tube,  e,  g,,  of  30 
miliimeters,  dearly  all  the  liquid  raised  must  be  in  the  meniscus  (measuring 
here  with  water  about  4  mm.  in  height).  In  this  case,  the  correction 
which  should  be  applied  to  the  bottom  of  the  meniscus  to  obtain  the  cor- 
rected capillary  rise  (easily  calculated  to  be  about  i  mm.)  would  be  about 
one-quarter  of  the  meniscus  height  instead  of  (Mie-third,  as  was  found 
with  very  small  tubes.  It  seems  probable,  then,  that  these  two  frac- 
tions (one-quarter  and  one-third)  represent  the  limits  of  the  variation  of 
the  correction  for  the  meniscus  as  applied  to  the  measured  height  of  this 
nused  mass  of  water,  and  that  all  values  for  tubes  of  less  than  30  mm. 
diameter  must  lie  between  these  rather  dose  limits.  The  corrected  value 
of  the  rise  above  the  standard  flat  Jevel  in  any  tube  less  than  30  cm.  in 
diameter  would,  therefore,  be  A  =  A©  +  «Am,  where  n  varies  from  ex- 
actly one-third  with  very  narrow  tubes  to  about  one-quarter  with  wide 
tubes.  A  more  comprehensive  study  of  the  relation  of  the  weight  of  the 
meniscus  to  its  height  will  be  carried  out  in  the  near  future  in  this  labora- 
tory. For  the  present  research  this  was  not  necessary,  because  only 
very  narrow  and  very  wide  tubes  were  used,  and  each  of  these  was 
treated  adequately  with  the  definite  knowledge  hereinbefore  detailed. 

The  Angle  of  Contact 

This  is  a  very  important  consideration,  concerning  which  the  evidence 
is  conflicting.     In  this  preliminary  paper  we  have  made  no  attempt  to 
>  L.  W.  Winkler,  Z.  angew,  Chem.,  1903,  p.  719. 
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add  to  the  knowledge  of  it.  The  angle  of  contact  enters  into  the  com* 
plete  expression  for  calculating  surface  tension  in  the  form  of  its  cosine* 
and  must,  therefore,  assume  a  value  of  2  ^  30'  in  order  to  affect  the  result 
by  o.  1%.  It  is  true  that  early  indirect  results  by  Quincke  seemed  to 
show  that  the  angle  of  contact,  even  with  water,  was  as  much  as  25  ^» 
which  would  affect  the  result  to  the  extent  of  10%.  More  recent  results, 
however,  have  discredited  these  conclusions.  There  is  good  reason  to 
believe  that,  although  in  the  case  of  mercury  (where  the  tube  is  not  wetted 
by  the  liquid)  the  angle  of  contact  is  considerable  and  important,  in  all 
those  cases  where  the  tube  is  fully  wetted  by  the  liquid,  this  angle  is  re- 
duced to  zero.  Attention  is  especially  directed  to  the  careful  and  thought- 
ful work  of  Magie,^  who  found  that  some  of  the  assumptions  underlying 
Quincke's  mathematical  work  were  incomplete  (as  has  so  often  been  the 
case  in  discussions  of  this  kind)  and  that  there  is  really  no  basis  for  be- 
lieving, at  least  as  far  as  Quincke's  restdts  go,  that  any  appreciable  angle 
of  contact  exists.  Ramsay  and  Shields*  bring  forward  a  very  ingenious 
piece  of  evidence  in  favor  of  this  thesis.  They  show  that  a  completely 
spherical  bubble,  which  has  exactly  the  diameter  of  a  small  vertical  tube, 
will  not  rise,  but  that  a  spherical  bubble  with  a  very  slightly  less  diameter 
will  rise  in  the  tube.  Because  the  spherical  bubble  must  have  its  periph- 
ery tangent  to  the  tube,  and  when  it  just  fits  the  tube  practically  con- 
sists of  two  meniscuses,  one  concludes  that  the  meniscusei^  are  exactly 
tangent . 

Nevertheless,  the  question  is  not  wholly  answered;  and  we  hope  before 
long  to  have  further  evidence  to  advance  concerning  it.  Otu*  experience 
thus  far  would  seem  to  indicate  that  the  large  values  fcx*  the  contact 
angle  found  by  some  experimenters  must  have  been  due  to  impurities 
which  prevented  the  liquid  from  truly  wetting  the  walls;  in  such  cases  a 
large  contact  angle  is  evident  even  to  a  superficial  observer. 

Another  question  more  or  less  connected  with  the  contact  angle  is  the 
question  as  to  the  effect  of  the  material  of  the  tube.  Quincke'  thought 
that  the  nature  of  the  material  of  the  tube  produced  an  effect  upon  the 
capillary  constant,  but  Volkmann^  has  disproved  these  conclusions.  Here 
again,  incomplete  wetting  was  probably  the  cause  of  the  deviations. 

Preparation  of  the  Materials. 

The  benzene  used  in  this  work  was  freed  from  thiophene  by  prolonged 
shaking  with  several  portions  of  sulfuric  acid.  It  was  then  washed  with 
water  until  there  was  no  further  test  for  acid,  thoroughly  dried  over 
sodium  wire,  redistilled  once,  and  recrystallized  four  times  (until   the 

*  Magie,  Wied.  Ann.,  35,  432  (1885). 

*  Z.  physik.  Chem.,  is,  452  (1893), 

*  Wied.  Ann,,  6x,  267  (1897). 

*  Volkmftnn,  Ibid,,  53,  633  (1894). 
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freezing  point   became   constant).    The   benzene   was   preserved    over 
sodium.^ 

The  toluene  was  best  ''chemically  pure"  preparation  made  commer- 
cially in  Germany.  It  was  treated  with  concentrated  sulfuric  add  for  a 
long  time,  washed  with  caustic  alkali  and  water,  and  then  shaken  up  with 
mercury  until  the  merctuy  was  no  longer  discolored.  Finally  it  was  frac- 
tionated (boiling  at  110.4^-110.6°  under  768  mm.)  and  preserved  over 
sodiiun. 

Methyl  alcohol  was  prepared  water-free  by  refluxing  first  with  fresh 
lime  and  finally  for  a  long  time  with  metallic  calcium.  It  had  a  boiling 
point  of  64. 65 ^-64. 75°  under  767.5  mm.  pressure. 

"Absolute"  ethyl  alcohol,  obtained  from  a  trustworthy  American 
firm,  and  purporting  to  have  only  o.  2%  of  water,  was  refluxed  with  me- 
tallic calcium  for  a  day,  and  then  redistilled.  During  the  distillation  the 
receiver  was  well  protected  from  moisture  by  a  tube  of  freshly  ignited 
lime.  The  boiling  point  of  the  fraction  taken  was  78 .  55  °  at  763 . 7  mm. 
The  hquid  was  distilled  directly  into  the  surface  tension  apparatus, 
with  every  precaution  to  exclude  ihoisttu'e.  This  precaution  is  essential — 
a  preliminary  determination  with  alcohol  which  had  been  exposed  to  the 
atmosphere  gave  a  value  for  the  capillary  constant  appreciably  too  high. 

Our  isobutyl  alcohol  had  been  carefully  fractionated  in  this  labora- 
tory by  Dr.  H.  S.  Davis,  and  had  a  boiling  point  of  107 . 2  **-i07 . 3  °,  under 
normal  pressure. 

Bthyl  butyrate  was.  purified  by  five  fractional  distillations,  and  boiled 
at  120.8^  at  756.6  mm. 

The  water  used  was  all  twice  distilled,  first  from  alkaline  permanganate, 
and  then  from  a  trace  of  stdfuric  add. 

The  Execution  of  the  Determinations. 

The  essential  preliminary  details  having  been  settled,  it  was  now  possi- 
Ue  to  proceed  to  develop  an  apparatus  by  which  the  capillary  rise  of 
liquids  could  be  accurately  measured.  The  first  form  which  this  apparatus 
took  is  illustrated  iii  Pigs,  i  and  5  (Apparatus  III).  Except  that  the 
narrower  tube  was  very  much  smaller,  the  general  design  was  the  same 
as  that  in  Apparatus  II  (Pig.  3).  In  Apparatus  III  the  larger  tube  was 
38  mm.  in  diameter,  while  that  of  the  smaller  was  2.0198  mm.  This 
apparatus  was  made  more  compact  than  No.  II,  but  it  still  demanded  a 
rather  large  bulk  of  liquid  (36  cc.),  since  we  dared  not  soften  the  glass 
near  the  center  of  the  large  tube,  where  the  meniscus  was  to  be  read. 
The  diflSculty  was  overcome  in  Apparatus  IV  (Pig.  6)  by  sealing  into  the 
large  tube  a  closed  sinker  of  glass  (partly  filled  with  lead  shot),  which  dis- 
plaoed  most  of  the  liquid.  The  tube  above  was  also  filled  with  a  loose 
pbg  of  glass  rod  for  the  same  purpose  and  the  total  bulk  of  liquid  needed 
*  See  Ridiards  and  Shipley,  Tms  JouitNAL,  36,  1825  (19x5). 
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was  thus  reduced  to  12  cc.  In  Apparatus  IV  the  wide  tube  bad  the  usual 
diameter  of  38  nun.  and  the  capillary  tube  a  diameter  of  o.  1936  nun., 
as  already  stated.  The  presence  of  the  sinlKr,  with  its  txip  vety  near 
but  fully  below  the  surface,  had  the 
important  incidental  advantage  of 
much  diminishing  the  slight  but  irri- 
tating vibration  which  the  liquid  Bome- 
times  suJTered  in  the  wide  tube.  This 
vibration  came  chiefiy  &om  a  distant 
engine  in  the  Engineering  Building  of 
the  University,  and  was  especially  no- 
ticeable when  the  ground  was  frozen. 

Obviously  the  first  thing  to  do  with 
each  apparatus  was  to  test  it  by  means 
of  some  convenient  Uquid,  t^dng  read- 
ings at  short  intervals  and  in  all  the 
four  possible  positions.  Thus  any  de- 
ceptTve  regions  could  be  detected,  and 
henceforth  avoided  in  the  actual  use 
of  the  apparatus.  Each  fq>paratus  had 
a  mark  etched  upon  it,  for  reference 
as  to  position. 

Apparatus  III  was  the  first  to  be 
studied  "In  thia  way.     It  was  carefully 
cleaned  with  fresh  sulfuric  and  chromic 
add     cleaning    solution,    thoroughly 
N^.,^  washed  with  purest  water,  and  filled 

with  water  to  the  desired  point.  The 
importance  of  perfect  deanliness  can- 
not be  overemphasized.  The  appara- 
tus was  set  in  a  precisely  vertical  posi- 
tion with  the  help  of  a  plumb-line,  and 
after  sufficient  time  had  elapsed  for 
Msary  volume  of  the  liquid  to  take  the  temperature  of 
''''"'''■  the   thermostat,   the   meniscus  levels 

were  carefully  read  by  means  of  the  cathetometer.  Then  the  position 
of  the  meniscus  in  relation  to  the  reference  mark  was  noted,  more  water 
put  in  and  new  readings  taken  as  before. 

At  first  the  readings  were  not  concordant.     It  was  found  that  the 

capillary  rise  was  too  small  when  hquid  was  being  added  to  the  lai^  tube. 

Thus  there  was  a  slight  lag  in  the  fine  tube,'  probably  due  to  increase 

'  Lord  Rayldgh'a  interestinK  woik  on  cbangiog   surface  efircte  api^ies  onlr  to 

mixed  solutions,  such  as  oleatcs  and  saponin.     (Proc.  Roy.  Soc„  47,  2S1  (1890)0 
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ot  the  ccHitact  angle  with  a  rising  thread.  Only  when  the  liquid  is  run 
lapidly  up  and  down  the  capillary  tube  so  as  to  wet  thoroughly  the  walls 
(of  course  allowing  sufficient  time  for  drainage)  are  the  readings  consistent 
and  trustworthy. 

A  few  data  may  be  given  to  show  the  importance  of  this  precaution. 
For  example,  a  preliminary  observation  with  Apparatus  III  gave  an 
unc(ffrected  (and  incorrect)  capillary  rise  of  i .  406  cm.  On  adding  3  cc. 
d  water  to  the  wide  tube  (a  change  of  level  of  2 . 8  mm.)  the  capillary  rise 
was  only  1.365;  and  upon  adding  a  little  more  water  the  rise  was  stiH 
further  diminished  to  i  .349.  On  the  other  hand,  when  the  water  in  the 
wide  tube  was  brought  back  to  the  original  level,  the  reading  was  i  .437, 
which  was  regularly  attained  in  this  way  on  repetition.  This  is  a  total 
range  of  six  per  cent. — an  altogether  inadmissible  irregularity.  Hence 
special  precautions  must  be  taken  about  wetting  the  capillary  before  each 
reading,  running  the  liquid  back  and  forth,  and  giving  plenty  of  time 
for  drainage.  The  reading  should  be  approached  with  a  falling  capillary 
thread — accomplished  by  suitably  indining  the  apparatus  for  a  moment. 
In  this  way  consistent  and  satisfactory  readings  may  always  be  obtained, 
if  the  capillary  is  dean  a^d  the  liquid  pure.  One  notes  that  this  is  pre-* 
cisdy  the  opposite  procedure  to  that  necessary  in  the  case  of  mercury, 
wUdi  must  be  read  in  a  capillary  with  a  rising  thread. 

The  technique  having  been  settled,  the  calibration  of  Apparatus  III 
could  be  undertaken.  This  was  done  by  making  many  readings  of  the 
height  of  the  water  levd  at  frequent  intervals  and  in  all  the  four  possible 
positions.  Thus  it  was  found  that  with  this  particular  apparatus  suffi- 
ciently concordant  results  could  be  obtained  only  if  the  liquid  level  in 
the  wide  tube  occurred  between  +0.4  to  +1.3  mm.  from  the  mark  for 
all  four  positions;  hence,  this  limited  range  was  always  adhered  to.  The 
precaution  was  important,  for  a  great  error  may  be  introduced  because 
of  irregularities  in  the  walls  of  some  parts  of  the  tubes.  We  are  inclined 
to  rate  this  as  one  of  the  most  serious  of  the  heretofore  comparatively 
unheeded  details. 

In  order  to  illustrate  more  fully  the  method  employed,  a  series  of  read- 
ings in  a  single  setting  chosen  at  random,  wiU  be  given  in  full  detail. 
For  this  reading  the  apparatus  happened  to  be  placed  in  the  thermostat 
in  position  d  (that  is,  inverted,  and  viewed  from  the  back,  with  the  larger 
tube  to  the  left).  When  the  fixed  spider-line  of  the  micrometer  eyepiece 
was  set  on  the  large  meniscus,  the  reference  mark  on  the  smaller  tube  (2) 
correqKmded  to  +0.400  on  the  micrometer  scale.  The  positions  of  the 
two  memscines  were  then  read  by  measuring  in  turns  of  the  micrometer 
the  distance  of  the  respective  portions  from  the  nearest  millimeter  as 
read  off  from  the  very  careftilly  graduated  scale  of  the  cathetometer. 
It  win  be  observed  that  the  individual  readings  varied  in  maximum  less 
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than  o.oi  mm.  on  each  side  of  the  average.    This  may  be  taken  as  about 

the  possible  error  of  a  single  observation.    The  mean  was  doubtless 

considerably  nearer  the  truth  than  this. 

Two  Parallel  Ssribs  op  Readings:    Water  m  Apparatus  III.    (20"*.) 

Positicm  {d)  apparatus  inverted,  back. 

Micrometer  scale  aettlngs. 
'  ToUl 

In  turns.  Same       reading. 

Mm.  scale.      ^  ■  *  >      Ave,      In  mm.         mm. 

(2)     919.00     +0.458     0.451     0.450     0.457     0.450     0.453     0.376     919-376 
(l)     904.00     +I.185      I. 183      I. 188      I. 186      I. 186     1.185     0.983     904.983 


14 -393 
(2)  912.00  +0.461  0.468  0.448  0.459  0.452  0.457  0.376  919.376 
(l)     904.00     +X.185      I. 189     I. 189     t.195      I. 197     I. 191     0.989     904.989 

14.390 
Average  observed  rise,      14 .  391 

This  table  gives  readings  only  in  a  single  position.  In  order  to  be  sure 
that  inequaUties  in  the  tube  caused  no  error,  it  was  necessary  (as  already 
pointed  out)  to  make  readings  also  in  the  other  positions,  and  the  follow- 
ing table  contains  not  only  the  two  averages  just  given,  hut  six  other 
averages,  two  for  each  of  the  positions  (a),  (6)  and  (c),  as  already  defined — 
a  being  always  the  position  when  the  tube  was  erect,  with  the  larger  tube 

to  the  left.  ^ 

Rbsui^ts  roR  Watbr  m  Apparatits  III. 
Readings  in  all  four  positions. 

(fl)    1.4378  (W    X.4416  W    1.4389  (d)    1.4393 

1.4379  1.4427  1.4380  1.4390 


Av....     (a)    1.4378              ib)    1.44"              W    1.4384  id)   1. 4391 

Average  cl  (a)  and  (b)  »  1-4400;  average  of  (c)  snd  (d),.     ^1 .4388 
Total  average « i  .4394 

It  will  be  noticed  that  the  readings  in  any  one  position  are  fairly  con- 
sistent, but  that  there  is  considerable  variation  even  in  this  very  carefully 
selected  and  elaborately  studied  tube  between  the  settings  in  different 
positions.  Position  (6)  appears  to  be  the  most  widely  deviant,  giving  the 
highest  results,  (d)  and  (c)  agree  very  closely  with  each  other  and  with 
the  average.  On  the  whole,  therefore,  they  are  to  be  looked  upon  as  the 
more  accurate.  The  average  of  the  eight  figures  has  a  probable  error 
(according  to  the  theory  of  least  squares)  of  0.0004,  ^^  0.03%.  Thus, 
the  restdt  is  of  a  degree  of  accuracy  consistent  with  that  of  the  rest  of  the 
problem.  Similar  deviations  were  found  with  other  liquids.  Usually 
position  (a)  gave  the  lowest  results  and  (b)  the  highest.  Something  de- 
pends, of  course,  upon  the  exact  level  of  the  liquid  in  the  tube.  With 
this  apparatus  determinations  of  the  capillary  constant  not  only  of  wator, 
as  just  given,  but  also  of  benzene  and  toluene  were  made. 
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Apparatus  IV  (Pig.  6)  (wfaich  had  a.  much  finer  capillary  and  a 
occup3ang  most  of  its  bulk,  so  that  less  liquid  was  needed)  was  calibrated 
and  tested  in  exactly  the  same  way  as  Apparatus  III.  Ethyl  alcohol 
was  used  for  this  ptupose,  because  the  capillary  rise  with  water  was  so 
great  in  this  tube  as  to  take  the  meniscus  out  of  the  range  of  the  small 
window  of  optical  glass  in  the  thermostat.  The  results  obtained  in  the 
various  positions  are  recorded  below: 

R^uLTs  FOR  Ethyl  Alcohql  in  Apparatus  IV. 
Readings  in  all  four  positions. 

(a)   2.9723  (b)    2.9713  (c)    2.9734  W   2.9700 

2.9710  2.9713  2.9744  2.9701 

2.9704  2.9715  2.9735  2.9702 


2.9712  2.9714  2.9738  2.9701 

Average  of  (a)  and  (b)  »  2.9713;  average  of  (c)  and  (d) * 2 .9720 

Total  average ""2.9716 

The  agreement  between  the  different  positions  is  here  much  better  than 
in  the  case  of  Apparatus  III;  it  leaves  nothing  to  be  reasonably  desired. 
The  "  probable  error"  is  so  small  as  to  be  negligible. 

Benzene  was  again  determined  (so  as  to  relate  the  results  of  one  appara- 
tus with  the  other).  In  addition  isobutyl  and  methyl  alcohol  were  like- 
wise studied  in  this  apparatus,  as  well  as  ethyl  butyrate. 

Before  any  new  liquid  was  introduced,  each  apparatus  was  always 
deaned  with  deaning  solution,  thoroughly  washed  with  nothing  save 
the  best  distilled  water  and  finally  dried  by  blowing  air  dried  by  phosphorus 
pentoxide  through  it  for  a  long  time  (two  to  four  hours).  No  grease  was 
used  upon  the  stopcock,  which  was  very  finely  ground  and  was  moistened 
with  the  liquid  within:  To  keep  out  water  and  withstand  hydrostatic 
pressure  when  the  apparatus  was  inverted,  the  top  of  the  joint  of  the 
stopcock  was  carefully  coated  with  hard  paraffin,  just  before  the  immer- 
sion. 

In  the  two  tables  which  immediately  follow  there  are  recorded  the  suc- 
cessive'determinations  of  the  several  liquids  with  Apparatus  III  and  IV. 
In  every  case  air  at  atmospheric  pressure  was  present  in  each  of  the  tubes, 
with  the  saturated  vapor.  Apparatus  IV  had  been  arranged  so  that  the 
air  could  be  removed,  but  lack  of  time  prevented  our  making  the  experi- 
ment. The  results  of  R^ard  and  Guye^  show,  nevertheless,  that  the 
effect  of  the  air  must  be  slight. 

The  tables  contain  in  each  case  the  mean  value,  obtained  by  averaging 

^T.  R6iard  and  P.  A.  Guye,  /.  chim,  phys,,  5,  8i~ii2.  Ramsay  and  Shields's 
method  was  employed  to  measure  the  rise  of  liquids  in  capillary  tubes.  Measurements 
were  made  tn  vacuo,  and  in  the  presence  of  air  at  atmospheric  pressure.  The  difference 
between  the  surface  energy  in  the  two  cases  does  not  differ  by  more  than  0.5%. 
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many  determmatiotis,  in  the  way  already  explained  in  the  case  of  water 
and  benzene. 

The  tables  for  the  most  part  explain  themselves.  The  first  column 
names  the  substance;  the  second  records  the  observed  height  (average  of 
at  least  four  averages)  of  the  coltunn  between  the  bottoms  of  the  two 
meniscuses;  the  third  gives  the  correction  which  must  be  added  to  this 
height  on  account  of  the  weight  of  liquid  in  the  capillary  meniscus;  the 
fourth  gives  the  sum  of  the  two  preceding,  or  the  corrected  height;  and  the 
fiftH  gives  the  density  of  each  substance. 

The  last  two  columns  perhaps  require  slightly  more  detailed  descrip- 
tion. In  the  sixth,  or  the  next  to  the  last  column  of  the,  table  is  recorded 
the  so-called  "capillary  constant/'  usually  expressed  by  the  symbol  a^, 
which  has  the  dimension  of  surface,  but  numerically  represents  the  cor- 
rected height  in  millimeters  to  which  the  liquid  would  rise  in  a  tube  of 
exactly  i  mm.  radius.     It  is  calculated  according  to  the  equation 

a*  =  r  X  (A  +  fc«/3), 
hm  being  the  height  of  the  meniscus,  which  is  very  nearly  the  radius  of 
the  tube  in  a  small  tube  of  this  sort. 

The  last  column  of  the  table  gives  the  surface  tension  computed  in  terms 
of  dynts  per  centimeter.  These  values  for  surface  tension  are  calculated 
on  the  supposition  that  the  angle  of  contact  of  liquid  in  the  capillary  tube 
is  zero.  They  can  be  easily  revised  in  the  future  provided  it  is  found  that 
this  is  not  the  case.    The  equation  used  is,  of  course, 

7  =  V2  aHSi  -  S2)g, 

> 

the  value  of  g  at  Cambridge  being  980.4,  a*  being  expressed  in  sq.  cm., 
and  Si  and  S2  being  the  densities  of  liquid  and  vapor,  respectively. 

Capsxaky  Constants  and  Surfacs  Tensions. 
Data  obtained  with  Apparatus  III  (20.00°),  radius  of  capillary  »  1.0099  mm. 

Capillary 
Average     Correction   Corrected  constant        Surface 


observed      for  small       height         _  a*  (in  pres-      tension 

n  air). 
Substance.  millimeters.   » >/«  km'    limeters.        20  V^*         (Sq.  mm.)       per  cm. 


height  in      meniscus      in  mil-        Density     ence  of  air).       dynes 


Water X4-394      0.321       14.715      0.9982       14.861       ^72.62 

Benzene 6.351       0.311         6.662      0.8788        6.728         28.94 

Toluene 6.366      0.311        6.677      0.8658        6.743        28.58 

Data  obtained  with  Apparatus  ly  (20.00^),  raditis  of  capillary  »  0.1936  mm. 

Benzene 34.620  0.061  34.681  0.8788  6.714  28.88 

Methyl  alcohol 30.063  0.061  30.124  0.7918  5.832  22.61 

Ethyl  alcohol 29.719  0.061  29.780  0.7892  5.765  22.27 

Isobutyl  alcc^ol 30.016  0.061  30.077  0.8019  5-823  22.85 

Ethyl  butjrrate 29.403  0.061  29.464  0.8789  5.704  24.54 

Only  one  pure  substance  was  detennined  by  both  tubes,  namely,  ben- 
zene.    It  will  be  noticed  that  the  results  for  benzene  are  very  nearly  the 
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same  in  both  cases,  6.728  and  6.7i4»  the  average  value  for  the  capillary 
constant  at  20^  being  6.721. 

This  close  agreement  of  the  two  results  with  benzene  seems  to  show 
that  there  is  no  essential  flaw  in  the  method,  and  that  the  radii  of  the 
tubes,  the  correction  for  each  meniscus  and  the  other  details  have  been 
properly  determined. 

Our  new  values  for  the  capillary  constant  and  surface  tension  of  these 
substances  will  be  se^i,  on  comparing  them  with  the  results  of  others, 
to  be  higher  than  most  of  the  values  found  by  this  method  already  recorded 
in  physico-chemical  literatture.  For  example,  Quincke^  found  only  14.47 
as  the  capillary  constant  of  water,  while  R£nard  and  Guye*  found  only 
6.47  for  benzene,  instead  of  6.72,  etc.  One  of  the  best  of  the  older  re- 
sults is  that  of  Frankenheim  and  Sondhauss,'  who  found  14.84  for  water, 
a  number  very  near  our  14.86;  DomkeV  more  recent  result,  14.85,  is 
even  better.  The  carefully  obtained  results  of  Walden  and  Swinne* 
are  doubtless  correct  relatively  to  one  another,  but  they  all  depend  upon 
a  value  of  the  capillary  constant  of  benzene  which  is  doubtless  too  low. 
Their  results  would  have  been  much  more  like  ours  if  they  had  accepted 
their  own  measurement  of  the  diameter  of  their  capillary,  and  even  more 
consistent  with  ouns  if  this  measurement  had  been  further  corrected  for 
the  apparently  omitted  correction  for  the  meniscuses  of  the  thread  ct 
mercury  used  in  cahbration.  If,  as  we  think,  the  capillary  constant  of 
benzene  at  20^  is  6.721  instead  of  the  value  6,515  assumed  by  them, 

all  their  results  should  be  increased  by  {-^ —  —  i )  =  3.16%,  and  a  sim- 

^6.5 15         / 

ilar,  if  not  alwa3rs  quite  equal,  correction  should  probably  be  appUed  to 
an  the  results  of  Ramsay  and  Shields  and  Aston,  and  of  R^ard  and  Guye. 

In  general  it  should  be  noted  that  higher  results  obtained  by  this  method 
are  probably  to  be  considered,  A  priori,  more  acctu'ate  than  lower  ones, 
because  most  of  the  errors  in  the  determination  tend  to  diminish  the  ob- 
served value.  If  the  tube  is  not  perfectly  dean,  or  if  the  flat  surface  used 
for  comparison  is  not  large  enough,  or  if  the  correction  for  the  capillary 
meniscus  is  omitted,  the  observed  capillary  constant  will  be  too  small; 
and  usually  at  least  one  of  these  precautions  has  not  been  heeded  in  the 
earlier  work. 

This  ^aper  is  only  a  preliminary  commtmication.    A  large  amount  of 

further  work  upon  the  subject  has  already  been  finished,  and  more  is  in 

prospect.    We  hope  that  yet  greater  accuracy  may  be  attained  in  the 

'  Quincke,  Pogg.  Ann.,  139,  i  (1870);  Bninner's  old  value  (1847)  is  much  better. 
'  R^nard  abd  Guye,  Loc.  cii.    This  value  for  20*^  is  interpolated  from  their  figiu-es. 
'Frankenheim  and  Sondhauss,  Pogg.  Ann.,  xaa,  177  (1864). 

*  Domke,  Wiss.  ABk.  d.  K,  Normal^Aich.  Komm.,  Ill,  i  (1902).    He  fpund  14.929 
at  18.2  ^  which  would  correspond  to  the  above  valtie  at  ^o^ 

*  Loc.  cii. 
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future,  bearing  in  mind  the  precautions  to  which  attention  has  been  called 
in  this  paper. 

In  conclusion,  we  are  glad  to  express  our  indebtedness  to  the  Carnegie 
Institution  of  Washington  for  some  of  the  apparatus  employed  in  this  re- 
search. 

Summary. 

In  the  course  of  a  series  of  determinations  of  capillary  constants  by 
measuring  the  capillary  rise  in  fine  tubes,  the  following  precautions  have 
been  esspedally  emphasized: 

First,  inequalities  in  the  glass  tubes  employed  were  detected  and  cor- 
rected by  the  use  of  reversible  apparatus. 

Secondly,  the  capillary  rise  was  referred  to  an  unrestricted  flat  surface 
38  mm.  in  diameter,  which  is  larger  than  that  usually  used.  It  was 
shown  that  smaller  stnf  aces  are  too  small  and  that  the  insertion  of  a 
capillary  in  the  middle  of  a  larger  tube  causes  appreciable  error  by  increas- 
ing the  capillary  effect  of  the  large  tube. 

Thirdly,  special  care  was  taken  that  the  true  bottom  of  the  meniscus 
should  be  read. 

Potuthly,  the  weight  of  the  fine  meniscus  was  in  each  case  allowed  for, 
and  a  new  approximate  formula  suggested  for  its  calculation,  depending 
upon  the  observed  height  of  the  meniscus. 

Heeding  these  precautions,  determinations  of  the  capillary  constants  of 
several  important  Uquids  were  determined  at  20**  as  follows:  water  14.861, 
benzene  6.721,  toluene  6.743,  methyl  alcohol  5.832,  ethyl  alcohol  5.765, 
isobutyl  alcohol  5.823,  ethyl  butyrate  5.704. 

Cambridos,  Mass.,  U.  S.  A. 
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THE  POTENTIAL  OF  SILVER  AGAINST  SILVER  ION  IN  CONCEN- 
TRATED SOLUTIONS  OF  POTASSIUM  AND  OF  SODIUM 
CHLORIDE,  AND  ITS  RELATION  TO  THE  AC- 
TIVITIES OF  SUCH  SOLUTIONS. 
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The  present  paper  records  the  measurement  of  the  potential  of  cells 
of  the  type  Ag  I  dilute  AgNOs  I  KNOs  I  AgCl  in  cone.  MCI  |Ag,  and 
an  attempt  to  calculate  from  the  data  the  activity  of  chloride  ion  at 
high  concentrations — a  problem  of  great  importance.  This  work,  carried 
out  in  the  academic  year  1912-13,  has  been  left  tmpublished  in  the  hope 
of  an  opportunity  to  extend  the  experiments.  Because  this  hope  has 
not  yet  been  fulfilled,  the  following  statement  of  results  is  to  be  regarded, 
in  a  sense,  as  preliminary  in  character: 
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Altbough  there  exist  numerous  careful  measurements^  of  the  potential 
of  siber  dectrodes  against  dilute  chloride  solutions  saturated  with  silver 
dilaride,  some  of-  which,  as  Jahn's,  were  made  to  determine  concentra- 
tion of  chloride  ion,  none  to  our  knowledge  traverse  systematically  the 
field  of  high  concentrations.  Nor  has  anyone  investigated  solutions  un- 
saturated with  silver  chloride — a  field  where  results  of  great  interest  are 
obtainable. 

Three  difficulties  axe  mainly  responsible — ^lack  of  definiteness  in  the 
metallic  electrodes,  and  lack  of  knowledge  of  the  variation  of  the  solu- 
bility product  and  of  the  potential  at  the  liquid  junction  with  concentration. 

Of  the  various  methods'  of  preparing  electrodes,  that  suggested  by 
Lewis,  to  pack  pure  moist  silver  oxide  into  a  spiral  of  platinum  wire  and 
then  to  ignite  at  450^  (we  used  an  electric  oven),  proved  most  satisfactory. 
Crystalline  silver  deposits  produced  on  cathodes  of  platimun  foil  in  silver 
nitiate  served  well  when  carefully  prepared.  Bell  and  Peild*  have  re- 
cently used  such  electrodes  with  success.  But  in  all  cases  electrodes  for 
use  in  a  given  cell  had  to  be  left  short-circuited  in  silver  nitrate  solu- 
tion for  days,  and  then  carefully  washed  before  using;  otherwise  they 
often  ^owed  considerable  potentials  against  each  other  in  any  single 
solution  of  silver  ions.  If  a  cell  contains  two  similar  silver  electrodes 
thus  equidized,  the  specific  pecuUarities  of  their  surface  energy  should 
cancel  out,  and  this  condition  was  insured  throughout  the  work.  But 
our  experiences  would  lead  us  to  view  with  distrust  values  obtained  by 
opposii^  any  silver  electrode  to  another  of  different  character — a  calomel 
ekcbrode  for  instance,  where  the  surface  energy  effect  would  be  uncom- 
pensated. 

After  Nemst,'  in  1889,  fii^t  proposed  the  principle  of  the  solubiUty 
product,  Rudolphi^  pointed  out  its  tendency  to  increase  with  concen- 
tration.   Stieglitz'  pointed  out  obstacles  to  applying  the  law  of  con- 

'Nernst.  Z.  physik.  Ckem.,  4,  155  (1899);  Goodwin,  Ihid.,  13,  641  (1894);  Thiele, 
Z,anori,  Chem.,  a6,  i  (1900);  Jahn,  Z.  physik,  Chem.,  33,«545  (1900)  and  35,  i  (1900}; 
Sadhir,  Ibid.,  4S,  129  (1904);  Broensted,  Ibid,,  50, 481  (1904),  and  Tolman  and  Fergu- 
son, Tms  Journal,  34^  232  (191 2).  While  the  proof  of  this  article  was  being  read, 
there  appeared  the  interesting  article  by  Maclnnes  and  Parker,  Ibid.,  37,  1445  (19 15), 
00  potaasiiim  chloride  concentration  cells,  ingeniously  contrived  to  avoid  transference, 
inchiding  solutions  as  concentrated  as  half  normal.  While  opportunity  for  extended 
comment  is  lacking,  it  may  be  noted  that  the  abnormally  low  "activities"  of  the  ions 
in  the  soluticms  investigated  by  them  are  continued  in  still  more  striking  fashion  a;t 
higher  concentrations  as  measured  by  us. 

'See  I,  also  Richards  and  Lewis,  Z.  physik.  Chem.,  28,  t  (1899);  Lewis,  This 
JointNAL,  28,  166  (1906};  Bell  and  Feild,  Ibid.,  35,  715  (1913);  Gibbons  and  Getman, 
^.,  3^f  i^y>  (1914);  Jones,  Ibid.,  37,  756  (1915)- 

'Nenist,  Z.  physik.  Chem.,  4,  372  (1889). 

«  Rudolphi,  Ibid.,  17, 385  (1895)- 

E,  Tma  JoxmNAL,  30,  946  (1908). 
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centration  effect,  but  considered  it  a  good  empirical  approximation  due 
to  compensation  of  opposing  errors.  Washburn^  has  apparently  derived 
a  sound  theoretical  basis  for  treatment  of  the  solubility  product  from 
the  original  viewpoint,  but  the  scdutions  must  be  ''sufficiently  dihite." 
Noyes'  and  his  associates  have  shown  the  variations  in  the  solubility  pro- 
duct to  increase  with  the  solubility  and  valences  of  a  salt.  According 
to  this  conclusion,  the  product  should  be  more  constant  in  the  case  of 
silver  chloride  than  with  almost  any  other  salt.  The  danger  of  assuming 
constancy  is  fully  realized,  but  our  results  must  show  at  least  the  effect 
of  superposing  changes  in  activities  and  in  solubility  jx-oduct  at  different 
concentrations.  As  for  the  most  probable  value  ai  scdubility  product 
times  10^®  at  25^,  omitting  Hollemann's'  early  work,  Kohlrausch  and 
Rose*  give  2.13;  Goodwin's*  value,  1.56,  is  raised  to  1.73  if  F  »  96,540 
and  viscosity  corrections  are  made;  Thiele*  obtains  2.00;  Kohlrausch'^ 
later  finds  1.75;  from  measurements  of  Melcher*  we  calculate  1.93; 
Bottger*' upholds  1.99;  and  finally,  Glowczynsfci,**  titrating  the  silver 
chloride  in  solution  at  25°  with  NH4CNS,  finds  1.44.  He  believes  that 
previous  investigators  have  had  impure  AgCl,  but  as  his  original  paper  * 
is  not  accessible,  his  very  low  value  is  not  for  the  present  taken  instead 
of  the  above  array  of  concordant  data.  The  average  of  the  six  accepted 
determinations  is  1.92  X  10""*^ 

Potassium  and  sodium  chlorides  were  purified  by  precipitation  from 
water  solution  of  hydrochloric  add  gas  made  by  heating  the  pure  con- 
centrated add.  The  predpitates  were  washed,  dried^  ignited,  and  dis- 
solved in  redistilled  water  almost  to  saturation.  These  solutions  were 
also  saturated  with  predpitated  silver  chloride.  On  dilution  with  a 
known  volume  of  water,  a  precipitate  appeared,  and  the  solution,,  after 
settling,  was  still  sattUBted  with  silver  chloride.  Concentrations  of 
alkali  chloride  were  calculated  from  analyses,  those  of  silver  chloride 
by  interpolation  on  a  large  curve  drawn  from  data  obtained  by  one  of 
us.^^  Solutions  tmsaturated  with  silver  chloride,  but  containing  it  in 
constant  concentration,  were  also  used.  To  prepare  these,  equal  volumes 
of  alkali  chloride  and  of  water  were  treated  with  a  volume  of  silver  nitrate 

1  Washburn,  This  Journai,,  32,  467,  653  (1910). 

'  Noyes  and  Associates,  Ibid.,  33,  1643*   1650,  1663,   1673,   1807,  1827,    1836 

(1911). 

*  HoUeman,  Z.  physik.  Chem.,  12,  132  (1893). 

*  Kohlrausch  and  Rose,  Ibid.,  X2,  242  (1893). 
'  Goodwin,  Ibid.,  13,  641  (1894). 

'  Thiele,  Z.  anorg.  Chem.,  24,  57  (1900). 

'  Kohlrausch,  Z.  physik.  Chem.,  64,  129  (1908). 

*  Melcher,  This  Journal,  32,  50  (1910). 

*  BOttger,  Z.  physik.  Chem.,  56,  83  (1906). 
><*  Glowczynski,  C.  A.,  1915,  741. 

"  Forbes,  This  Journal,  33,  1937  (i9")- 
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identical  in  both  cases,  and  on  mixing  known  amounts  of  the  products, 
sdutions  constant  in  silver  content  were  obtained,  until  precipitation 
occurred. 

Solutions  of  o.oi  N  silver  nitrate  and  of  alkali  chloride  containing  silver 
chloride  were  contained  in  separate  wide-mouthed  bottles  immersed 
in  a  thermostat  kept  at  25.0^.  As  a  precipitate  would  form  on  mix- 
ing, the  junction  could  not  be  made  and  calculated  in  the  manner  usually 
applied  to  concentration  cells  with  transference.  Siphons  of  pure  con- 
centrated potassium  nitrate  in  agar-agar  were,  therefore,  used  to  ccmnect 
the  solutions.  Sackur^  has  fotmd.  the  electromotive  force  of  such  .cells 
independent  of  the  concentration  of  the  nitrate.  Om*  chloride  solutions 
were  much  more  concentrated  than  his,  but  as  the  mobilities  of  all  the 
ions  involved  (except  soditun)  were  very  nearly  equal,  the  error  introduced 
by  junctions  at  the  boundaries  of  the  ccmcentrated  potassium  nitrate 
solutions  should  be  inconsiderable. 

The  possibility  of  variable  oxidation  of  the  electrodes  by  dissolved 
air  was  tested  by  measuring  the  potentials  of  given  cells  in  air,  in  pure 
nitrogen  from  an  apparatus  used  in  atomic  weight  investigation,  and  in 
carbon  dioxide.  As  the  only  variations  were  traced  to  the  stirring  of 
the  solutions  by  bubbles,  subsequent  measurements  were  made  in  air. 

Stirring  the  chloride  solutions  greatly  disturbed  the  potential  of  the 
GeDs.  Tolman'  has  reviewed  the  hypotheses  made  to  accotmt  for  such 
efifects,  and  has  advanced  a  plausible  one  of  his  own.  Kistiakowsky' 
holds  that  stirring  is  necessary,  in  the  case  of  solid  electrodes,  to  sub- 
merge the  sUght  differences  in  potential  between  different  points  on 
the  same  electrode.  This  would  be  particularly  true  of  metals  in  which 
a  gas  film  tended  to  form.  The  disttubances  noted  by  us  increased  with 
the  speed  of  stirring,  and  failed  to  approach  limiting  values  with  any  speed 
that  we  could  attain.  Therefore,  the  solutions,  after  brisk  stirring,  were 
aDowed  to  stand  at  rest  tmtil  the  potential  assumed  a  value  constant 
for  hoars  within  a  few  tenths  of  a  millivolt. 

The  total  potential  of  each  cell  was  measured  to  one-tenth  millivolt, 
without  interpolation,  by  the  compensation  method.  The  potentiometer 
was  calibrated,  and  the  corrections  applied.  The  standard  cadmium 
cell  was  carefully  made  up,  and  checked  at  intervals  against  cells  kindly 
loaned  by  other  investigators. 

Tables  I  and  II  exhibit  data  and  results  of  calculations  for  solutions 
saturated  with  silver  chloride.  Concentrations  are  expressed  in  mols 
per  liter  and  in  mol  fractions.  As  each  molecule  of  silver  chloride  com- 
bmes  with  two  of  alkali  chloride  up  to  1.5  N,  and  with  three  above  1.5 

'  Sackur,  Z.  physik.  Chem.,  48,  129  (1904}. 

1  Tohnan,  This  Journal,  33,  1836  (191 1);  36,  466  (1914). 

'  Kistiakowsky»  Z,  Elektrochem,,  14,  113  (1908). 
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Tabus  I. — Potassium  Chloridh  Saturatbd  witb  Sii«vbk  Chi^oridb.    Part  I. 

& 


.•4 

§1 

3.917 
3.^26 

3.797 
3.890 

3.154 
2.677 

2.508 

1.976 

1.952 
1.820 
1.648 

1.383 
0.977 
0.853 
0.758 
0.381 


to- 

I? 

.1657 
.1674 
.1610 
.1661 

.1340 
.1131 
.1061 

.0833 
.0819 

.0791 
.0690 

.0526 

.0496 

.0402 

.0357 
.0193 


Ms 

7.476 
7.482 
7.428 

7.395 
5.837 
4.990 

4  679 
3.663 

3.619 
3.353 
3.147 
2.556 
1.767 

1.545 

1.374 
0.686 


X 


II 

6.185 
6.245 
5.722 

6.024 

2.644 

1.493 
1. 198 

0.601 

0.580 

0.467 
0.352 

0.219 

O.I2I 


xg 

■at 
^». 

1. 179 
1. 189 

1.089 

1. 145 
0.4967 

0.2807 

0.2234 

O.III3 

0.1073 

0.0860 

0.0650 

0.0405 

0.0219 


$ 

X 

13 

la 

3.898 

3.907 
3.780 

3.872 

3.146 
2.672 

2.504 

x-974 
1.950 
1. 819 
1.647 

1.383 
0.977 
0.853 
0.758 
0.381 


X 

7 

X 

7.44» 
7.446 

7-395 
7.361 
5.822 
4.982 
4.672 
3.660 
3.616 
3.350 

3.145 
2.556 
1.767 
1.545 

1.374 
0.686 


If  M 

0.4759 

o.475> 
0.4753 

0.4737 
0.4668 

0.4590 
0.4586 
0.4526 
0.4518 

0.4453 
0.4446 

0.4413 
0.4328 

0.4296 

0.4269 

0.4145 
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I? 


3.917 
3.926 

3.797 
3.890 

3.154 
2.677 
2.508 
1.976 
1.952 
1.820 
1.648 
1.383 

0.977 
0.853 
0.758 
0.381 


mm* 

&< 

o.5s^ 

0.5953 

0.5954 
0.5938 
0.5869 

0.5791 

0.5787 

0.5727 

0.5719 

0.5654 

0.5647 
0.5614 

0.5529 
0.5497 
0.5470 
0.5346 


b 

x5 

ra 

MS! 

<& 
0.834 
0.854 

0.857 
0.909 
1. 187 
1. 610 
1.636 
2.067 
2.130 

2.739 
2.820 

3. 211 
4.461 
5.065 
5.616 
9. 112 


II 


I! 


1.59 
1.62 

1.63 

1.73 
2.23 

3.03 
3.05 
3.83 

3.95 
5.05 

5.20 

5.93 

7.92 

9.18 

10.18 

16.55 


o 


0.634 
0.634 

0.636 

0.635 

0.649 

0.660 

0.664 
0.684 

0.685 
0.691 
0.700 

0.717 
0.751 

0.759 

0.767 
0.801 


X 

<\^ 
0.637 
0.637 
0.639 
0.637 
0.652 
0.663 
0.667 
0.682 
0.683 
0.689 
0.697 

0.713 

0.745 

0.753 
0.761 

0.796 


m 

i 

+ 

i' 

0 

I 

M 

^4 

M 

X 

• 

X 

• 

<N 

M 

(N 

< 

2|i 

0.591 
0.575 
0.593 
0.546 
0.514 
0.446 

0.469 
0.471 
0.462 

0.385 
0.413 
0.432 
0.441 
0.444 

0.451 
0.553 


0.927 

0.903 
0.928 
0.856 

0.789 
0.673 

0.705 
0.690 
0.677 

0.559 

0.593 
0.607 

0.591 
0.590 

0.593 
0.695 


0 


0.932 

0.907 
0.932 

0.860 

0.793 
0.676 

0.708 
0.688 
0.674 

0.557 
0.592 

0.603 

0.588 

0.586 

0.587 
0.692 
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Tablb  II. — Sodium  Chloride  Saturatsd  with  Silver  Chloride.    Part  I. 


II 

5.013 

4.992 

4  895 

4.781 
3-080 

2.815 

2. 171 

2. 121 

1.700 

1.640 

I  393 
1.300 

1. 154 

0.758 
0.719 

0.441 


.1841. 

.  1837 
.1802 

.1758 
.1123 
.1025 
.0761 
.0680 
.0603 

.0579 
.0486 

.0450 
.0390 
.0247 
.0232 
.0126 


si 

la 

9.196 

9.132 

8.975 
8.761 

5.613 

5. "4 

3.954 

3.877 
3.086 

2.978 

2.517 
2.358 

2.094 
1.376 
1. 301 
0.798 


& 
X  . 

5.936 

5  925 

5.510 
5.085 

1.297 
0.988 
0.500 
0.470 
0.280 
0.257 
0.174 

0.159 
0.121 


Ap 

<i 

1.0890 
1.0860 
1. 0100 
0.9318 
0.2364 
0.1817 
0.0907 
0.0861 
0.0508 
0.0467 
0.0316 
0.0288 
0.0220 


X 

Hi    • 

<  . 

II 

4.895 

4.974 
4.878 
4.766 
3.076 
2.812 
2.169 
2. 119 
1.699 
1.639 

1 393 
1.300 

1-154 
0.758 
0.719 
0.441 


& 
X 

s 

X 

0% 

£2 

=a 
9  163 
9.119 
8.945 
8.733 
5.606 
5.108 

3  951 
3.884 

3.084 

2.977 
2.517 
2.358 

2.094 
1.376 
1. 301 
0.798 


S§ 
61  • 

5® 

3 1 

a^ 

^  M 

0.4776 
0.4768 

0.4758 
0.4736 
O.46II 
0.4586 

0.4537 
0.4517 
0.4451 
0.4432 
0.4404 

0.4379 
0.4350 
0.4264 
0.4260 

0.4147 


Table  II. — Sodium  Chloridb  Saturated  with  Silver  Chloride.    Part  II. 


u 


ll 

5.013 

4992 

4.895 
4.781 

3.080 
2.815 

2. 171 
2. 121 
1.700 
1.640 

1-393 

1.300 

1. 154 
0.758 
0.719 

0.441 


IS 

&< 

0.5977 

0.5969 

0.5959 

0.5937 
0.5812 

0.5787 
0.5738 
0.5718 
0.5652 

0.5633 
0.5605 
0.5580 

0.5551 
0.5465 
0.5461 

0.5438 


x»2 

r-fi 
m9 

<jS 
0.780 
0.805 

0.837 
0.911 

1.482 
1.634 

1.977 
2.138 

2.775 

2.976 

3.320 

3.660, 

4.096 

5.727 
5.816 
9.032 


18 
2^ 

x| 

'^1 

1.43 
1.47 
1-53 
1.67 
2.70 

2.97 
3.60 

3.91 
5.04 

5.40 
6.02 
6.64 

7.43 
10.38 

10.52 

16.31 


0.396 

0.397 
0.401 
0.406 

0.499 
0.516 

0.566 

0.568 

0.599 
0.609 
0.632 
0.642 
0.659 
0.710 

0.713 
0.756 


X 


0.684 
0.685 
0.686 
0.686 
0.695 
0.698 

0.713 
0.7X4 
0.717 
0.724 
0.734 
0.737 
0.746 
0.772 

0.774 
0.800 


If 

Z  X 


M 

< 


0.493 
0.479 
0.470 
0.442 

0.422 
0.418 
0.448 
0.424 

0.407 

0.394 
0.415 

0.404 
0.406 
0.442 

0.459 

0.482 


0\ 


e 
If 


<M 


0 


< 


0.720 
0.700 

0.685 
0.645 
0.607 

0.599 
0.627 

0.594 
0.568 

0.544 
0.566 

0.548 
0.544 
0.573 
0.593 
0.603 


1 

O 


M 

< 


1.242 
1.204 

KI73 
1.088 

0.845 
0.813 

0,792 
0.746 
0.680 
0.647 
0.657 
0.630 
0.616 
0.623 
0.644 
0.636 
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W,'  the  silver  concentratioQ  must  be  multiplied  by  two,  or  three,  and 
subtracted  from  that  of  the  alkali  chloride  in  each  case.  Observed  po- 
tentials are  given,  also  those  calculated  for  cells  containing  normal  silver 
ion  by  adding  0.05913  log  i. 000/0.009514,  or  0.1201  volt,  to  observed* 
values,  where  the  dissociation  of  0.01  AT  silver  nitrate  is  taken  as  93.14% 
at  25*.  Curves  I,  II  exhibit  the  latter  potentials  plotted  against  log 
mols/Uter,  and  II,  IV  the  same  plotted  against  log  mol  fractions  X  10*. 


.0S&    % 


^4.-0.3-0  1-0.1    O.0*C.I   0.1  a3  (U  Q.5  flfi  6.7  O-A  fl9  LP 


Logarithms   of  Concentration  of  MCI 

All  these  solutions  were  saturated  with  silver  chloride.  Next  in  order 
are  tabulated  silver  ion  concentrations  calculated  from  the  formula  log 
[Ag']  =  log  0.009314  —  «-/o.o59i3.  The  error  is  4%  per  millivolt  in 
all  cases.  Degree  of  dissociation  is  calculated  in  two  ways,  first  as 
A,/Aoo,  using  150,6  and  127,0,  the  customary  values,  respectively,  of 
Aoo  at  35°;  second  by  extrapolating  A  to  infinite  dilution  by  the  method 
of  Kraus  and  Bray,*  we  found  150.0  for  potassium  chloride,  and  125.0 
for  sodium  chloride,  and  multiplied  the  conductance  ratio  by  the  ratio 
of  the  viscosities*  rather  than  by  any  power  of  the  same.  In  the  case 
of  the  potassium  chloride,  reliable  data*  for  viscosities  were  found  and 

'  Forbes,  This  Journal,  33,  1937  {1911). 

'  Kraus  and  Bray,  Ibid.,  35,  1315  (1913)- 

■See  SuthETland,  Phil.  Mag..  3,  161  (1903);  Bousfield,  Z.  phyHk.  Chem.,  53, 
357  (1905);  Wasbbuni,  This  Jouknai,,  33,  1469  (1911)- 

'  Wagner,  Z.  pkysik.  Chem.,  j,  31  (1R90);  Reyer,  Ibid.,  a,  744  (1888);  Bniedcner, 
Ann.  physik.,  43,  394  (1891);  Hoskings,  Phii.  Mag.,  [6]  17,  50J  (1909).    Hosking's 
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applied  up  to  2.0  iV  only.  Data  for  viscosity  and  degree  of  dissociation 
were  interpolated  on  smoothed  curves  drawn  on  a  large  scale.  Because 
of  the  length  of  the  process  for  calculating  the  corrected  values,  these 
are  given  below  without  comment.  By  dividing  1.92  X  io~*®  by  [Ag*] 
we  obtain  the  apparent  effective  concentration  (n-  activity  of  the  chloride 
ioQ,  and  by  dividing  also  by  [MCI]  corrected  for  complex  formation, 
we  obtain  a  new  set  of  figures  for  effective  degree  of  dissociation.  The 
succeeding  column  gives  the  ratio  between  these  figures  and  the  cor- 
rected degree  of  dissociation.  It  will  be  noted  that  the  activity  of  the 
chloride  ion  in  relation  to  concentration  decreases  as  concentration  in- 
creases from  small  values  up  to  1.7  iV,  and  the  minima  attained — 0.385 
and  0.394  ^^  almost  identical  for  both  chlorides.  These  minima  are 
not  to  be  attributed  to  any  decrease  in  the  solubOity  product  of  silver 
chloride  as  concentration  increases,  for  Noyes^  has  shown  the  product 
to  increase.  Nor  can  the  decreases  be  mainly  due  to  absence  of  cor- 
rection for  the  liquid  jtmctions,  because  the  decrease  is  smaller  in  the  case 
of  soditmi  chloride,  where  the  difference  in  ionic  mobihties  is  far  more 
pronounced  than  in  potassium  chloride.  In  passing  through  the  con- 
centration, 1.7,  the  formtda  of  the  complex  changes  from  MsAgCU  to 
M|AgCl4,*  showing  this  region  to  be  worthy  of  careful  study.  As  the 
concentration  is  increased  beyond  this  point  the  change  in  the  nature 
of  the  medium  seems  to  prevail  over  the  tendencies  which  have  acted 
to  lower  the  relative  activity  of  the  chloride  ion.  A  sharp  rise  in  the  ratio 
of  activity  to  concentration  takes  place  as  higher  concentrations  are  ap- 
proached, which  is  much  more  pronounced  in  the  case  of  potassium 
chloride,  corresponding  to  the  greater  power  of  this  salt  to  dissolve  AgCl. 

In  the  last  column  we  have  the  ratio  between  the  effective  degree  of 
dissociation,  calculated  from  the  solubility  product,  and  the  degree  of 
dissociation  calculated  in  the  usual  simple  fashion.  With  potassium 
chloride  the  values  follow  the  same  trend  as  in  the  column  before,  but 
with  sodium  a  huge  increase  is  noted  at  high  concentrations,  imputing 
to  the  solution  an  activity  24%  greater  than  could  be  explained  by  com- 
plete dissociation.  The  viscosity  correction  appears,  therefore,  to  yield 
more  reasonable  figures  in  calculating  dissociation  from  conductivity. 

Measurements  were  also  made  in  solutions  where  the  concentration 
of  the  alkali  chloride  was  varied,  as  described  above,  without  changing 
that  of  the  total  dissolved  silver,  at  least  when  expressed  in  mols  per 
liter.    Curve  V  in  the  graph  shows  the  results  in  potassium  chloride,  and 

values  were  interpolated  between  20**  and  30  ^  while  Brueckner's  were  extrapolated 
from  15®  and  20*  to  25*. 

^  Nojres  and  assodates,  Tms  Jouknai.,  33,  1643,  1650,  1663,  1673,  1807,  1827, 
1836  (1911). 

'  Pofbes^  Ibid.,  33*  1937  (191 1). 
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Tabls  III.--Coij9rANT  [AgCl],  Variabi^b  [KCl]. 


£1 

Potential  found, 
[Ag'li- 0.0093 

Potential  calc. 
(Ag'l  -  1.000. 

is 

^i 

_  _• 

0 

X 

0 

1 

4.064 

0.5385 

0.6586 

0.0736 

0.632 

2.563 

3.17 

3.474 

0.5225 

0.6426 

0.1357 

0.641 

2.222 

3.34 

2.968 

0.5100 

0.6301 

0.2209 

0.650 

1.395 

3.06 

2.624 

0.4957 

0.6158 

0.3565 

0.658 

1.727 

3.17 

2.476 

.  0.4890 

0.6091 

0.500 

0.663 

1.642 

3.63 

2  055 

0.4738 

0.5939 

0.904 

0.679 

1.395 

3.43 

1.824 

0.4591 

0.5792 

1.603 

0.689 

T.257 

4.00 

X 


if 


•  • 


Tabi^  IV.— Constant  (AgClJ,  VariablS  [NaClJ. 

5.143  0.5378  0.6579  0.0748  0.389  2.000  1.20 

5.080  0.5357  0.6558  0.0812  0.392  I. 991  1.28 

3.690  0.4968  0.6169  0.1868  0.463  1.708  X.59 

3.262  0.4875  0.6076  0.3410  0.488  X.592  2.19 

2.504  0:4705'  0.5906  1.028  0.539  1.350  3-41 

2.454  0.4694  0.5895  1.098  0.543  1.332  3.4^ 

2.159  0.4617  0.5818  1.448  0.565  1.220  3.21 

X.808  0.4540  0.5741  1.955  0.592  1.070  2.57 

1.394  0.4458  0.5659  2.690  0.632  o.88x                       1.46 

I. 180  0.4405  0.5606  3.307  0.656  0.774                      1.53 

0.943  0.4348  0.5549  4.128  0.685  0.646                       I. II 

Curve  VI  those  in  sodium  chloride,  plotting  potentials  calculated  as 
against  normal  silver  ions  against  concentrations  in  mols  per  liter  only, 
as  the  mol  fraction  curves  would  cut  Curves  I  and  II  in  a  confusing  fashion. 
In  the  potassium  chloride  (Table  III)  total  silver  was  1.43  X  lo""*,  and 
in  the  sodium  chloride  (Table  IV)  3.73  X  10" •  mol/liter.  The  constants 
in  the  last  column  are  derived  as  follows,  using  the  unmodified  Law  of 
Concentration  Effect  for  this  first  approximation : 

[Ag+]  [C1-]  -  fei  [AgCn 

[AgCl][Cl-r  =  *a[AgCi:+,] 

Eliminating  (AgCl)  between  the  equations, 

[Ag-^]  [C1-]  ^  fa[AgCi;";,] 

ki  [Cl-]* 

But  as  the  total  silver  is  constant,  and  almost  equal  to  (AgClJJ  +  i), 
as  practically  all  the  silver  is  in  the  form  of  the  complex  ion,  we  have 

[Ag+][Cl-r+»   =  K, 

The  complex  ion  existing  above  1.7  AT  has  been  found  by  one  of  us^ 
to  be  AgCU'*',  whence  n  =  3.    The  degree  of  dissociation  is  taken  as 
»  F6rbes,  This  Journai,,  33,  1937  (1911). 
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A/A  00.  If  the  values  corrected  for  viscosity  were  used,  the  results  for 
potassium  chloride  would  be  little  changed,  but  no  approach  to  a  constant 
could  be  obtained  in  the  case  of  sodium  chloride.  This  work  with  constant 
sHver  concentration  was  interrupted  when  barely  begtm,  but  it  promises 
to  be  of  much  interest,  as  also  determinations  in  which  chloride  concen- 
tration is  kept  constant,  but  total  silver  is  varied,  which  would  help 
greatly  in  the  interpretation.  No  conclusion  can  at  present  be  drawn 
as  to  the  significance  of  the  difference  in  shape,  slope,  or  position  of  the 

two  curves  given. 

Summary. 

The  activity  of  chloride  ion  in  concentrated  solutions  of  sodium  and 
of  potassium  chloride  saturated  with  silver  chloride  is  calculated  from 
potential  measurements,  using  silver  electrodes,  and  a  junction  of  con- 
centrated potassium  nitrate,  to  eliminate  diffusion  potentials.  The 
solubility  product,  for  want  of  a  better  h3rpothesis,  is  assumed  constant, 
and  evidence  is  offered  to  show  that  its  variations  do  not  greatly  affect 
the  conclusions. 

The  values  obtained  by  this  method  are  always  smaller  than  those 
calculated  from  conductivities  except  in  the  most  concentrated  solutions 
of  sodium  chloride.  The  dissociation  calculated  from  them  reaches  a 
nunimum  at  1.7  N. 

Solutions  variable  in  alkali  chloride,  but  constant  in  silver  chloride, 
afford  results  supporting  the  h3rpothesis  that  the  complex  KaAgCU  exists 
in  concentrations  above  1,7  N. 


BQUILIBRIUM  IN  THE  SYSTEM  DISODIUM  HYDROGEN  ARSEN- 
ATE, LEAD  NITRATE,  AND  WATER  AT  25""  C. 

Bt  B.  B.  CuMtT  AND  T.  O.  Smitb. 
Received  April  30.  1915. 

In  the  course  of  an  investigation  of  commercial  lead  arsenates  the 
writers  experienced  the  need  of  more  definite  information  than  the'  litera- 
ture affords  concerning  the  theoretical  compounds  of  lead  and  arsenic 
add.  The  compounds  reported  by  previous  workers  have  evidently  been 
formed  under  ordinary  synthetic  rather  than  equilibrium  conditions.  The 
methods  of  preparation  in  most  cases  have  apparently  been  selected  with 
the  view  of  duplicating  those  used  by  the  manufacturer. 

The  most  important  source  of  arsenic  used  in  the  preparation  of  com- 
mercial lead  arsenate  is  disodium  hydrogen  arsenate.  This  is  the  cheapest 
source  of  arsenic  in  suitable  form.  The  lead  salts  used  are  the  nitrate  and 
the  acetate.  The  nitrate  is  given  the  preference  because  it  is  the  cheaper 
salt  on  the  basis  of  lead  content;  also,  because  the  product  formed  from  the 
nitrate  under  manufacturing  conditions  possesses  more  desirable  physical 
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properties  and  has  a  higher  arsenic  content.  For  practical  purposes  the 
data  secured  from  an  equilibrium  study  would  be  most  valuable  if  these 
salts  were  taken. 

The  composition  of  most  brands  of  commercial  lead  arsenate  is  very 
near  that  of  lead  hydrogen  arsenate.  They  contain,  in  general,  more 
lead  and  less  arsenic  than  the  theoretical  salt  and  are  said  to  be  mixed 
with  the  triplumbic  arsenate  in  varying  amotmts,  depending  upon  the 
method  and  conditions  of  manufacture. 

Lead  hydrogen  arsenate,  PbHAsO*,  contains  theoretically  64.28% 
PbO;  33.13%  AS2P6  and  2.59%  H^.  Triplumbic  arsenate,  Pb8(As04)2, 
contains  theoretically  74.42%  PbO  and  25.58%  AstOfi. 

The  thermostat  used  in  this  work  was  maintained  at  25  °  ^  0.2  ^.  The 
rotating  shaft  was  equipped  to  carry  the  botties  with  their  length  in  the 
plane  of  rotation,  so  that  the  contents  of  the  bottie  by  breaking  on  its 
ends  were  thoroughly  shaken.  The  salts  were  pure  disoditun  hydrogen 
arsenate,  NafiHAs04.7H20  and  pure  lead  nitrate,  Pb(N08)s.  For  con- 
venience in  making  up  the  bottles,  standard  solutions  were  prepared  and 
the  required  amount  of  each  measured  from  a  buret.  The  percentages 
were  computed  so  that  their  ccMtnbined  weight  was  2  g.  in  each  bottle. 
The  botties,  500  cc.  in  volume,  were  weighed  and,  after  the  standard  solu- 
tions had  been  measured  into  them,  water  was  added  to  make  the  total 
contents  450  g.,  as  shown  in  the  following  table: 

TABUt  I. 

Bottle. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

U 

15 

16 


%  AfliOi. 

G.  AaiOi. 

%  PbO.       G.  PbO. 

Total 
g.  salts. 

Total 
g.  contents 

5 

O.IO 

95              I 

90 

2.00 

450 

10 

0.20 

90              I. 

80 

2.00 

450 

20 

0.40 

80              I 

60 

2.00 

450 

25 

0.50 

75             I 

50 

2.00 

450 

26 

0.52 

74             1 

.48 

2.00 

450 

27 

0.54 

73             I. 

46 

2.00 

450 

28 

0.56 

72             I 

44 

2.00 

450 

29 

0.58 

71             I 

42 

2.00 

450 

30 

0.60 

70             I 

40 

2.00 

450 

31 

0.62 

69             I 

.38 

2.00 

450 

32 

0.64 

68             I 

37 

2.00 

450 

33 

0.66 

67             I 

34 

2.00 

450 

34 

0.68 

66             I 

32 

2.00 

450 

35 

0.70 

65             I 

30 

2.00 

450 

57 

0.74 

63             I 

.26 

2.CX> 

450 

40 

0.80 

60             I. 

.20 

2.00 

450 

The  botties  were  allowed  to  remain  in  the  thermostat  three  months. 
Doubtiess  equilibrium  was  reached  in  a  much  shorter  time.  They  were 
then  taken  from  the  rotating  shaft  and  allowed  to  stand  in  the  thermostat 
until  the  solid  phase  had  separated  out.  The  supernatant  liquid  was 
then  filtered  off,  the  solid  phase  being  left  in  the  botties.    The  arsenic  oxide 
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was  determined  in  100  cc.  portions  of  the  filtrates  by  the  usual  iodine 
method.    The  data  are  given  in  Table  II. 

Tablb  II. 


Bottle. 

I... 

2... 

3.. 
4.. 

5-.. 

6..: 
7... 

8... 


G.  AsfOs  in  100 
%  AaiOi.      cc.  61tntc. 


5 

lO 

20 

25 
26 
27 
28 
29 


0.0086 
0.0115 
0.0153 
0.0115 
0.0144 
0.0144 
0.0144 
0.0144 


Bottle. 

9.. 

10.  . 

11.  . 

12.  . 

13.. 
14.. 

15- • 
16.. 


%  AaiQk. 

.  30 

.  31 

.  32 

.  33 

•  34 
.  35 

•  37 
.  40 


G.  A«0»  in  100 
cc.  filtrate. 

0.0144 
0.0144 
0.0144 
0.0173 
0.0690 

0.1495 
0.2875 

0.5060 


The  above  data  are  plotted  in  Pig.  i,  using  as  ordinates  the  weight  in 
grams  of  AssOb  in  loo  cc.  of  the  filtrate  as  abscissae  the  percentage  of  AsjOs 
in  the  combined  weight  of  the  reacting  compounds. 

r/6i 


rs       if 

Per  Cent  AsjOs 

The  above  data  show  that  a  compound  is  formed  at  about  33%,  which  is 
the  AsiOg  content  of  lead  hydrogen  arsenate.  They  also  show  that  only 
one  compound  is  formed,  unless  the  solubilities  are  so  nearly  equal  as  not 
to  be  detected  by  a  change  in  the  curve.  In  order  to  show  that  other 
compounds  do  not  exist  in  an  equilibritun  of  these  salts  at  the  given  temper- 
ature, an  analysis  was  made  ol  the  solid  phase  in  several  of  the  bottles. 
To  procure  the  sample  for  analysis  the  bottle  was  taken  from  the  ther- 
loostat  and  the  solid  phase  was  poured  upon  a  suction  filter  by  aid  of  the 
nwdier  liquor  remaining  with  it.  The  mother  liquor  was  removed  as 
completely  as  possible  by  strong  suction.  The  solid  was  dried  and  the 
J^  determined  by  the  usual  method  of  weighing  the  sulfate.  Table 
HI  gives  tiie  results. 
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Tablb  III. 

Variatioii  from 
%  thtorctical  PbO  content 

Bottle.  PbO  found.  of  lead  hydrogen  anennte. 

3 65.49  +1.21% 

5 64.45  +0.17% 

8 64.66  +0.38% 

12 64.44  +0. 16% 

Conclusion. — In  the  system  disodium  hydrogen  arsenate,  lead  nitrate 
and  water  there  exists  at  25  ^  only  one  compound,  lead  hydrogen  arsenate. 

Nsw  Hamp8H»b  Bxfsrxmknt  Statiom, 

DUKKAM,    N.    H. 


[Contribution  from  thb  Dspartmbnt  of  PavaiCAL  Crvmistrt,  Princston  Uni- 
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THE  SOLUBILITY  CURVES  OF  SALT  HYDRATES: 

CALCIUM  NITRATE. 

By  Hugh  Stott  Taylor  and  Wiluax  Noland  Hsmosuom. 

Received  April  20.  1915. 

Systems  formed  of  two  components  have  attracted  considerable  at- 
tention from  phase  rule  investigators.  The  phase  relationships  of  S3rsteins 
composed  of  mixtures  of  salts  and  water  have  been  the  chief  object  of 
experimental  study.  They  may  broadly  be  classified  according  as  the 
components  separate  from  solution  in  the  pure  state  or  as  combination 
occtu's  between  them  with  the  formation  of  definite  compounds.  To  the 
latter  class  belong  the  salt  hydrates.  They  form  a  dass  of  extreme  im- 
portance, owing  to  their  frequent  occturence  in  the  field  of  inorganic 
chemistry.  Study  of  such  systems  leads  to  a  subdivision  of  hydrates 
into  two  classes,  those  possessing  a  definite  melting  point  forming  a  liquid 
phase  of  the  same  composition  as  the  soUd  hydrate  and  those  which  do 
not  so  behave. 

Of  the  latter  class  of  crystalline  hydrates,  which  show  no  true  melting 
point,  but  on  the  other  hand  a  transition  point,  the  classical  example  is 
sodium  sulfate  decahydrate,  NaiS04.ioHsO.  Below  32.4°  the  saturated 
sdution  exists  in  stable  equilibrium  with  the  salt  hydrate.  Above  that 
temperature,  solutions  are  in  stable  equilibrium  with  the  anhydrous  salt 
and  the  solubility  curve  shows  a  sharp  break  at  the  transition  temperature. 
At  this  temperature  partial  fusion  occurs,  during  which  the  temperature 
remains  constant.  This  is  no  true  melting  point,  however,  for  the  com- 
position of  the  liquid  pha^  is  not  the  same  as  that  of  the  original  solid. 
The  system  also  shows  unstable  solubility  curves.  For  example,  the 
curves  of  the  decahydrate  and  the  anhydrous  salt  may  be  continued  some 
distance  into  the  tmstable  region.  That  of  the  anhydrous  salt,  if  suffi- 
ciently prolonged,  meets  the  solubility  curve  of  the  unstable  heptahydrate, 
which  exists  in  equilibrium  with  solutions  of  higher  concentrations  than 
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those  in  equilibrium  with  the  decahydrate  at  the  same  temperature. 
This  phenomenon  is  characteristic.  The  solid  phase  which  is  stable  at 
the  given  temperature  has  the  least  solubility  at  that  temperattu'e. 

The  hydrates  of  ferric  chloride^  illustrate  effectively  the  case  of  hydrates 
possessing  definite  melting  points.  A  succession  of  hydrates  with  12,  7, 
5  and  4  molecules  of  water  possess  definite  melting  points  corresponding 
to  the  point  of  maximum  solubility,  in  composition  the  same  as  that  of 
the  solid  hydrate,  at  37**,  32.5**,  56®  and  73.5  ^  respectively,  and  solu- 
bility curves  with  retrc^ex  portions.  Definite  transition  temperatures 
exist  at  27.4°,  30°,  55**  and  66**,  at  which  the  stable  existence  of  the  next 
lower  hydrate  begins,  the  solubility  curves  showing  change  of  direction. 
The  solubility  curves  may  be  prolonged  into  the  unstable  regions. 

The  case  of  caldtmi  chloride  hydrates*  illustrates  another  point  in  the 
study  of  such  hydrates.  The  highest  hydrate  of  calcium  chloride,  the 
hexahydrate,  shows  a  definite  melting  point  similar  to  those  of  the  ferric 
chloride  hydrates  at  30.2^,  and  also  a  retroflex  portion  of  the  ciu^e.  As, 
however,  at  a  temperatiu-e  of  29.8**  the  tetrahydrate,  CaCl2.4H20a,  be- 
comes the  stable  solid  phase  in  equiUbrium,  it  is  obvious  that  the  solu- 
WKty  curve  of  the  hexahydrate  above  this  temperature  represents  metastable 
equilibrium  and  the  melting  point  of  the  hexahydrate  is  a  metastable 
melting  point  due  to  suspended  transformation. 

It  will  be  seen,  therefore,  that  true  melting  points  may  be  met  with  both 
in  the  stable  and  unstable  regions.  Now  certain  hydrates  have  been 
found  existing  in  two  or  more  crystalline  modifications,  the  one  stable, 
the  other  unstable,  over  a  given  range  of  temperatures.  The  tetrahydrate 
of  Gakium  chloride  shows  too  such  modifications,  an  a-  and  a  /9-form,  the 
fonner  stable,  the  latter  always  unstable.  Neither  of  these  forms  shows 
a  melting  point,  since  they  pass  through  a  transition  point  to  the  next 
lower  hydrate  before  the  melting  point  is  attained.  It  is  conceivable, 
however,  that  hydrates  should  exist  in  two  crystaUine  forms  each  possess* 
ing  a  definite  melting  point.  In  two-component  systems  other  than  salt 
hydrates  such  cases  are  known.  Two  such  cases  may  here  be  cited. 
The  system  iodine-chlorine*  forms  a  compound  ICl,  existing  in  two  crystal- 
Kue  modifications  each  possessing  a  definite  melting  point.  Further,  as 
has  been  shown  by  PhiUp,*  phenol  can  combine  with  p-toluidine,  forming 
an  equimolecular  compound  existing  in  two  crystalline  forms  melting  at 
28.5**  and  30**,  respectively. 

Recent  investigations  of  the  two-component  system  calcium  nitrate- 
water  have  tended  to  show  that  this  phenomenon  may  also  be  established 

^  Roozdxxm,  Z,  physik.  Chem.,  10,  477  (1892). 
'  Roozeboom,  Ibid.,  4,  31  (1889). 

*  9tortenbeker,  Ibid,,  3,  11  (1889). 

*  /.  Ckem.  Soc,,  83,  821  (1903). 
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in  the  case  of  salt  hydrates.  The  phase  relationships  at  various  tempera- 
tures from  — 28°  to  151**  were  investigated  by  one  of  the  authors  under 
the  direction  of  Bassett,  whereby  it  was  shown^  that  in  addition  to  ice 
and  the  anhydrous  salt,  three  hydrates  could  exist  in  stable  equilibrium 
with  the  saturated  solutions,  viz.,  with  4,  3,  and  2  molecules  of  water. 
The  first  two  hydrates  showed  true  meltii^  points  at  42.7^  and  51.1°, 
respectively,  the  last  a  transition  point.  Later  it  was  shown  by  Hassel* 
blatt,^  in  investigations  of  the  velocity  of  crystallization,  that  cadmium 
nitrate  tetrahydrate  cannot  be  inoculated  with  calcium  nitrate  tetrahy- 
drate,  but  that  the  cadmium  salt  readily  inoculates  the  melted  calcium 
salt.  It  was  therefore  concluded  that  two  forms  of  the  tetrahydrate  of 
calcium  nitrate  exist,  the  unstable  form  isomorphous  with  the  tetrahydrate 
of  cadmium  nitrate.  The  melting  points  of  the  two  forms  were  determined , 
and  gave  42.6^  and  39.7  ^  the  former  in  agreement  with  the  value  of 
Bassett  and  Taylor.  Obviously,  therefore,  to  the  phase  diagram  pre- 
viously established  there  could  be  added  the  solubility  curve  of  tmstable 
calcium  nitrate  tetrahydrate.  This  should  show  a  maximum  solubility 
corresponding  to  the  composition  of  the  soUd  phase  at  the  temperature 
of  39.7  °,  the  melting  point  of  the  substance  as  well  as  a  retroflex  portion 
of  the  curve.  To  establish  these  points  the  experimental  investigation 
of  the  solubility  curve  has  been  undertaken. 

Immediately  subsequent  to  the  publication  by  Bassett  and  Taylor  of 
the  results  of  the  investigation  of  the  two-component  system  calcium 
nitrate-water,  there  appeared  a  communication  by  D'Ans'  on  the  solubility 
isothermals  of  the  alkali-earth  nitrates  in  alcohol-water  mixtures.  It 
was  shown,  inter  alia,  that  calcium  nitrate  existed  at  25  ^,  in  stable  equil- 
ibrium with  the  various  solutions  as  tetrahydrate,  anhydrous  salt  and 
alcoholate,  Ca(NOs)t.2C2HiOH.  It  is  remarkable  that  neither  of  the 
two  lower  hydrates  were  discovered,  as  it  is  generally  found  that  the  de- 
hydrating action  of  the  alcohol  passes  successively  through  the  stages  of 
hydrates  fotmd  in  the  two-component  system.  Further,  the  metastable 
solubilities  of  the  anhydrous  salt  in  various  alcohol-water  mixtures  and 
in  pure  water  were  given.  For  the  latter  a  value  of  82.5  g.  Ca(N03)s  per 
100  g.  solution  was  given.  The  work  of  Bassett  and  Taylor  had  shown 
that  between  50^  and  151  ^  the  boiling  point  of  the  sativated  solution,  the 
solubility  cturve  of  the  anhydrous  salt  ran  practically  parallel  to  the  axis 
of  temperature  and  that  at  the  highest  temperature  the  solubility  amounted 
to  79.0  g.  per  100  g.  solution.  If  the  figure  of  D'Ans  be  correct  the  curve 
of  the  anhydrous  salt  in  the  unstable  region  must  show  a  very  sharp  change 
of  direction  below  50°,  or  in  other  words  the  heat  of  solution  in  the  almost 

•  /.  Chem.  Soc.,  loi,  576  (1912). 

•  Z.  physik.  Chem.,  83,  i  (1913). 

•  Ibid,,  8a,  35  (1913). 
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saturated  solutioii  must  undergo  a  very  Budden  change  in  the  region 
25~5o^  which  seem^i  however,  little  likely.  To  test  this  point,  a  de- 
tennioation  of  the  scdubility  of  the  anhydrous  salt  at  25^,  was  made. 

Experimental. 
The  saturated  solutions  anal3rzed  in  the  experiments  on  the  unstable 
tetrahydrate  solubility  curve  were  all  porepared  from  supersaturated 
soltttioos  from  which  all  germs  of  the  stable  hydrate  were  removed  by 
maintenance  at  a  temperature  of  50-60°,  for  a  period  of  time.  Crystal- 
lization was  induced  in  the  solutions  by  inoculation  with  a  small  crystal 
of  cadmium  nitrate  tetrahydrate  and  the  solution  allowed  to  come  into 
equOibritmi  with  the  solid  phase  by  standing  in  the  thermostat  at  the 
desired  temperature,  which  could  be  controlled  to  0.05®.  This  procedure 
was  adopted  owing  to  the  instability  of  the  j9-tetrahydrate  and  the  readi- 
ness with  which  it  changed  to  the  a-form  when  attempt  was  made  to 
isolate  it.  In  all  cases  separate  concordant  determination  of  the  various 
pomts  were. obtained. 

Prom  the  temperature  of  30^  upwards  the  attainment  of  equilibrium 
was  comparatively  easy  and  reproducible  figures  readily  obtainable. 
Below  this  temperature  the  values  obtained  show  great  uncertainty,  this 
being  due  to  the  readiness  with  which  the  tmstable  modification  changes 
to  the  stable  form.  Before  equilibrium  between  saturated  solution  and 
unstable  hydrate  could  be  attained,  the  change  in  the  soUd  phase  consis- 
tently occurred  and  the  solution  underwent  the  corresponding  change  in 
concentration.  The  stable  solubility  curve  of  Bassett  and  Taylor  has 
been  re-checked,  and  in  one  or  two  cases  minor  changes  in  the  values  of 
the  solubilities  have  been  ]|lade# 

The  s(dution  in  equilibrium  with  the  anhydrous  salt  at  25  ^  was  pre- 
paied  by  evaporating  a  solution  of  the  salt  until  salt  just  began  to  separate 
at  the  boiling  point  (151^).  The  mixture  thus  obtained  was  cooled  to 
25^,  stirred  for  several  days  and  the  solid  phase  finally  allowed  to  settle. 
The  dear,  viscous  liquid  thus  obtained  was  then  analyzed. 

In  all  cases  the  analysis  was  made  by  weighing  as  oxide  after  precipita- 
tion as  oxalate. 

Precautions  were  taken  to  ensure  purity  of  material  similar  to  those 
previoasly  employed.  The  solution  of  a  high-grade  calcium  nitrate  was 
treated  with  a  considerable  excess  of  pure  and  freshly  ignited  calcium 
onde.  The  mixture  was  shaken  frequently  for  several  days  and  then 
filtered.  In  this  way  magnesium  salts  were  removed  as  hydroxide.  The 
sohitioa  was  then  neutralized  with  nitric  acid  and  eyaporated  to  the 
crystallization  point. 

The  data  obtained  from  the  analyses  of  the  various  solutions  at  the 
various  temperatures  are  compiled  in  Table  I. 
The  point  on  the  reflex  portion  of  the  unstable  solubility  curve  entailed 
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considerable  trouble  in  attainment.  After  repeated  trials  a  solution 
obtained,  of  the  composition  anal3rzed,  in  equilibritun  with  the  unstable 
hydrate.  That  the  solid  phase  was  the  unstable  form  was  shown  by- 
bringing  to  the  equilibrium  mixture  a  aystal  of  the  stable  hydrate.  This 
resulted  in  a  rapid  change  of  the  equilibrium  with  separation  of  a  considera- 
ble bulk  of  solid  phase.  It  will  be  noted  how  considerable  the  change 
in  concentration  on  the  retroflex  portion  of  the  curve  for  small  variaticxti. 
of  the  temperature,  in  other  words,  how  flat  the  curve  is  around  the  maxi- 
mtmi,  corresponding  to  considerable  dissociation  into  the  components. 

Table  I. 


Temperature. 

100  g.  of  aotud 

on.     of  the  solid  phase. 

ObMrrer. 

0 

50.17 

aCa(NC)i)t.4HiO 

T.&H. 

32. > 

56.88 

«Ca(NO,),4H,0 

T.  &  H. 

25  »o 

57.90 

aCk(NOs)t.4HtO 

T.&H. 

30.0 

60.16 

aCa(NOt)t.4HfO 

T.&H. 

30.0 

61.57 

/3Ca(NO,),.4H,0 

T.&H. 

34.0 

63.66 

/3Ca(NO,),.4H,0 

T.&H. 

35.0 

62.88 

aCa(NC)i)t.4HtO 

B.  &T. 

38.0 

64.34 

aCa(NOt)t.4HtO 

T.&H. 

38.0 

66.65 

/5Ca(NO,),.4H.O 

T.&H. 

39.0 

67.93 

/5Ca(NO,),.4H^ 

T.&H. 

39.6  (m.  p.  of  hydrate) 

69.50 

/5Ca(NO,),.4H,0 

T.&H. 

39.0  (reflex  pt.) 

75.34 

/5Ca(NO,),.4H,0 

T.&H. 

40.0 

66.21 

aCa(NO,)i.4H,0 

B.&T. 

4ii .  7  (m.  p.  of  hydrate) 

69.50 

aCa(NOi),.4HtO 

B.&T. 

42.4  (reflex  pt.) 

71.70 

«Ca(N0t)i.4U^ 

B.&T. 

25.0 

77.30 

Ca(NOa). 

T.&H. 

Discussion  of  the  Results. 

The  results  from  the  investigation  are  expressed  graphically  in  Fig.  i. 
For  the  sake  of  completeness  and  to  facilitate  the  foQowing  discussioa 
the  whole  curve  has  been  drawn  emplo3ring  the  data  of  Bassett  and  Taylor. 
The  new  material  communicated  in  the  present  paper  is  also  plotted,  for 
the  sake  of  clearness,  on  a  large  scale  to  the  right  of  the  complete  curve. 
It  wiU  be  seen  that  the  two-component  system  calcium  nitrate-water 
forms  a  very  interesting  example  of  phase  equilibria,  in  that  by  use  of  it 
alone  all  the  various  possible  types  to  be  met  with  in  phase  relationships 
of  salt  hydrates  may  be  illustrated.  Curve  OA  represents  the  ice  curve 
and  point  A  the  cryohydric  point.  Curves  ABC  and  CDE,  representing 
the  solubility  curves  of  the  a-tetrahydrate  and  trihydrate,  exemplify  the 
case  of  hydrates  with  a  true  melting  point  such  as  are  found  with  the 
ferric  chloride  hydrates.  Ciu^re  AiBiCi,  that  of  the  /9-tetrahydrate, 
illustrates  the  solubility  curve  of  a  metastable  hydrate  with  a  metastable 
melting  point,  similar  to  that  obtained  with  calcium  chloride  hexahydrate. 
The  dihydrate,  represented  by  Curve  EP,  illustrates,  like  sodium  sulfate 
^ecahydrate,  the  class  of  hydrates  which  show  no  true  melting  points  but 
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transfticii  points  where  partial  lusicut'Ocaurs  with  tiie  fonaootion  of  an- 
hfdnms  salt  and  saturated  solution.-  Tlie  whole  diagrami  therefore, 
shows  a  sitccesston  of  stable  hydrates,  a  metastaUe-  hydrate,  true  meltiQg 
points,  a  metastaUe  mriting  point,  atable  and  metastable  retroflex  solu- 
bility curves. 


Temperature. 


sS        40       45 

Temperature. 


An  interesting  point  may  here  be  emphasized  with  regard  to  the  solu- 
bility curves  of  unstable  hydrates  possessing  a  melting  point  and  retroflcK 
solubility  curves.  As  is  well  known,  the  solid  phase  most  stable  at  the 
temperature  of  the  experiment  has,  at  that  temperature,  the  least  solu- 
bility. This  is  true  even  on.  the  retroflex  portions  of  the  curves,  although, 
as  can  be  seen  from  the  diagram,  the  concentration  in  grams  of  anhydrous 
salt  per  loo  g.  of  solution  is  greater  in  the  case  of  the  stable  hydrate. 
Since,  however,  the  calcium  nitrate  content  of  the  solid  hydrate  is  less 
than  that  of  the  saturated  solutions  on  the  retroflex  portions  of  the  curve, 
it  follows  that  the  unstable  hydrate,  having  in  accordance  with  the  theory 
the  greater  solubility,  wUl  give  rise  to  saturated  solutions  less  rich  in  the 
anhydrous  salt  than  those  given  by  the  stable  form  at  the  same  tempera- 
tuxe. 

Attention  may  here  be  directed  to  the  method  described  by  Foote,^ 
for  the  determination  of  the  hydrates  formed  by  a  salt.  The  method  de- 
scribed for  sulfuric  add  is  capable  of  extension  to  salts  of  other  acids 
using  the  corresponding  add  as  dehydrating  agent.  For  example,  in 
this  connection  it  was  shown  by  Bassett  and  Taylor  that  while  in  aqueous 
solutions  the  calcium  nitrate  dihydrate  was  difficult  to  prepare  and  stable 
over  a  short  range  of  temperature  only,  stUl  at  25  ^,  it  was  readily  obtained 
and  existed  in  stable  equilibritun  over  a  considerable  range  of  nitric  add 

*  T1118  JoTTRNAL,  37, 388  (1915). 
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concentrations.  Similarly,  the  three-component  system  BttClr*HCl**HsO 
studied  by  Schreinemakers  at  30^^  illtistrates  the  use  of  faydrodiloric 
add  to  the  same  pmpose.  Indeed  the  method  can,  generally  speaking, 
be  recommended  before  the  study  of  the  two-component  sjrstem  whenevei' 
there  is  considerable  tendency  to  formation  of  concentrated,  viscxMis, 
aqueous  solutions,  provided  of  coarse  that  add  salts  are  not  readily  formed. 
Finally  it  may  be  observed  that  the  solubility  of  the  anhydrous  salt  at 
25^  corresponds  to  those  obtained  by  Bassett  and  Taylor  at  the  higher 
temperatures  and  not  with  that  obtained  by  D'Ans  as  previously  men- 
tioned. 

PUMCBTON.  N.  J. 


[Contribution  prom  the  Dbpartmbnt  op  Chsbostry  op  Johns  Hopkins  Univbrsity.  ] 

RADIOMETRIC  MEASUREMENTS  OF  THE  IONIZATION  CON- 
STANTS OF  INDICATORS.* 

[S]E(COND  COMBiXTNICATIGN.  ] 
Bt  M.  G.  Paulus,  J.  P.  HuTCHmsoM  and  Haxxt  C.  Jomss. 

Received  May  1.  1915. 

An  investigation  of  the  ionization  constants  of  methyl  orange  and  phenol- 
phthalein  has  already  been  published  in  This  Journai^  by  Shaeffer,  Paulus 
and  Jones.'  In  this  paper  a  new  method,  based  upon  the  absorption  of 
light  by  solutions  of  indicators,  was  developed  for  the  determination  of 
the  constants  of  indicators.  It  was  ^own  that  this  metiiod  serves  as 
well  for  a  two-colored  as  for  a  one-colored  indicator.  The  work. recorded 
herein  is  to  be  regarded  as  a  continuation  of  the  original  investigation, 
and  the  purpose  is  to  test  the  applicability  of  the  method  to  the  determina- 
tion of  the  ionization  constant  of  rosolic  acid.  A  descr^tion  of  the  ap- 
paratus used  has  already  been  given  in  detail  in  the  original  paper. 

Theoretical  Discussion. — Considering,  first  of  all,  that  rosolic  add  is 
monobasic,^  the  ionization  constant  Kj,  is  expressed  by  the  simple  equil- 
ibrium equation 

-^5^=K.  (X) 

(HIn)  ^ 

If,  then,  the  hydrogen  ion  concentration  of  the  indicator  solution  is  fixed, 

the  ratio  (In)/(HIn)  at  equilibrium  can  be  determined.     It  has  been 

shown  in  the  original  paper'  that  the  percentage  transmission  of  a  solution, 

such  as  that  of  rosolic  acid,  containing  two  absorbing  components  is  given 

by  the  equation 

*  Z.  physik.  Chem.,  68,  89  (1909). 

*  This  investigation  has  been  carried  out   with  the  aid  of  a  g^rant  from  tile 
Carnegie  Institution  of  Washington  to  H.  C.  Joaes. 

»  Tms  JournaLp  37, 776  (1915). 

^  The  behavior  of  rosolic  acid  as  a  dibasic  add  will  be  discussed  later. 

*  Loc.  cU, 
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In  (I/U)  *  ~  KU -n  KVi,  (2)    . 

ifbaie  c  and  ci  are  the  cdticentratio&s  of  tiie  two  abpoiMng^eoiapoiMiKiii 
and  K  and  K'  are  conatants  depending  npon  the  natme  of  tke  abaorMug 

components  and  the  wave-length  of  light  employed.  Applying  this  equa- 
tion to  rosolic  add,  let  c  represent  the  concentration  of  the  red  component, 
or  (In)  in  Equation  i,  and  let  ci  represent  the  concentration  of  the  yellow 
component  or  (HIn).  Equation  2,  then,  will  represent  the  percentage 
transmission  for  some  given  depth  of  an  incompletely  transformed  solution 
of  rosolic  add.  In  a  solution  containing  a  large  excess  of  add  c  »  o, 
and  Equation  2  becomes 

hi  (I/Io)'  =  —  K'ci  =  -K'T.  (3) 

If  a  large  excess^  of  alkali  is  added  to  the  indicator  solution  Cx  —  o,  and 
Equaticw  2,  reduces  to 

hi  (I/Ip)'  »  — Kc  «  —  KT,  (4)  . 

where  T  equals  the  total  conotntration  of  the  iodkator  in  3Qhtti(m«  If 
the  percentage  transmissions  are  delensiiied  for  the  same  depth  of  sdutioa 
and  for  the  same  wave-length  of  Ught,  and  if  the  total  conoentration  of  the 
indicator  is  the  aame  in  all  solutions^  then  the  values  ol  the  oonstaAtf 
Kand  K'  given  by  Equations  a  and  4,  can  be  subatituJbed  in  Equation  a; 
wiience  r 

T  X  In  (I/Io)  «  hi  (l/uy  X  cr  -fin  (I/la)'  X  €v  (5) 

Since  the  total  concentration  of  the  indicator  T  is  always^  equal  to  tlif 
sum  of  the  two  components,  T  »  c  +  ci,  Equation  5  reduces  to : 


_  ln(I/Io)^-ln(I/Io) 
'/'^  '  hi(I/I<,)-hi(I/Io)'-  ^^^ 


The  ratio  c/ci  =  (In)/(HIn)  can  be  determined  from  Equation  ti!. 
(I/Io)  is  the  percentage  transmission  for  some  given  depth  of  the  in- 
completdy  transformed  solution  tmder  investigation,  for  some  wave- 
length of  Ught;  (I/Io)'  the  percentage  transmission  of  the  indicator  solu- 
tion completely  transformed  into  the  ydlow  component,  for  the  same 
wave-length;  and  (I/I©)'  the  percentage  transmission  for  the  same  depth 
of  indicator  solution  completdy  transformed  into  .the  red  component, 
for  the  same  wave-length  of  light.  The  total  concentration  of  the  indicator 
in  these  three  solutions  must,  of  course,  be  the  same,  but  the  total  con- 
oentration  need  not  be  known.  ^  .  . 

Returning  now  to  Equation  i,  the  method  of  obtaining  all  the  data 
necessary  for  calculating  the  ionization  constant  is  known,  except  that  for 
determining  the  concentration  of  the  hydrogen  ion.  .^This  was  fixed  by 
sdutions  of  disodium  phosphate  containing  varying  amounts  of  hydro- 

'  By  "a  lar:ge  excess"  is  meant  sufficient  alkali  to  convert  the  indicator  ealiit4|r 
into  its  red  component. 
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chloric  add.  The  addition  of  hydrochloric  add  converts  the  hydrophos- 
phate  ion  almost  quantitatively  into  the  dihydropihosphate  ion.  The 
hydrogen  ion  oonccntration  is  given  in  such  a  ^odution  by 

(HPOO 
If  we  represent  by  a,  the  concentration  of  the  added  hydrochloric  add, 
and  by  b,  the  concentration  of  the  disodium  phosphate,  then  Equation  7 
becomes 

H+  =  1-95  X  10^^  X  aai^  .gv 

(6  —  a)ai 

where  ai  and  a^  represent,  respectivdy,  the  dissodations  of  the  mono> 
and  disodium  phosphates  present  at  equilibrium. 

If  the  quantity  of  disodium  phosphate  in  the  solutions  investigated  is 
alwiays  kept  the  same^  the  hydrogen  ion  concentration  can  be  varied  simply 
by  the  addition  of  different  amounts  of  hydrochloric  add.  In  this  case 
the  total  salt  concentration  is  constant.  This  is  extrsmdy  desirable,  as 
it  has  been  shown  by  Rosenstein,'  that  neutral  salts  have  a  great  effect 
upon  the  fraction  of  the  indicator  transformed.  The  value  of  the  ioniza- 
tion constant  in  the  case  of  phenolphthaldn  is  doubled  by  increasing  the 
total  salt  concentration  from  0.03  to  0.40  N. 

Preliminary  Work  on  RosoUc  Acid. — Three  stock  solutions  were  pre- 
pared, tdl  solutions  being  made  up  at  30^  with  conductivity  water.  The 
stock  solution  of  disodium  phosphate  was  prepared  from  a  pure  sample 
of  standard  make.  Its  concentration  was  0.1036  g.  molecules  per  liter, 
the  concentration  being  determined  gravimetrically  as  magnesium  pyro- 
phosphate. The  concentration  of  the  stock  solution  of  hydrochloric  add 
was  0.08085  N.  The  stock  indicator  solution  was  prepared  by  dissolving 
about  0.4  g.  of  an  excdlent  sample  of  rosolic  add  in  two  liters  of  conduc- 
tivity water.  The  total  quantity  of  the  indicator  did  not  dissolve,  but 
as  has  been  previously  explained,  it  is  not  necessary  to  know  the  con- 
centration of  the  indicator  employed. 

The  incompletdy  transformed  solutions  to  be  tested  were  prepared 
from  the  stock  solutions,  so  that  all  contained  the  same  amounts  of  in- 
dicator and  disodium  phosphate,  but  different  amounts  of  hydrochloric 
add.  This  procedure  was  followed  to  keep  the  total  salt  concentration 
the  same  in  all  solutions.  The  volume  of  eadi  solution  was  100  cc.  The 
percentage  transmissions  (I/Io)  were  taken  with  a  20  mm.  depth  of  each 
solution,  and  for  the  same  five  wave-lengths  of  light.  As  explained  in  the 
original  artide,'  the  percentage  transmissions  were  determined  by   a 

^  The  value  of  the  constant  was  taken  from  the  work  of  Abbott  and  Bray,  This 
JOUKKAL,  31,  760  (r^o^). 

*  This  Joxtrnal,  34*  1128  (1912);  see  also  Ibid,,  37,  S04  (1915)* 
\Lac.  cii. 
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methodi  wliidi  avoided  the  necessity  of  introducitig  certain 
conection  factors  due  to  the  glass  ends  with  wfaidi  the  cells  were  provided. 
A  consideration  of  Equation  6  will  show  that  the  method  of  calculating 
the  ratio  of  the  red  to  the  yellow  component  of  any  incompletely  trans- 
formed indicator  solution,  not  only  depends  upon  the  transmission  of  the 
solution  under  investigation,  but  also  upon  the  transmission  of  an  indicator 
solution  containing  a  large  excess  of  add  in  whidi  the  indicator  is  totally 
transformed  into  its  yellow  constituent;  and  also  upon  the  transmission 
of  an  indicator  scrfution  containing  a  large  excess  of  alkali  in  which  the 
indicator  is  totally  transformed  into  its  red  component.  Table  I  gives 
the  results  of  a  series  of  measurements  made  upon  the  indicator  solution 
Gontaining  an  excess  of  alkali.  All  solutions  contain  50  cc.  of  the  stock 
solution  of  rosolic  add,  plus  the  amount  of  N  NaOH  indicated  in  the 
table,  the  solutions  being  in  all  cases  diluted  to  100  cc.  The  percentage 
transmissions  are  given  for  five  wave-lengths  of  lij^t  between  X  «■  0.56/A 
and  X  «*  0.58/i,  whidi  is  the  r^on  of  the  spectrum  employed  throughout 
this  investigation.  In  certain  cases,  the  results  of  duplicate  measurements 
are  given,  which  indicate  in  a  general  way  the  accuracy  of  the  restdts. 

Tablv  I. 
(I/Ie)  —  depUi  of  aokitloa  equals  so  mm. 

1.        2.  3.  4.  5.  6.  7.  8.  9.  10. 

0,5  cc.  N  KmOH. 

\  ■  After    After     After      After      After  After  5  hn.         After  24  hn.       after 

A,  U.  5  Bin.  10  mill.  20  min.  30  orin.  55  min.  ■»        «'"      ^        '  »      24 


3598  23.6  16. 1  13. 5  10.7       9.08  7.55       6.25     6.37       6.53     6.^  9.16 

$648  36.1  30.6  27.4  22.6  ao.o  20.0  17. o    16.7  17.6   *x6.7  19.x 

3698  52.3  44-3  44.2  38.8  37.9  37.0  34-5     34-5  33-2     32.2  35.6 

374^  64.8  60.6  5S.3  55.6  52.8  51.4  52.4    50.7  49.3     48.7  50.7 

5798  77.0  73.3  71. 1  68.4  64.1  64.8  66.6    66.2  63.5     63.7  66.3 

G>lumn  2,  Table  I,  gives  the  percentage  transmissions  of  an  indicator 
sohition  containing  0.5  cc.  N  NaOH,  the  transmissions  being  determined 
within  a  short  time  after  the  solution  was  prepared.  Columns  3  to  7, 
indusive,  give  the  percentage  transmissions  after  the  same  solution  had 
stood  for  various  intervals  of  time  up  to  55  minutes.  Columns  8  and  9 
give  the  percental  transmissions  of  new  indicator  solutions  containing 
the  same  amount  of  indicator  and  alkali,  after  these  solutions  had  stood, 
respectively,  for  5  to  24  hours.  It  will  be  observed  that  the  percentage 
transmissions  for  any  given  wave-length  of  light  become  constant  after 
the  solutions  have  stood  between  i  and  5  hours. 

The  fact  that  solutions  of  rosolic  add  containing  an  excess  of  alkali 
become  less  and  less  transparent  to  yellow  light  on  standing,  dearly  indi- 
cates that  the  concentration  of  the  red  component  (In)  present  is  be- 
coming greater  and  greater,  with  a  resulting  decrease  in  the  concentration 
of  the  ydlow  component  (HIn),  since  the  greater  the  concentration  of  the 
red  component  the  more  opaque  the  solution  becomes  to  ydlow  light. 
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,  Aoqarding  to  thft  .most  receipt  views^  poqcemiog  tfa^  Qau9^  of  color  pro- 
dtictioa  jof  ixMiicatprs  of  the  aunne  type,,  the  color  is  uot  due  simply  to  the 
presence  of  s^  cpiinoid  group  as  such,  but  to  an  inter-  or  intramcdecular 
combination  o{  the  metallic  phenolate  with  the  quinoid  complex^  It  is 
very  probably  true,  in  the  case  of  rosolic  acid,,  that  this  combination  ber 
t^een  the  metallic  phenolate  and  the  quinoid  complex  takes  .place  rather 
slowly,  with  a  co^esponding  intei^ification  of  the  red  color. 

,  It  will  be  obs^erved  that  the.  transmission  values  recorded  in  Column  io» 
Table  I,  of  an  indicator  solution  containing  3  cc  N  NaOH  are  considerably 
higher  than  those  Recorded  in  Columns  8  and  9,  for  a  sohition  containing 
0,5  oc.  N  NajOIL  In  both  cases  the  solutions  have  come  to  equilibrium^ 
since  it  has  been  shown  that  equilibrium  is  established  after  the  solutions 
have  stood  between  •!  and  5  hotu-s.  When  very  much  laxger  amounts  of 
alkali  are  added  (say  10  cc),  a  v^ry  perceptible  bleaching  takes  place. 
In  solutions,  then,  containing  an  excess  of  sodium  hydroxide  two  opposing 
reactions  take  place :  first,  a  gradual  inteasifiai^tion  of  the  red  color  brought 
about  very  probably  by,  a  time  reaction  between  the  metallic  phenolate 
and  the  quinoid  complex;  ^d  second,  a, bleaching  of  the  red  color  which 
is  greater  the  larger  the  amount  of  the  alkali  added.  Since  it  is  necessary 
to  know  the  true  percentage  transmission  (I/Ia)''  of  a  solution  completely 
transformed  into  the  red  component,  in  order  to  determine  the  ratio 
c/ci  (see  page  1695),  it  follows  that  the  bleaching  must  be  avoided.  This 
result  can  be  obtained  by  keeping  the  concentration  of  the  alkali  as  small 
as  possible,  oiily  adding  sufficient  to  transform  completely  the  indicator. 
The  obvious  method  was  to  increase  gradually  the  hydroxyl  ion  concen- 
tration, tmtil  the  solutions  were  shown  to  be  completely  transformed. 
Table  II  gives  the  restUts  of  such  a  determination.  All  solutions  contain 
50  cc.  of  the  stock  solution  of  indicator,  plus  the  amount  of  disodium 
phosphate  and  hydrochloric  acid  indicated  in  the  table.  All  solutions 
were  allowed  to  stand  a  sufficient  length  of  time  for  equilibrium  to  be 

established* 

Tablb  II. 
(I/Io  *)  —  depth  of  solution  equals  20  mm^ 

1.  2.  3.  4. 

25  cc.  NaiHPOi.  25  cc.  NatHP04.  25  cc.  NaaHP04.  25  cc.  NsaHPOt. 

1  cc.  HCl.  0.5  cc  HCl.  0  cc.  HCl.  0  cc.  Ha. 

.                       A/ter  24  hrs.  After  48  hrs. 

X i«  A.  tJ.             .'  '        "  Aftor  48  brs.          «  ■          *  After  96  hrs. 

•    '      5598  4.44     4.55  4.68  4.68     4.76  5.00 

5648  13.7      14.0.  II. I  10.8      II. O  9.6 

5698  22.8      22.8  19.4  19.4      18.^  19.0 

57if8  40.0     40.0  33.3  34.1     34.9  34.5 

5798  51.6     51.0  48.4  48.4     49.4  48.8 

Solution  I,  Table  II,  in  which  the  hydrogen  ion  concentration  is  0.8266 
X  ;o"*,  g^ves  higher  values  for  the  percentage  transmissions  than  solu- 
*  /tw.  Chem^  /.,  3i)>  537,  650^  and  651  (1908).  .     .. 
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tkms  2  and  3,  in  which  the  hydrogen  ion  concentrations  are,  respectively, 
0.4157  X  10-*  and  0.043  X  lo^'.  This  shows  that  Solution  i  is  not 
omipletely  tranrformed,  since  an  increase  in  the  red  component  and  a 
corresponding  decrease  in  the  yellow  component  make  the  Solution  more 
opaque  to  ycdlow  light.  Solution  2  must,  however,  be  completely  trans- 
formed since,  when  the  hydrogen  ion  concentration  is  still  further  de- 
creased as  is  the  case  in  Solution  3,  the  transmission  values  remain  the 
same.  The  values  of  the  percentage  transmissions  recorded  in  Columns 
2, 3  and  4  are  the  values  to  be  substituted  for  (I/Io)*  in  Equation  6. 

In  order  to  ascertain  if  this  same  decrease  in  the  transmissions,  cor- 
responding to  an  increase  in  the  red  component,  would  take  place  on  stand- 
ing with  solutions  of  indicators  which  are  incompletely  txansfontied, 
four  solutions  were  prepared  containing  in  100  00.-50  oc*  rosolic  add, 
25  cc.  Na«HP04  and  i  cc.,  5  tic.,  10  cc.  and  15  cc.  of  HCl,  respectively. 

In  Table  III,  are  given  the  percentage  transmissions  for  a  depth  equal 
to  20  mm.  of  the  above  series  of  solutions.  The  transmissions  were  de- 
termined after  the  solutions  had  stood  for  intervals  of  5,  16  and  24  hours. 
The  transmission  values  recorded  in  Columns  i  and  3  were  determined 
with  the  same  series  of  solutions*  A  new  series  of  solutions  were  prepared 
for  the  16-hour  determination,  the  results  of  which  aie  recorded  in  Column 
2.  Solution  I  was  not  made  up  for  this'  determination.  Duplicate  meas- 
urements are  given  in  every  case. 

ThMlM  III. 
(I/Io  )  —  depth  of  solution  equals  ao  n«i. 


SoluUop.                       X 

-A,  u. 

1. 
After  5  hrs. 

*      2. 
Atter  16  hrft. 

3. 
After  24  lirs. 

■ 

-     ^ 

5598 

16.7   16.3 

•    •                 •    • 

4.44 

4-35 

5648 

32.7  30.2 

•    •                 •    • 

13-7 

14.0 

No.  I  containing  i  cc.  HCl     ^ 

569S 

42.8  43.2 

•    •                 •    ■ 

22.8 

22.8 

Has  25  cc  NatHPO^ 

5748 

59.1  57.4 

• 

•    4                      •    « 

40.0 

40:0 

15798 

69.7  70.3 

•    •                      •    • 

31.6 

5i»^ 

5598 

30.8  50.8 

35.7    25.0 

•  26.4 

26.4 

5648 

39.3  39.6 

35.4  3^-9 

37.6 

33.7 

No.  2  contaming  5  cc.«HCl     \ 

5698 

52.6  51.7 

48.3  40.0 

50.0 

49-3 

Hbs  25  cc.  NatHP04 

5748 

66.1  64.5 

60.8  60.7 

60.3 

59.4 

.5798 

72.7  74.3 

71.0  71.0 

70.7 

70.6 

5598 

49.0  49.0 

50.7  507 

49  0 

49.1 

' 

5648 

57.8  57. 8 

6o;0  39.3 

60.0 

58.8 

No.  3  contaming  10  cc.  HCl   < 

5698 

66.7  68.3 

68,7  68.7 

70.6 

70.-6 

nns  25  cc  NatHPOi 

5748 

73.8  73.4 

78.5  77.7 

76.2 

77.4 

5798 

83.3  83.6 

84.2   84.2 

84.4 

83.0 

5598 

66.1  67.3 

68.0  67.2 

67.3 

67.8 

5648 

72.4  74.1 

74.9  74.3 

76.4 

76.4 

No.  4  containing  15  cc.  HCl    < 

5698 

81.6  80.3 

81.3  80.4 

81.0 

79-5 

Whs  25  cc.  NaaHPOi 

5748 

83.2  83.2 

87.2   87.2 

83.5 

85.5 

.5798 

88.2  89.4 

90.2  90.2 

87.7 

87.8 
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An  examination  of  the  transmission  values  recorded  for  Sdutions  x 
and  2,  Table  III,  show  that  a  decrease  in  the  transmissions  of  incompletely 
transformed  solutions  of  rosolic  add  also  takes  place  on  standing.  Solu- 
tion 2,  in  which  the  hydrogen  ion  concentration^  is  4.484  X  10"',  has  cotne 
to  equilibrium  between  5  and  16  horn's,  as  is  shown  by  the  fact  that  the 
transmission  values  become  constant  after  16  hours.  In  Solutions  3  and 
4,  in  which  the  hydrogen  ion  concentrations  are,  respectively,  10.53  X  lo""* 
and  19.52  X  io~^,  equilibrium  was  established  before  standing  5  hours. 
This  points  to  the  conclusion  that  in  the  incompletely  transformed  solu- 
tions of  the  indicator,  the  more  alkaline  the  solution  the  greater  the  time 
before  equiUbrium  is  established. 

Results  with  Rosolic  Add. — For  the  first  determination  of  the  indi- 
cator constant  Ki,  solutions  were  used  containing  in  100  cc,  50  cc.  rosolic 
add,  25  cc.  NaiHPOi  and  5,  10  and  15  cc.  HCl,  respectively. 

These  solutions  were  prepared  from  the  stock  solutions,  and  solutions 
were  allowed  to  stand  for  24  hours,  which  time,  according  to  the  results 
of  the  preliminary  work,  was  amply  sufficient  for  equilibrium  to  be  es- 
tablished. In  Table  IV  are  given  the  percentage  transmissions  for  a  depth 
equal  to  20  mm.  of  each  of  these  solutions,  the  values  being  in  every  case 
the  average  of  two  measurements.  These  are  the  values  to  be  substituted 
for  (I/Io)  in  Equation  6.  As  has  previotisly  been  explained,  the  ratio 
c/ci  also  depends  upon  the  percentage  transmission  (I/Io)*^  of  an  indicator 
solution  completely  transformed  into  the  red  component,  and  also  upon 
the  percentage  transmission  (l/loY  ot  an  indicator  solution  completely 
transformed  into  the  yellow  constituent.  The  transmissions  (I/Io)' 
used  are  the  averages  of  those  recorded  in  Columns  2,  3  and  4,  Table  II. 
It  was  found  that  solutions  containing  50  cc.  of  the  stock  solution  of  the 
indicator,  plus  the  necessary  amount  of  hydrochloric  add  to  convert 
the  indicator  entirely  ioto  the  yellow  component,  were  completely  trans- 
parent to  the  five  wave-lengths  of  light  used.  The  transmissions  (I/I©)' 
are  therefore  in  every  case  ioo%. 

In  Table  IV  the  ratios  c/ci  =  (In)/(HIn)  were  calculated  from  Equation 
6,  and  the  constants  K^  from  Equation  i.  The  hydrogen  ion  concen- 
trations were  calculated  by  means  of  Equation  7,  ai,  and  a%  being  inter- 
polated from  the  percentage  ionizations  of  monosodium  and  disodium 
phosphates  at  various  dilutions  given  by  Abbot  and  Bray.' 

Another  series  of  solutions,  similar  to  the  preceding  with  the  amounts 

of  acid  indicated  in  Table  V,  were  prepared,  and  allowed  to  stand  16  hours, 

in  which  time  all  of  them  had  come  to  equilibrium.    The  percentage 

transmissions,'  calculated  ratios,  c/cu  and  the  constants  K^,  are  given  in 

^  See  page  1696. 

*  This  Journal,  31,  729  (1909). 

'  The  average  values  of  two  determinations  are  given. 
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Tiibk  V.    The  same  values  for  (l/IoY  and  (I/Id>T  wa?e  und  aa  for  tlit 
preoediiig  determuiatioii. 

Tabwi  IV. 

Average 

pcrccnlAfe 

X  -  i.  U#  H+  X  10*.  trvumiauoot. 


ifeccHa) 

(35  oc  NaiHPOO 


a(ioocHa) 

(35  GC.  NatHPO^) 


3  (15CC.  HO) 

(25  cc.  NatHPOO 


^ 


5598 
5648 

5698 
574« 
I  5798 

5598 
5648 
5698 
5748 
.5798 

5598 
5648 

5698 

574« 
I  5798 


4484 


10.53 


19.52 


Yablb  v. 


26.4 

36.6 
49.6 
59.8 

70.6 
49.0 

59-4 
70.6 

76.8 

83.7 

67.5 
76.4 

80.2 

85.5 
87.7 


I  (30c.  HCl) 

(25  cc.  NaiHPOi) 


2(5a\Ha) 

(25  cc  NatHPOO 


X-A,U.  H+  X  !••. 

5598 
5648 

5698  2.533 

5748 
I  5798 

5598 
5648 

5698         4.484 
5748 
I  5798 

5598 

5648 

5698        10.53 

S748 

5798 

5598 
5648 

4  (15  cc.  HCl) ^  5698        19.52 

(25  cc.  NatHPOi) 


ATerage 
percentage 


3(ioccHa) 

(25  cc.  Na^POO 


12. X 
20.8 
32.0 
48.1 
60.9 

25.4 
33.7 
48.3 
60.8 
71.0 

50.7 

59.7 
68.7 

78.1 

84.2 

67.6 
74.6 
80.8 
87.2 
. (90.2) 


0.803 
0.8II 

0.734 

0.920 

0.937 

0.306 
0.302 
0.266 
0.326 
0.339 
0.148 
0.136 

0.154 

0.I7Z 

(0.223) 


2.28 
2.33 
2.20 
2.14 

2.29 

0.822 
0.847 

0.785 

0.849 

•0.906 

0.288 
0.298 
0.293 
0.298 
0.314 

0.148 
6.150 
0.146 
0.146 
(01X^7) 


■^  X  U)«, 

3.60 

3.64 

3.29 
4.13 

4.20 

3.23 

3.19 
2.81 

3-44 
3*48 
2.89 
2.66 

3.05 

3.34 

(4*35) 


5.77 
5.89 
5.56 

5.42 
5.63 

3.69 
3.81 

3.53 
3.82 

4.07 

3.03 

3.14 
3.08 

3.14 
3.30 

2.89 

2.93 
2.89 

2.85 

(3.26) 


5748 
1 5798 

The  values  of  K<,  Table  V,  show  a  steady  de^^re^tse  from  5.65  X  io~* 

to  2.89  X  io~*,  as  the  solution  becomes  leds  alkaline.    The  average 

constant  is  3.91  X  lo"*.^     It  is  to  be  remembered  that  the  constants 

were  detennined  on  the  assumption  that  rosoVc  add  is  monobasic.    As  is 

^  Tbe  value  given  by  Salm,  Z.  pkysik.  Chem.,  57,  496  (1967),  is  t.i  X  lo"**. 
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well  kncmn  the  indicator  is  dibasic,  and  the  decnase  in  the  constants  with 
decreasing  alkalinity  was  expected.  Rosolic  acid  actnally  dissociates 
in  two  stages  according  to  the  equations,  Hjln  =  HIn  +  H"*",  and  HIn  = 
In  +  H+. 

Behavior  of  Rosolic  Acid  as  a  Dibasic  Acid. — ^With  regard  to  the  two 
ions  HIn  and  In,  three  assumptions  can  be  made:  (i)  that  the  intermediate 
ion  HIn  is  yellow  and  the  secondary  ion  In  is  red;  (2)  that  the  ion  HIn  is 
red  and  the  ion  In  is  yellow;  (3)  that  both  the  ions  HIn  and  In  are  red. 
In  the  first  case  the  ratio  of  the  red  to  the  yellow  component  will  be  given 
by 

c/ci  =  — = .  (9) 

HIn  +  HJn 

In  addition,  the  equilibrium  equations  given  below  have  to  be  considered. 

(H+KHIn)  ^  j,^  (H^)  ^  ^ 

(Hjin)  (HIn)  ^ 

By  combining  these  three  equations  we  obtain 

'^''  "  H+(H+  +  KO-  _  ^"^ 

In  the  second  case,  when  the  ion  HIn  is  red  and  the  ion  In  is  yellow,  the 
ratio  becomes. 


and  from  Equations  lo 


/HIn  .    . 

C/Ci   =   s.  (12) 

H,In  +  In  ^    ^ 

c/ci  ==  .  (13) 

^          H«  +  K1K2  ^^ 


In  the  third  case,  i.  e.,  when  both  ions  HIn  and  In  are  redi  tJbe  ratio  is 
given  by 

/         HIn  +  In  .       . 

^Ai  =  —i7^ —  (14) 

Hsin 

whence,  c/c.  =  5!^+^..  (,5) 

Equations  ii,  13,  and  15  were  tested  by  substituting  the  experi- 
mental values  of  the  ratios  c/ci  and  the  hydrogen  ion  concentrations 
given  for  Solutions  i  and  4,  Table  V,  in  the  equations,  and  solving  for  the 
constants  Ki  and  Ks.  The  constants  were  then  used  to  calculate  the 
ratios  for  Solutions  2  and  3.  In  Table  VI,  are  given  the  values  of  the 
ratios  c/ci  calculated  from  the  various  equations,  and  also  the  observed 
experimental  ratios  which  are  the  averages  of  those  given  in  Table  V. 

^  The  development  is  essentially  the  same  as  sivea  by  Itosenstein  for  phefiol<- 
phthalein.    Tms  Journai^,  36,  X124  (1912). 
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Tabls  VI. 

Value*  of  c/a. 

Sointioa.                     H+  X  10«.  ObttrvML  Calcl  by  U.  Calc  bj  13.  Calc.  by  15. 

1 3.533              2.23  2.23                2.23                2.23 

2 4*484              0.842  1. 12                   ...                 0.953 

3 10.53                0.298  0.371                 ...                 0.308 

4 19.52                0.148  0.148              0.148              0.148 

On  the  first  assumption,  namely,  that  the  ion  HIn  is  yellow  and  the  ion 
In  is  red,  the  ratios  calculated  by  Equation  ii,  for  Solutions  2  and  3,  do 
not  at  all  agree  with  the  experimentally  determined  values.  On  the 
assumption  that  the  intermediate  ion  HIn  is  red  and  the  secondary  ion 
£  is  yellow,  the  constant  Kg,  Equation  1 3,  was  found  to  be  a  negative 
quantity.  This,  in  itself,  proves  the  absurdity  of  the  assumption;  con- 
sequently, no  ratios  for  Solutions  2  and  3  were  calculated.  On  the  as- 
somption,  however,  that  both  the  ions  HIn  and  In  are  red,  the  ratios 
calculated  by  Equation  15,  agree  fairly  closely  with  the  experimentally 
determined  values.  The  agreement  is  as  close  as  might  be  expected 
considering  that  in  work  of  this  character  so  many  different  sources  of 
emir  are  possible.  The  results  lead  to  the  conclusion,  therefore,  that 
rosolic  add  acts  as  a  dibasic  acid,  and  furthermore,  show  that  both  the 
primary  and  secondary  ions  are  intensely  colored. 

In  the  case  of  phenolphthalein,  it  has  been  shown  by  Rosenstein^  that 
the  colored  form  of  the  indicator  is  only  produced  in  appreciable  quantity 
.  when  the  second  hydrogen  of  the  indicator  add  is  replaced  by  the  base. 
This  is  in  accord  with  the  theory  already  referred  to,*  that  the  cause  of  the 
cdQr  production  is  due  to  a  combination  between  the  metallic  phenolate 
and  the  quihoid  complex:  since  it  is  only  where  the  second  hydrogen 
is  replaced  that  the  formation  of  the  quinoid  phenolate  complex  is  possible. 
In  the  case  of  rosolic  add,  however,  the  quinoid  phenolate  complex  can 
be  found  when  the  first  hydrogen  of  the  indicator  add  is  replaced  by  the 
base.  The  experimental  fact,  then,  that  the  intensely  colored  form  of  the 
indicator  is  produced  when  the  first  hydrogen  is  replaced  by  the  base  is 
perfectly  in  accord  with  the  theories  advanced. 

Summary. 

1.  An  intensification  of  the  red  color  of  rosolic  add  solutions  incom- 
pletely transformed  by  the  addition  of  alkali  was  f otmd  to  take  place  when 
sncfa  solutions  were  allowed  to  stand,  the  time  reaction  being  in  aU  proba- 
Uity  due  to  a  slow  union  of  the  metallic  phenolate  with  the  quinoid 
complex. 

2.  In  rosolic  add  solutions  containing  a  large  excess  of  alkali  a  per- 
ceptible bleaching  of  the  red  color  was  also  indicated. 

3.  The  ratio  (cjc^  of  the  red  to  the  yellow  component  has  been  de- 
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termined  for  indicator  solutions  of  various  hydrogen  ion  concentrations 
using  the  radiometric  method  developed  in  the  original  article.^ 

4.  The  values  of  the  ionization  constant  of  rosolic  add  calculated  from 
the  ratio  cicx,  on  the  assumption  that  the  indicator  add  is  monobasic, 
were  found  to  decrease  with  decreasing  alkalinity.  When  the  hydrogen 
ion  concentration  was  increased  from  2.533  X  ^o""'  to  19.52  X  io~',  the 
total  salt  concentration  being  0.0259  AT,  the  value  of  the  ionization  constant 
Yii  was  found  to  decrease  from  5.65  X  lo""*  to  2.89  X  lo"**. 

5.  It  was  found  that  this  variation  in  the  constants  could  be  explained 
by  regarding  the  indicator  as  a  dibasic  add,  and  it  was  shown,  furthermore, 
that  the  intensdy  colored  form  of  the  indicator  is  formed  when  the  first 
hydrogen  of  the  indicator  add  is  replaced  by  the  base. 

BALltlfOUI.   Md. 

April,  1915. 


THE  SOLUBILITY  OF  MAGNESIUM  CARBONATE  IN  NATURAL 

WATERS.' 

Bt  Roobb  C.  W«lia 
Reedved  M«7  ID.  1915. 

TreadweU  and  Renter,'  who  determined  the  solubiUty  of  magnesium 
carbonate  in  water  under  given  partial  presstu-es  of  carbon  dioxide,  found 
for  a  partial  pressure  of  "o  mm."  of  carbon  dioxide  at  15 ^  0.6410  g. 
magnesium  carbonate  and  1.9540  g.  magnesium  bicarbonate  per  liter. 
This  is  equivalent  to  0.51  g.  magnesitun  and  2.09  g.  carbon  dioxide 
per  Uter.  Cameron  and  Briggs/  however,  found  only  o.  18  g.  magnesium 
and  0.543  g.  carbon  dioxide  per  liter  at  room  temperature  after  passing 
a  current  of  air  through  the  solution  for  a  very  long  period.  Feeling 
that  more  attention  should  be  paid  to  the  nature  of  the  solid  phase,  I 
have  carried  out  experiments  that  show  a  difference  in  the  behavior  of 
magnesite,  the  simplest  natural  variety  of  magnesium  carbonate,  and 
nesquehonite,  the  trihydrate  MgC0«.3H)0  and,  furthermore,  find  solu- 
tions in  equilibrium  with  the  latter  substance  under  atmospheric  condi- 
tions at  20^  to  contain  0.36  g.  magnesium  and  x .01  g.  carbon  dioxide  per 
liter. 

As  the  object  of  the  experiments  was'  to  imitate  natural  conditions, 
the  solutions  were  exposed  to  the  action  of  outdoor  air  over  long  inter- 
vals, in  order  that  they  might  come  into  equilibrium  with  the  small  amount 
of  carbon  dioxide  in  the  atmosphere.  The  air  was  filtered  through  cot- 
ton, washed  by  distilled  water  and  bubbled  through  the  solutions  con- 
tained in  Jena  flasks  imjnersed  in  a  thermostat.    The  thermostat  was 

^  Loc,  cit. 

'  Published  by  permission  of  the  Director  of  the  United  States  Geological  Survey. 

»  Z.  anorg.  Chem.,  17,  202  (1898). 

*  J.  Physic.  Chem.,  5,  553  (1901). 
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not  m  actioii  over  night*  but  since  no  large  variations  of  temperature 
weie  permitted  and  since  no  air  was  passed  then  it  is  beUeved  that  no 
error  was  introduced  from  this  source. 

Magncatta. 

This  mineral  is  usually  associated  with  serpentine  or  rocks  containing 
members  of  the  olivine  group.  As  a  rule  it  is  compact  and  amorphous, 
possibly  a  colloid,  but  a  crystalline  variety  is  known  whose  origin  is  proba- 
bly somewhat  different  from  that  of  the  amorphous  variety.  A  specimen 
of  the  amorphous  variety  from  Placer  Cotmty,  Colorado,  kindly  supplied 
by  H.  S.  Gale,  of  the  United  States  Geological  Survey,  and  used  for  the 
solubility  determinations,  was  found  on  analysis  to  have  the  following 
composition:  SiOs  0.09,  FesOi  o.ii,  AI3O1  0.09,  CaO  0.05,  MgO  46.82, 
CQi  51-75.  HiO  0.67;  sum  99. 58%. 

Tables  I  and  II  show  the  extent  to  which  this  magnesite  dissolved  in 
water  alone,  and  in  water  containing  as  much  soditun  chloride  as  sea 
water,  tmder  atmospheric  conditions,  during  periods  that  were  practicable 
for  laboratory  observation. 

TiauB  L — 6oLUBn«iTY  of  Maonbsits  m  Watsr  undbr  ATMOspmmic  Conditions. 

(GiLAMS  PSR  LiTBR.) 
InttnraL  Mt.  Tnt  COi.  COi  m  bictrbonAte. 

One  hour  at  ao^  0.004.  0.002  0.018^ 

3  days  O.OI3  Trace  0.053 

25  days  0.013  Trace  0.045 

37  days  0.017  Trace  0.055 

61  days  0.018  Tnct  0.065 

Tabu  n. — SoLUBiuTY  op  Maonbsits  undbr  Atmosphbric  Conditions  in  Watsr 
Containing  27.2  G.  NaCl  pbr  Litsr.    (Grams  psr  Litsr.) 

XntenrttL  Mg.  Free  COi.  COi  m  bicftrtxmate. 

IX  days  0.025  Trace  0.064 

35  days  O.Q38  Trace  0.086 

The  Trihydrate,  MgCOt.3HsO. 

If  the  excess  carbon  dioxide  is  expelled  by  a  current  of  air  at  ordinary 
temperature  from  a  solution  containing  magnesium  bicarbonate  and  car- 
bon dioxide  the  precipitate  consists  of  well  developed  crystals  of  the  tri- 
hydrate MgCOt.3HsO,  probably  identical  with  the  natural  mineral  nes- 
quehonite.* 

Table  III  shows  the  rate  at  which  the  changes  in  the  solution  went  on. 
The  state  of  the  carbon  dioxide  was  determined  by  titration  with  0,02  N 
NaHS04,  first  with  phenolphthalein  and  then  with  methyl  orange.  The 
total  carbon  dioxide  thus  found  agreed  with  that  directly  detemuned  by 

^  The  d<«^'^^<*^  water  used  contained  several  milligrams  of  COi  per  liter  to  begin 
with. 

*  Leitmeter,  Z.  Kryst,,  47,  118  (1910).  Below  6*  the  pentahydrate,  MgCOi-sHtO, 
wMobtuned. 
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absorption  in  soda-lime  tubes  after  expulsioci  with  HCl  and  boiling. 
Direct  determinations  of  magnesium  were  also  found  to  agree  with  tlie 
amounts  calculated  from  the  titrations. 

Table  III. — Rate  of  Evolution  of  CX>i  from  a  Solution  Containing  Mg(HCOi)t  + 
COt  at  20°  WITH  A  Good  Stream  of  Ant  (about  5  Bubbles  a  Second). 


Time 
elapsed. 

Mg. 

Free  CO^ 
G.  per  liter. 

COias 

bicarbonate. 

G.  per  liter. 

COias 

cavbonate. 

G.  per  liter. 

ToUl  COt. 

Start 

0.87 

0.37 

3    14 

•    •    •    • 

3.51 

I  hour 

0.87 

0.17 

3.10 

■    •    •    • 

3.27 

2  hrs. 

0.87 

O.IO 

3.14 

•    •    •    • 

324 

3  hrs. 

0.87 

0.00 

3.10 

0.02 

3.12 

5  hrs. 

0.87 

•    •    •    « 

2.96 

0.10 

3.06 

7  hrs. 

0.87 

•    •    •    • 

2.67 

0.22 

2.89 

2  days 

0.87 

■    •    •    • 

2.39 

0.37 

2.76 

3  days 

0.87 

•    •    •    • 

1.83 

0.64 

2.47 

Crystals  of 
MsCOi.3HtO  appear. 

4  days 

0.83 

1.69 

0.66 

2.35 

14  days 

0.61 

1.45 

0.38 

1.83 

16  days 

0.53 

1.03 

0.44 

1.47 

26  days 

0.43 

0.88 

0.35 

1.23 

47  days 

0.39 

0.84 

0.29 

1. 13 

65  days 

0.38 

0.83 

0.28 

I. II 

The  solubility  of  MgCOs.sHgO  in  water  tmder  atmospheric  conditions 

was  also  determined  by  approaching  the  point  of  equilibritmi  from  .the 

side  of  unsaturation,  with  the  results  noted  in  Table  IV.  The  salt  for  this 

purpose  was  prepared  by  mixing  solutions  of  magnesitmi  chloride  and 

sodium  bicarbonate  and  washing  the  precipitate  with  water.    It  was 

proved  by  analysis  to  be  the  trihydrate.    Air  was  bubbled  through  the 

solution  daily  for  4  days  followed  by  a  lapse  of  10  days  when  no  air  was 

passed;  the  passage  was  then  resumed  daily  as  noted.    The  means  of  the 

final  values  of  Tables  III  and  IV  are :  o .  36  g.  magnesium  and  i .  01  g.  carbon 

dioxide  per  liter. 

Table  IV. — Solubility  op  MgCOi.3HiO  in  Water  under  Atmospheric  Condi- 
tions AT  20*^.     (Grams  per  I«iter.} 


Interval. 

Mg. 

COs  as  carbonate. 

CO]  as  bicarbonate. 

Total  COt. 

2  days 

0.25 

0.36 

0.17 

0.53 

4  days 

0.26 

0.36 

0.21 

0.57 

13  da3rs 

0.28 

0.29 

0.43 

0.72 

17  days 

0.30 

0.31 

0.46 

0.77 

19  days 

0.34 

0.31 

0.61 

0.92 

22  days 

0.35 

0.30 

0.60 

0.90 

29  days 

0.34 

0.32 

0.59 

0.91 

The  difference  in  the  solubility  of  magnesite  and  the  trihydrate  MgCOj.- 
3H2O  is  evident  from  Tables  I  and  IV.  Some  have  supposed  the  trihydrate 
to  be  a  basic  bicarbonate,  MgOH.HCO3.2H2O.  Whether  this  is  so  or 
not,  there  is  a  difference  in  the  state  of  the  carbon  dioxide  in  the  two  solu- 
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tkns;  the  propc^tion  existing  as  carbonate  increases  with  the  magnesium 
concentration,  although  in  the  more  concentrated  solutions  (Tables  III  and 
IV)  the  bicarbonate  ion  concentration  still  exceeds  that  of  the  carbonate. 

If  the  trihydrate  is  regarded  as  a  carbonate  its  S(riubifity-produ<A 
may  be  calculated  from  the  data  of  Tables  III  and  IV  as  f<dlo^vs: 

Mg  =  0.36  g.  per  liter  =  0.015  mole. 

COj  as  carbonate  =  0.30  g.  per  liter  =  0.0068  mole  C0|. 

The  product  of  the  two  concentrations  just  stated  gives 

(Mg)(C08)  =  o.ojio. 

This  is  apparently  a  maximum  value  of  the  solubility  product  of  MgCOj.- 
sHtO  at  20^  since  complete  dissociation  and  no  hydrolysis  are  assumed. 
There  appear  to  be  too  many  uncertainties  in  the  ionic  concentrations 
to  attempt  to  compute  a  minimum  value. 

Natural  Waters. 

It  is  interesting  to  note  in  this  connection  that  the  highest  concentra- 
tion of  Mg  reported  in  a  river  water  in  the  United  States  is  0.077  ?•  pcr 
liter,  in  the  Wabash  River  near  Logansport,  Indiana,  October,  1906.^ 
This  water  .was  practically  neutral,  the  HCO3  reported  being  o.  276,  equiv- 
alent to  o .  200  g.  CO2  per  liter,  and  NaCl  about  i .  3  g.  per  Kter. 

A  slightly  higher  content  of  Mg  than  the  above  was  found  in  Pyramid 
lake,  Nevada,  in  1884,*  viz,,  0.080  g.  Mg  per  liter,  with  0.360  total  C0|, 
and  about  2 . 5  NaCl.  The  ocean,  however,  has  i .  30  g.  Mg  and  about 
o.io  g.  CO2  per  liter. 

With  the  data  now  at  hand,  it  appears  that  none  of  these  natural  waters 
IB  saturated  with  respect  to  the  trihydrate  MgCOs.3HsO. 

On  the  other  hand,  either  they  are  all  supersaturated  with  respect  to 

magnesite  or  else  the  solubility  found  for  magnesite  had  not  yet  reached 

its  maximum  value. 

Summary. 

(i)  Under  atmospheric  conditions  it  appears  possible  to  attain  prac- 
tically the  same  state  in  a  solution  saturated  with  MgC03.3HtO,  whether 
one  starts  with  a  solution  containing  an  excess  of  magnesium  bicarbonate 
or  with  the  pure  trihydrate  and  water,  but  the  adjustment  occurs  very 
slowly.  The  solution  finally  contains  0.36  g.  magnesium  and  i.oi  g. 
carbon  dioxide  per  liter  at  20°. 

(2)  The  solubility  foimd  for  magnesite,  however,  is  much  smaller, 
viz.,  0.02  g.  magnesitun  and  0.07  g.  carbon  dioxide  per  liter. 

(3)  Certain  nattu-al  waters,  freely  exposed  to  the  atmosphere,  appear 
to  be  supersaturated  with  respect  to  magnesite  but  none  approaches 
very  closely  to  the  point  of  saturation  of  the  trihydrate  MgC03.3HiO. 

U.  S.  Groumical  Survsy, 
Washikotok,  D.  C. 

*  Dole,  U.  S.  Geological  Survey,  Waier-Supply  Paper,  236,  108  (1909). 

•  Clarke,  U.  S.  Geological  Survey,  Ibid.,  1^64,  30  (1914). 
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ON  THE  FACTOR  TO  BB  USBD  FOR  THB  CALCULATION  OF  THB 
PHOSPHORIC  ACm  IN  NEUMANN'S  METHOD.' 

Bt  S.  L.  JOOIDL* 
ReceiTed  Pebniary  IS,  1915. 

The  method  of  Neumann'  for  the  determmation  of  phosphorus  is  now 
frequently  used  by  physiological  chemists.  The  method  depends  on  the 
precipitation  of  the  phosphorus  as  ammonium  phosphomolybdate  from 
an  acid  solution  containing  io%  of  ammonium  nitrate  and  the  titration 
of  the  precipitate  with  0.5  A/^  sodium  hydroxide.  The  precipitate  is 
washed  with  cold  water  and  is  boiled  with  an  excess  of  the  standard  alkali 
to  expel  the  ammonia  which  it  contains.  Assuming  that  the  precipitate 
has  the  composition  i2Mo08.(NH4)sP04.2HNOt,  after  the  expulsion  of 
the  ammonia  each  mol  should  require  56  mol  of  0.$  N  sodium  hydroxide 
and  I  cc.  of  the  alkali  should  be  equivalent  to  31.04/56  =  0.554  mg.  P, 
which  is  the  factor  given  by  Neumann.  Heubner^  has  recently  shown 
that  the  factor  is  too  low  and  proposes  the  factor  0.57.  Wardlaw*  also 
claims  that  the  factor  is  too  low  and  that  it  varies  with  the  amotmt  of 
phosphorus  present  Having  occasion  to  use  the  methods  in  connec- 
tion with  a  biological  investigation  into  the  chestnut  bark  disease,  we  have 
made  a  careful  redetermination  of  the  factor  and  have  obtained  results 
essentially  in  agreement  with  those  of  Heubner. 

Series  A* — ^Twenty-four  grams  of  disoditmi  hydrogen  pho^hate,  Nag- 
HPO4.12HSO,  were  dissolved  in  4  1.  of  water.  Portions  of  100  cc. 
each  were  analyzed  by  the  method  of  Presenilis*  (a)  and  of  Schmitz^  (6) 
giving: 

(a)  0.2064,  0.2058,  0.2068,  0.2074,  0.1071,  0.2068,  0.2070,  0.2068;  mean  0.2068  g. 
M&PtOr,  equivalent  to  0.575B  mg.  P  per  cc. 

{b)  0.2050,  0.2050,  0.2060,  0.2059,  0.2056;  mean  0.2055  g.  MgiPtOj,  equivalent 
to  0.5723  mg.  P  per  cc. 

(c)  Direct  ignition  of  50  cc.  portions  gave  0.1245,  0.1249,  0.1248,  0.1248,  0.1248  g. 
Na4Ps07,  equivalent  to  29.09  mg.  P.  One  cubic  centimeter  of  the  solution  may,  then- 
fore,  be  assumed  to  contain  0.5766  mg.  P. 

Precipitation. — ^Ten,  20  or  40  cc.  of  the  above  solution  were  placed  in 
a  flask  with  10  cc.  of  a  mixture  of  equal  volumes  of  concentrated  sulfuric 

^  Published  by  permission  of  the  Secretary  of  Agriculture. 

'  The  writer  wishes  to  acknowledge  his  indebtedness  to  Mr.  E.  H.  Kellogg  for  as- 
sistance in  carrying  out  the  analyses  reported  in  this  paper. 
»  Z.  physuA,  Chem.,  37,  129  (1902-3). 
«  Biochem,  Z„  64,  393  (1914)- 
»  C.  A.,  8,  3540  (1914). 
•  "Quant.  Anal.,"  6th  Ed.,  I;  402  (1903). 
»  Z.  anal.  Chem,,  43,  279  (1904);  44f  333  (1905);  45i  5"  (1906). 
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and  nitric  acidsi  75  oc.  of  a  50%  ammoiiitmi  nitrate  solution  and  enough 
water  to  make,  with  the  10%  solution  of  ammonium  molybdate  (usually 
40  cc),  a  total  v(dume  of  250  cc.  The  solution  was  wanned  to  80^  before 
tbe  addition  of  the  molybdate  solution.  The  stoppered  flask  was  then 
vigorously  shaken  for  a  miqute  cm-  two  and  after  settling  for  15  minutes 
the  liquid  was  decanted  through  a  12  Vs  cm.  folded  filter.  The  precipitate 
was  shaken  with  150  cc.  of  ice  water,  then  the  liquid  was  decanted  and 
this  was  repeated  three  or  four  times.  The  washed  filter  was  placed  in 
the  flask  containing  the  precipitate  and  reduced  to  pulp  with  150  cc. 
of  distilled  water.  An  excess  of  0.5  N  NaOH  was  added,  the  solution 
boikd  for  15  or  20  minutes  to  expel  the  ammonia  and,  after  cooling,  the 
excess  ot  alkaH  was  titrated  back  with  0.5  N  H8SO4. 

The  following  results  were  found:  Using  40  cc.  of  the  phosphate 
solution,  the  factors  were  0.577,  0.572,  0.577,  0.571,  0.568.  Using 
20  cc.,  0.578,  0.574,  0.574,  0-577.  0.576.  Using  lo  cc.,  0.576,  0.579, 
0.568,  0.582,  0.582.    Mean,  0.575. 

Series  B.    Primary  Potassium  Phosphate  as  Standard  Substance. — ^A 

sdution  was  employed  which  contained  in  each  cc.  0.378  mg.  <rf  P,  as 
found  by  determinations  according  to  the  Fresenius  and  the  Schmitz 
gravimetric  methods.  Twelve  portions  of  this  solution  of  25  cc.  each 
were  titrated  according  to  the  Neumann  method  and  the  following  volumes^ 
of  o.5iV  soditun  hydroxide  were  required,  corrected  for  the  volume 
required  in  the  titration,  of  a  blank  solution  containing  no  phosphate, 
but  traces  of  carbonic  add  and  material  resulting  from  the  disintegra-' 
tion  of  the  filter  paper.  The  amount  of  this  correction,  which  is  applied 
in  an  cases,  is  0.2  cc.  of  the  alkali  solution,  leaving  as  the  corrected  vol- 
mnes: 

16.82,  16.95,  16.70,  16.95,  i6.6x,  16.80,  16.51,  16.48,  16.97,  16.45,  16.80  and  16.80 
cc.  of  0.5  f^  NaOH.  • 

The  mean  factor  calculated  from  these  titration  volumes  is  0.568. 

Series  C.  Secondary  Ammonium  Fbosphate  as  Standard  Substance. — 

An  aqueous  solution  was  used  which  contained  in  each  cc.  0.3 16 18  mg. 

P,  as  found  by  determination  according  to  the  method  of  Fresenius  (a), 

or  0.31607  mg.  P  according  to  the  method  of  Schmitz  (5).    Twelve 

50-cc,  portions  of  this  solution  were  titrated  according  to  the  Neumann 

method.    The  volumes  of  standard  sodium  hydroxide  required,  corrected 

for  the  volume  found  in  the  titration  of  a  blank  analysis,  were  as  follows: 

27.80,  27.65,  27.65,  27.64,  27.60,  27^.60,  27.60,  27.60,  27.42,  27.61,  27.53,  27.60  of 
0.5  N  NaOH. 

The  mean  factor  calculated  from  these  figures  is  o .  573  (a),  and  o .  573  (t) . 

Series  D.  Phosphoric  Acid  as  Standard  Substance. — ^For  this  series 
a  dilute  solution  was  used  which  contained  in  each  cc.  0.35254  mg.  P  as 
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found  by  the  gravimetric  analysis  according  to  die  Freaenius  method 
(a),  or  0.35110  mg.  P  according  to  the  Schmitz  method.  Eighteen 
portions  of  this  solution  of  50  cc.  each  were  titrated  according  to  Neu* 
mann's  method.  The  volumes  of  0.5  iV  sodium  hydroxide  tequirecU 
corrected  for  the  blank  analysis,  were  as  follows: 

31.00,  31. X5,  30.85,  3112.  3i.i3»  30.95*  31. J5.  3i«oo,  3i-»3.  30.98,  3i.ao,  30.95, 
31.05,  30.95,  31.02,  31.00,  31.08,  31.15. 

The  average  factor  calculated  from  these  data  is  0.568  (a)  or  0.566  (6). 

Series  E.    Primaiy  Potassium  Phosphate  as  Standard  Substance. — 

The  solution  used  for  this  series  contained  in  each  cc.  i  .51540  mg.  P  as 
found  by  the  gravimetric  analysis  according  to  the  method  of  Presenius 
(a),  or  1 .50767  mg.  P  as  found  by  the  method  of  Schmitz  (6).  Twenty- 
four  portions  of  this  solution  of  10  cc.  each  were  titrated  according  to  the 
Neumann  method.  The  (corrected)  volumes  of  o.  5  N  sodium  hydroxide 
required  were  as  follows: 

26.58,  26.54,  26.60,  26.51,  26.54,  26.50,  26.50,  26.42,  26.50,  26.51,  36.60,  26.55, 
26.60,  96.52, 26.60,  26.601  2640,  26.42, 36.48,  26.45,  26.58, 36.50,  36.51,  2645.    • 

The  mean  factor  calculated  from  these  data  is  0.572  (a),  or  0.569  (6). 

The  average  factor  for  all  five  series  is  0.571,  based  on  the  Presenius 

gravimetric  method  (a),  or  0.570,  based  on  the  Schmitz  gravimetric 

method  (b). 

Conclusions. 

(i)  While  Neumann's  method,  as  modified  by  Gregersen,  is  both  ac- 
curate and  reliable,  the  factor  (0.554)  used  for  calculating  the  phosphoric 
add  is  too  low. 

(2)  The  restdts  presented  in  this  paper  fully  corroborate  the  factor 
0.57  as  being  very  nearly  correct,  under  the  conditions  outlined  in  this 
paper. 

(3)  Gregersen's  modification  to  overtitrate  the  dissolved  yellow  pre- 
cipitate with  o.s  N  HsSOa,  with  a  view  to  remove  the  carbon  dioxide 
present  by  boiling,  and  then  titrate  back  with  0.5  iV  NaOH,  while  in 
principle  correct,  is  inconvenient  since  it  increases  the  time  required  for 
each  individual  analysis. 

(4)  Instead  of  Gregersen's  modification,  it  is  best  to  run  a  blank  anal- 
ysis— or  better  several  blank  analyses — ^which  compensates  the  errors 
due  (a)  to  impurities  (phosphorus)  present  in  the  reagents  employed, 
(6)  to  carbon  dioxide  contained  in  the  liquids  to  be  titrated,  and  (c)  to 
the  acidity  caused  by  the  action  of  the  boiling  standard  alkali  on  the  fil- 
ter paper.  The  figure  seethed  for  the  blank  analysis  is  to  be  subtracted 
from  the  addimetric  analysis  proper.  With  uniform  work  the  same 
blank  may  be  applied  to  one  or  even  several  series  of  phosphoric  add 
estimations. 

Wassinotom,  D.  C 
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THE  ESTIMATION  OF  UKANIUM  AND  PHOSPHORUS. 

By  H.  IX  M«wTaif  amp  J.  L.  HuonM. 
UtcaSmd  March  8.  1915. 

It  has  been  shown  by  Newton^  that  ferric  iron  in  sulfate  solution  can 
be  quickly  and  accurately  estimated  by  reducing  with  titanous  sulfate, 
oxidizing  the  excess  of  titanous  salt  with  bismuth  trioxide,  filtering  off 
the  excess  of  bismuth  trioxide  and  reduced  bismuth,  and  titrating  the 
resulting  dear  solution  with  sio.i  N  solution  of  potassium  permanganate. 
As  it  was  afterwards  discovered  that  uranyl  salts  in  sulfate  solution  were 
apparently  reduced  by  titanous  sulfate  to  the  turanouis  condition,  the 
present  investigation  was  tmdertaken  for  the  purpose  of  applying  the  above 
method  to  the  estimation  of  uranium  and  to  the  estimation  of  phosphorus 
after  the  latter  had  been  precipitated  as  ammonium-uranyl  phoq)bate. 

For  this  w^k  a  solution  of  titanous  sulfate  of  convenient  strength  was 
prepared  as  follows:  To  loo  cc.  of  sulfuric  add  were  added  little  by  little 
and  with  continual  stirring  25  g,  portions  of  the  best  hydrous  c.  p.  titan* 
imn  oxide,  the  whole  being  kept  constantly  heated  to  the  fuming  point  of 
the  add.  The  resulting  pasty  mass  was  allowed  to  come  to  room  tem- 
perature and  cautiously  transferred  to  a  beaker  containing  about  200  cc. 
of  cold  water.  After  standing  a  short  time  the  aoimewhat  doudy  solution 
of  titanic  sulfate  was  filtered,  reduced  to  the  titanous  condition  by  means 
of  zinc,  and  then  filtered  directly  into  about  two  liters  of  recently  boiled 
distilled  water  contained  in  a  reservoir  to  which  a  Squibb's  automatic 
buret  and  a  hydrogen  generator  were  immediatdy  attached.  By  this 
means  the  easily  oxidized  titanous  sulfate  was  kept  under  a  constant 
pressure  of  hydrogen  and  measured  amounts  of  the  solution  were  drawn 
as  wanted.  As  it  was  convenient  to  know  the  strength  of  the  titanous 
sulfate  solution  it  was  titrated  directly  against  a  o.  i  iV  solution  of  potassium 
permanganate. 

An  approximately  0,1  M  solution  of  uranyl  sulfate  was  obtained  by 
treating  an  equivalent  amotmt  of  uranyl  acetate  of  tested  purity  with 
suUuric  add,  filtering  and  diluting  to  the  required  volume.  This  solu- 
ticm  was  standardized  in  the  gravimetric  way  by  predpitating  the  uranium 
by  ammonia,  washing  with  dilute  ammonium  nitrate  solution,  igniting 
sod  wdghing  as  UsOg. 

A  phosphate  solution  was  obtained  by  dissolving  about  6.359  S-  ^^ 
microcosmic  salt  in  a  liter  of  water,  the  solution  being  afterwards  standard- 
ized by  use  of  the  magnesium  pyrophosphate  method  as  outlined  by  B. 
Sdunitz.* 

» Am.  /J5ci.,  as,  343  (1908). 

*  P.  P.  Tz«adweU's  "Analytische  Chemie/'  Z9XZ. 
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The  potassium  permanganate  sdution  erf  BpproidmAteSy  o.i  N  value 
was  exactly  standardized  by  titrating  against  carefully  weighed  portions 
of  purified  sodium  oxalate  previoudy  dissdh^.  in  a  oonvenieni  volume 
of  water,  acidulated  with  i:t  sulfuric  acid  and  heated  to  8o^  This 
method  is  the  one  recommended  by  the  Bureau  of  Standards  when  using 
sodium  oxalate  as  a  standard  in  volumetric  smalysis  and  is  exactly  des- 
cribed in  their. Circular,  Number  40.  The  sodium  oxalate  here  used  was 
kindly  furnished  by  the  above-mentioned  Bureau. 

A  bismuth  trioxide  must  be  taken  which  shows  no  appreciable  reducing 
action  toward  potassium  permanganate.  A  number  of  2  g.  lots  of  the 
sample  used,  when  dissolved  in  sulfuric  add,  cooled,  and  diluted,  were 
permanently  colored  by  the  first  drop  oi  0.1  N  solution  of  potassium  per- 
manganate, 

The  Estiniation  of  Uranium. 

In  preliminary  experiments  it  was  found  that  bismuth  trioxide  had  no 
appreciable  oxidi2ing  action 'on  uranous  salts.  Table  I  contains  results 
obtained  by  titrating  with  permanganate  the  tu-anous  solution  left  after 
reducing  with  zinc  a  measured  amount  of  uranyl  sulfate,  codling,  adding 
a  gram  of  bismuth  trioxide,  and  filtering. 

Tablb  I. — Data  Showino  I«ack  of  Oxidizing  Epfbct  of  Bismnm  Tuoxmy  on 

Bknr.g. 

O.O0Q9  + 

0.0099 — 
o.oooi— 
0.0001+ 

O.OOOfr^" 

0.0003+ 

O.OOOJ'— 

In  Table  II  are  recorded  results  obtained  when  titanous  sulfate  was 
used  as  the  reducing  agent.  For  these  experiments  measured  amounts 
of  uranyl  sulfate  were  run  into  an  Erlenyemer  flask  of  150  cc.  capacity 
and  followed  by  a  slight  excess  of  titanous  sulfate  solution.  Enough 
concentrated  sulftuic  add  was  then  added  to  make  the  solution  approxi- 
mately 16%  add  by  volimie.  (It  was  found  that  uranyl  salts  are  more 
easily  reduced  and  when  reduced  much  more  stable  in  an  acid  solution 
of  this  concentration  than  in  one  that  is  weaker.)  The  flask  and  contents 
were  then  cooled  under  the  tap,  a  small  amount  of  bismuth  trioxide  was 
added  (enough  in  each  case  to  oxidize  the  excess  of  titanous  sulfate)  and 
the  flask  then  left  to  stand  a  minute  or  two  with  occasional  shaking. 
By  the  use  of  the  filter  pump  and  a  platinum  cone  well  padded  with  as- 
bestos the  solution  was  quickly  filtered  free  from  bismuth  trioxide  and  re- 
duced bismuth,  the  asbestos  pad  carefully  washed  three  or  four  times 
with  a  16%  sulfuric  add  solution  and  the  combined  filtrates  titrated  with 


KKiiOi  tii*d,  cc. 

nOi  pment,  f. 

UOkfteiid..i. 

8.M 

o«io63 

0.1066 

791 

0.1083 

0,1074 

7.97 

0.1083 

0.1082 

7.98 

0.1083 

0.1084 

7.93 

0.0183 

0.1077 

6.00 

0.1083 

0.1086 

7.95 

0«io8(3 

o.io$o 
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standaid  potassium  permangaiiate.  As  the  titanoits  sulfate 
contained  a  small  amount  of  iron,  a  rilght  correction  had  to  be  made  in 
the  permanganate  reading.  This  correction  was  easily  and  accurately 
made  by  a  method  of  estimating  iron  in  the  presence  of  titanium  as  worked 
out  by  Gooch  and  Newton.* 

Table  II.— Data  on  TmtATioM  or  Uranxitk  Aftbr  Rbduction  by  Titanous  Sui/- 

FATS  IK  Prbssncb  ot  BismrtB  TuoxmB. 


KMaOi  used,  cc 

trOi  present,  g. 

UOi  f ound,  f. 

'Brror,  g. 

403 

0.0541 

0.0545 

0.0004+ 

4.06 

O.054X 

0.0549 

0.0008+ 

8.06 

0.1083 

0.1092 

0.0009+ 

8.Q3 

0.1083 

0.1088 

0.0005  + 

7.96 

0.1083 

0.1079 

0.0004 — 

12.03 

0.1624 

O.1631 

0.0007+ 

12.00 

0.1624 

0.1626 

0.0002+ 

12.00 

0.1624 

0.1696 

0,0002  + 

12.00 

0.1624 

0.1626 

0.0002  + 

16. 03 

0.2166 

0.2173 

0.0007+ 

16.00 

0.2166 

0.2169 

0.0003+ 

16. 03 

0.2166 

0.2173 

0.0007+ 

16.03 

0.2166 

0.2173 

0.0007+ 

As  I  cc«  of  0.1  N  permanganate  oorresponds  to  0.01350  +  g.  of  turanium 
dioxide  and  one  drop  or  one-thirtieth  of  a  cc.  corresponds  to  0.00045  +  S- 
of  uranium  dioidde,  it  appears  that  any  appreciable  error  in  the  process 
is  probably  due  to  the  reading  of  the  end  point. 

Tlie  Estimation  of  Phoaphonw. 

It  has  long  been  known  that  imder  proper  conditions  an  alkali  phosphate 

is  completely  precipitated  by  adding  to  it  an  excess  of  tuanyl  nitrate. 

In  using  the  above  reaction  for  the  estimation  of  phosphorus  when  a 

separation  of  the  ammonium-qranyl  phosphate  is  involved,  the  process 

of  filtration  has  alwajrs  been  the  principle  difficulty.    In  fact»  B.  F.  Kern' 

made  the  statement  that  owing  to  its  extreme  fineness,  anunonium- 

utanyl  phosphate  could  not  be  filtered  successfully  through  a  Gooch 

cradUe.    Pulman'  in  his  paper  on  "The  Estimation  of  Uranitmi  and 

Uranyl  Phosphate"  which  involved  the  filtering  of  the  finely  divided 

anunonium-uranyl  phosphate,  after  giving  Kern's  statement,  wrote  of 

bis  own  experience  as  follows: 

"It  was  found  that  the  precipitate  went  through  two  ashless  filter  papers  (Schleicher 
iod  SdifiU,  No.  589),  and  also  that  an  asbestos  felt  of  ordinary  tightness  in  a  Gooch 
cradble  would  not  entirely  retain  the  precipitate.  By  shaking  up  the  flask  containing 
the  asbestos,  however,  allowing  it  to  settle  a  minute  and  then  pouring  off  the  particles 
■till  in  suspension,  a  very  finely  divided  asbestos  was  obtained,  which  when  poured 

'  Am.  J.  Sci.,  as,  365  (1907). 
'This  JouRNAi^,  23,  710  (1901). 
*Am.  /.  Sci.,  x6,  329  (1903)* 
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tifxm  the  felt  made  in  the  ordinacy  way»  was  found  to  gn^e  a  pad  of  aaeh  tightnesa  that 
t)ie  filtrate  obtained,  from  the  ammonitaii-uraiiyl  phosphate  was  perfectly  dear." 

And  in  conclusion  he  writes: 

"The  only  objection  to  the  process  is  that  the  filtering  -and  washing  of  the  pie- 
dpitate  are  apt  to  be  slow,  espedally  when  large  amounts  of  the  material  are  being 
treated." 

When  using  the  Gooch  crucible  our  experience  was  similar  to  that  of 
Pulman,  two  to  three  hours  being  sometimes  needed  to  complete  the 
filtering  process  when  larger  amounts  of  microcosmic  salt  were  taken  for 
anal3rsis.  It  was  thought  that  a  perforated  platinum  cone  lined  with  an 
asbestos  felt  would  allow  of  faster  filtering  and  still  retam  the  finely 
divided  ammonium-uranyl  phosphate.  A  few  experiments  with  a  2.5  in. 
cone  sufficed  to  show  that  not  only  did  the  licj^uid  filter  much  faster,  but 
also  that  it  was  not  neoessaiy  to  use  an  extremely  fine  asbestos,  because 
the  ordinary  asbestos  as  usually  prepared  for  the  Gooch  crucible  (when  put 
on  with  some  care)  answered  the  ptupose  quite  as  well.  With  the  help 
of  this  filtering  cone,  experiments  were  carried  on  in  the  effort  to  adapt 
the  previously  described  method  for  the  estimation  of  phosphorus. 

The  process  as  finally  adapted  is  as  follows:  a  measured  amount  of 
standard  microcosmic  salt  solution  was  drawn  into  a  250  cc.  beaker  and 
a  mixture  of  10  g.  of  ammonium  acetate,  freshly  prepared  by  neutralizing 
concentrated  ammonium  hydroxide  with  50%  acetic  acid,  and  5  cc.  of 
glacial  acetic  add  was  added.  The  volume  was  then  made  up  to  150  cc. 
and  the  solution  heated  nearly  to  the  boiling  point.  An  excess  of  uranium 
nitrate  was  then  sknrly  added  with  constant  stirring,  after  which  the 
beaker  and  contents  wexe  kept  heated  nearly  to  the  boiling  point  for  half 
an  hour.    After  cooling  to  room  temperature  the  resulting  ammonium- 

Tablb    III. — ^Indirbct    Dbtkricination   of    Phosphorus   m   AiocoNiuic-URAim, 


Phosphath. 

KMnOi 
used.  cc. 

UOt  eqtdv.  to  PaOi 

present,  g. 

tro» 

found,  f. 

PkOi 

present,  g. 

AOi  cqtiiT.  to  UOi 

found,  g. 

BKnoron 
FkOt.  g. 

3.3 

0.0477 

0.0470 

O.OI183 

O.OI16 

0.0002 — 

3.35 

0.0477 

0.0479 

O.OI183 

O.OII8 

0.0000 

3.35 

0.0477 

0.0477 

0. 01 183 

O.OI18 

t 

0.0000 

3.33 

0.0477 

0.0474 

O.OIX$3 

O.OII7 

o.oooo 

3-3 

0.0477 

0.0470 

O.OI183 

O.OI16 

0.0002 — 

6.7 

0.0954 

0.0959 

0.02367 

0.0237 

o.oooi-h 

6.65 

0.0954 

0.0952 

0.02367 

0.0236 

0.0000 

6.63 

0.0954 

0.0949 

0.02367 

0.0235 

o.oooi — 

6.63 

0.0954 

0.0949 

0.02367 

0.0235 

o.oooi — 

9.96 

0.1431 

0.1428 

0.03550 

0.0354 

0.0000 

9-95 

O.1431 

0.1427 

0.03550 

0.0353 

0.0001 — 

9.95 

O.I431 

0.1427 

0.03550 

0.0353 

O.OOOI — 

13-26 

0.1909 

O.X903 

0.04734 

• 

0.0472 

O.OOOI — 

13.33 

0.1909 

O.1913 

0.04734 

0.0474 

O.OOOI -f 

13.3 

0.1909 

0.1909 

0.04734 

0.0473 

0.0000 

DISTILLATION  OF  LIQim^  ildOi  DC  A  MAGNISTIC  PIELD.  1715. 

nniiyi  phospbale  (UQsNHJ?04)  wts  filioml  on  an  asb^tNis  ftk  coatosn^dt 
ia  the  [datinuiii  cooe  which  had  becm  pfieyiously  moistftticd  with  a  a%. 
sohitioQ  of  ajDamoaaium  achate.  After  canefuUy  wftsbiHg  the  prectpitate 
with  the  2%  anunoiuiim  acetate  solution  the  cone  and  contents  were 
tfansfeired  to  a  funnel  of  cooveni^t  siee  and  the  precipitate  was  dissolved 
and  washed  into  a  150  cc.  S^kmney^r  flask  with  t^e  use  of  a  i6%  solution 
of  sulfuric  add.  This  solution  was  then  treated  in  turn  with  titanous 
sidfate  and  bismuth  trioxide  and  titrated  with  potassium  permanganate 
exactly  as  described  in  the  process  for  the  estimation  of  uranium.  The 
reaotts  obtained  are  given  in  Table  III. 


kzpbrhibnts  on  thb  distillation  of  liquid  air  in  a 

MAGNETIC  FIELD.i 

Bv  R.  9«  McBups* 

RtcelTcd  April  20.  1^1^. 

In  a  letter  to  the  Btu-eau  of  Standards  dated  February  8>  191^,  Mr, 
A.  Cressy  Morrison  of  New  York  City,  suggested  that  the  magnetic 
properties  of  liquid  oxygen  were  sucli  as  pei^haps  to  make  possible  an  im- 
provement in  the  separation  of  oxygen  and  nitrogen  by  distiUs^tion  of 
fiquid  air  in  a  strong  magnetic  field  and  requested  the  Biuieau  to  inve^*- 
gate  this  point.  No  extended  search  of  the  literature  was  imade,  but  it 
was  believed  that  this  possibility  had  not  been  previously  tested.  Al- 
though there  was  no  evident  theoretical  ground  for  the  belief  that  the 
separation  might  be  improved  by  this  method,  the  possibilities  seemed  suf- 
fideat  to  justify, the  Bureau  in  makic^  the  preliminary  tests  which  are 
described  below. 

It  was  found  necessary  to  use  small  Dewar  tubes  so  that  the  evolution 
of  the  gas  would  be  sufficiently  slow  and  uniform  to  make  possible  ac- 
curate sampling  at  different  stages  of  the  distillation.  For  each  comparison 
the  tubes,  which  were  about  2.8  cm.  inside  diameter  and  20  cm.  long,  were 
first  jSlkd  with  a  sample  of  the  liquid  air  to  chill  them,  then  emptied, 
filled  with  equal  quantities  (25  to  50  cc.)  of  the  liquid  and  one  was  placed 
in  position  between  the  poles  of  a. powerful  electromagnet  and  the  other 
entirely  outside  the  magnetic  field.  ' 

Samples  of  the  gases  coming  off  from  the  tubes  were  collected  over  water 
&t  known  intervals  and  analyzed*  By  comparison  of  the  results  obtained 
ton  the  two  simultaneous  distillations,  the  influence  of  the  magnetic 
fidd  was  determinable.  Since  the  speed  of  evaporation  could  not  be 
made  exactly  the  same  in  the  two  distillations  which  were  to  be  cpm- 
psxed,  the  quantity  of  gas  evolved  during  the  intervals  between  coUec- 
tion  of  samples  was  measured  roughly  and  the  comparison  between  dis- 

*  MiUifeMl  with'  tht  pcfmiaiiaa  of  the  Director,  Bureau  of  SUndaids,  Washhigton. 
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tfllatioiis  made  <m  the  basis  of  percentage  of  the  total  samples  evaporated. 
From  the  analsrses  of  the  samples  and  the  known  intenrals  expressed  in 
peroentage  of  total  gas,  the  curves  were  drawn  to  show  the  difference 
in  composition  of  the  gas  given  off  at  different  stages  of  the  distfllatioo. 
Prom  these  results  values  were  calculated  to  show  approximately  the  com* 
position  of  the  liqtdd  at  different  stages  of  the  distillation. 

In  the  first  comparison  the  tube  was  placed  directly  between  the  poles 
of  the  magnet,  giving  a  field  of  approximately  10,000  lines  of  focce  per 
square  centimeter,  but  in  the  other  three  comparisons  this  field  was  di- 
rected by  placing  beneath  the  tube  and  in  contact  with  one  p(de  piece 
a  small  iron  block  so  shaped  as  to  increase  the  intensity  of  the  field  through 
the  space  occupied  by  the  liquid.  Under  these  conditions  it  was  impossible 
to  estimate  with  any  precision  the  exact  strength  of  this  field  timnigh  the 
liquid;  without  filings  and  blodc  it  would  have  been  one  of  8,000  lines 
of  force.  In  the  last  comparison  both  the  tubes  contained,  in  addition 
to  the  liquid  air,  slightly  less  than  20  cc.  of  fine  iron  filings,  suggested  by 
Mr.  Morrison  as  a  means  of  directing  the  field. 

In  each  experiment  the  rate  of  evaporation  was  slightly  (5-10%) 
greater  in  the  magnetic  field,  which  may  have  had  some  influence  on  the 
separation.  This  effect  may  have  been  because  of  difference  in  the  tubes 
themselves,  difference  in  radiation  and  temperature  conditions  (one  tube 
being  warmed  slightly  by  proximity  to  the  poles  of  the  magnet)  or  be- 
cause of  the  larger  Bquid  surface,  caused  by  the  attraction  of  the  liquid 
toward  the  poles. 

By  examination  of  the  figures  it  can  be  seen  that  in  each  comparison 
less  oxygen  came  off  dining  the  early  part  of  the  distillation  in  the  mag- 
netic field  than  in  a  similar  distillation  outside  the  magnetic  field.  It 
is  evident,  therefore,  that  there  was  a  tendency  toward  a  better  separaticm 
and  it  appears  that  the  magnetic  field  has  some  beneficial  influence  upon 
the  separation,  although  the  limited  munber  of  experiments  made  did  not 
conclusively  prove  this  point.  The  results  of  Plate  4,  when  compared 
with  those  given  in  Plates  2  and  3,  indicate  that  the  filings,  if  of  any  in- 
fluence, did  not  improve  the  separation. 

The  separation  of  two  misdble  liquids  of  approximately  the  same 
boiling  point  by  a  fractional  distillation  depends,  of  course,  primarily 
upon  the  difference  in  the  partial  vapor  pressure  of  each  of  the  constit- 
uent liquids  at  the  boiling  point  of  their  mixtures.  Unless  we  assume, 
therefore,  that  the  vapor  tension  of  liquid  oxygen  is,  in  effect,  changed 
by  the  influence  of  a  strong  magnetic  field  (due  either  to  real  change 
in  the  equilibrium  pressure  or  to  a  mechanical  holding  bade  of  oxygen 
in  the  field)  it  is  difficult  to  explain  why  such  field  should  produce  any 
effect  upon  the  fractional  separation  of  the  gases. 

It  has  been  impossible  for  the  author  to  continue  this  investigation 
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in  order  to  determine  the  influence  of  the  many  important  factors  which 
would  affect  the  results  and  it,  therefore,  is  undesirable  to  draw  any 
final  conclusions  as  to  the  magnitude  or  the  importance  of  the  separa- 
tion of  the  gases  by  distillation  within  a  magnetic  field  either  upon  a 
small  or  a  large  scale. 

The  author  desires  to  express  this  thanks  for  the  assistance  rendered 
by  Mr.  F.  J.  Bates  and  Mr.  P.  P.  Phelps  in  the  operation  of  the  laiige 
magnet  and  in  the  magnetic  calculations  and  to  Mr.  F.  S.  Durston  for 
the  preparation  of  the  Uqtiid  air  required  for  the  work. 

BUKBAU  OP  STAMDARDS, 

Washuotok,  D.  C 


[Contribution  from  the  Wolcott  Gebbs  Memorial  Laboratory  of  Harvard 

Univbrsity.  ] 

A  SYNTHERMAL  REGULATOR,  A  DEVICi^FOR  AUTOMATICALLY 
MAINTAmiNG  AN  ADIABATIC  CONDITION 

IN  CALORIMETRY. 

Bt  Tbbodoks  W.  Rxcbards  and  Gsosob  D.  Osgood. 
Received  April  26.  1915. 

The  method  of  adiabatic  calorimetry,  as  recently  developed  in  the 
Harvard  Chemical  Laboratories,  demands  that  the  bath  smrotmding  the 
calorimeter  should  be  changed  in  temperature  at  the  same  rate  as  the  cal- 
orimeter itself,  so  that  no  heat  should  be  lost  or  gained  dining  the  calori- 
metric  determination.  The  outside  bath  has  therefore,  been  heated  or 
cooled  either  by  a  suitable  chemical  reaction,  or  by  hot  or  cold  water,  or 
by  electricity,^  so  as  to  keep  pace  with  the  inside.  Heretofore  this  quanti- 
tative identity  of  temperature  has  usually  been  established  from  moment 
to  moment  by  the  experimenter,  who  has  observed  both  temperatures, 
and  acted  accordingly.  That  this  technique  is  feasible  and  accurate 
has  been  abundantly  proved;  but,  nevertheless,  with  quick  reactions  the 
method  makes  considerable  demands  upon  the  operator;  accordingly, 
it  seemed  worth  while  to  arrange  an  automatic  device  for  relieving  him 
of  strain.    Such  a  device  might  be  called  a  "synthermal  regulator/' 

Obvious  methods  for  accomplishing  this  end  will  occur  to  any  one  familiar 
with  this  kind  of  problem.  A  multiple  thermocouple  or  a  pair  of  resistance 
thermometers  might  be  connected  with  a  delicate  galvanometer  in  such 
a  fashion  that  any  inequality  in  the  temperature  of  the  two  baths  wotdd 
cause  a  deflection  in  a  galvanometer,  and  thus  through  a  relay  operate 
a  mechanism  for  equalizing  the  temperature,  but  it  would  be  difficult 
to  provide  an  adequate  relay.  A  differential  mercury-,  or,  better,  a  differ- 
ential gas-thermometer  might  be  used  to  attain  the  object  sought,  and  this 
seemed  much  more  promisiiq;^    Because  the  relay  seemed  to  be  the 

^  Richards,  This  Journal,  aZf  1280  (1^09);  see  also  Benedict  and  Higgins,  Ihid., 
3a,  462  (1910). 
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cntdol  part  of  the  contrivanoe,  and  because  t^ 
last-named  method  reqiiifts  a  leaa  aetiaitive  relay 
tiiao  the  othera,  it  Iras  tested  fitst,  sod  is  de- 
scribed herewith;  With  a  diffeiential  gas  ther- 
mooHter,  in  which  contact  is  made  between  a 
my  fitip  plntrntim  point  and  a  amaU  meniscust  a 
billy  strong  ekctiic  cancnt  may  be  sharply  made 
and  broken;  and  this,  Oaougb  a  common  long- 
distance telegnqifa  relay,  can  govern  a  powerful 
cmrait  capaUe  dther  of  directly  beattt^  the  ont- 
side  bath  or  of  operatjng  any  deared  mechanism 
for  this  purpose. 

The  differential  thermometer  took  the  form  tl- 
Imtisted  in  Fig.  i.  Two  rowided  copper  or  niver 
q'hndets,  holding  each  about  3&  oc.,  were  ^- 
tacbed  by  de  Ehottnsky  cement  or  sealing  wax 
(afterwards  oovered  with  paraffin  to  protect  frotn 
caustic  liqatds)  to  a  very  narrow  glass  U  tube 
(1.5  mm.  diameter)  with  buUM  of  familiar  form. 
SuitaUe  stopcocks  were  pnmded  above  bo  that 
llie  wfade  contrivance  could  be  filled  with  hydro- 
gen (chosen  because  of  its  great  conductivity) 
and  conveniently  adjusted.  A  finely  pointed  plati- 
mim  wire,  containing  8%  of  iridium,  was  sealed 
ato  one  of  the  bulbs  90  as  to  make  contact  with 
mercury  at  the  widening  of  the  caiHUary  U-tube. 
This  differential  thermometer  is  highly  sensitive, 
qiiii±ly  making  and  breaking  contact  within 
i/ioo".  It  should  be  set  up  with  the  platinum 
wile  outward,  so  aa  to  make  the  current  when  the 
ianer  vessel  is  the  wanner.  The  electromotive 
force  v£  the  cwrent  employed  should  be  moder- 
atdy  low,  to  diminish  spaiUng;  and  the  hydrogen 
BOBt  be  pure  to  av6id  combustion,  because  the 
removal  of  hydrogen  in  this  way  may  cause 
dianges  in  the  setting.  The  current  thus  made 
and  bnAen  is  sent  through  a  good  relay  as  al- 

ready  indicated.  ^IT^  Riwui^aw.. 

Witharegulatingcurrentthusmadeand broken,  ^^  ^^  C-*01a«  atopcocki 
it  is  possiWe,  as  stated,  to  operate  a  variety  of  for  filUm  and  regulation, 
mechanisms  for  regulaUng  the  temperature  of  the  ^^SSf^iS^  "^' 
outer  bath  of  the  calorimeter.  In  our  first  experi-  £ — Verjrfineljrpointedpkt- 
nrats  m  used  the  strong  current  for  tuiBing  c«  SS  S^.^^i^" 
•nd  off  the  flow  of  sulfuric  acid  into  the  outer  F — Cement  joint  attochlac 
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bath,  which  contained  «lkaU;  the  current  was  led  tiirotigfa  an  dectio- 
magnet  which  operated  a  plunger-valve  in  the  deli^^^ering  vessel.  For 
cooling  reactions,  ice-water  could  obviousljr  be  delivered  in  a  similar 
way.  Unless  the  size  of  the  jet  is  rather  carefadly  ptidportioned  to  its 
task,  this  device  was  found  at  times  to  admit  too  much  liquid  at  ixioe, 
overstepping  the  mark;  we  overcame  this  diffictdty,  with  a  oovistant  jet, 
by  cutting  off  the  current  every  few  seconds  with  the  help  of  a  constantly 
rotating  circular  key. 

With  af|)aratus  thus  constituted,  it  was  found  that  equality  in  ttmpex^ 
ture  between  the  inside  and  outside  vessels  oould  be  usually  maintained 
within  o.o2^  or  at  most  0.03  ^  even  when  the  rise  in  temperature  in  the 
baths  was  rapid.  With  slow  temperature  changes  the  adjustment  is 
even  better.  Thus  it  is  capable  of  rendering  real  service  in  adiabatie 
calorimetry,  and  might  also  be  useful  in  regulating  a  bath  around  apparatus 
for  determining  freezing  points,  or  in  other  similar  exigencies. 

This  apparatus  was  devised  in  the  autumn  of  1912.  More  recently, 
one  of  us,  with  the  collaboration  of  Dr.  S.  Tamaru,  has  used  it  in  a  different 
way:  the  stronger  current  of  electricity  from  the  relay  was  employed  di- 
rectly for  heating  the  outside  bath.  Although  not  so  suitable  for  very 
rapid  reactions  as  the  method  of  adding  sulfuric  add  to  alkaU,  this  method 
is  very  convenient  for  moderately  slow  ones;  and  we  found  that  the  r^^ 
later  worked  sufficiently  well  for  many  purposes  when  used  in  this  way. 
In  the  course  of  this  later  work  the  importance  of  equality  of  presaure 
in  the  two  metal  bulbs  at  the  moment  of  electrical  contact  became  evident 
This  is  easily  adjusted  by  the  stopcocks  and  slight  tilting  of  the  apparatus. 
Otherwise,  of  course,  the  quantity  Ap/M  may  be  perceptibly  different  on 
the  two  sides,  and,  therefore,  a  progressing  deviation  of  the  two  tempera- 
tures may  occur. 

The  chief  difficulty  with  very  rapid  reactions  seems  to  be  the  lack  oT 
equable  distribution  of  the  heat,  especially  in  the  inner  calorimeter  vessel. 
If  the  different  parts  of  this  vessel  are  unequal  in  temperature,  of  course 
the  action  of  the  differential  thermometer  will  be  irregular.  Evidently 
very  efficient  stirring  is  necessary  in  both  the  inner  and  the  outer  vessel. 

We  are  indebted  to  the  Carnegie  Institution  of  Washington  for  much 
of  the  apparatus  used  in  these  experiments. 

Summary. 

In  brief,  a  delicate  differential  hydrogen  thermometer  with  a  sensitive 
merctuy  contact  was  devised.  This,  with  the  help  of  a  relay,  enabled 
a  stronger  current  to  operate  a  heating  or  cooling  mechanism  for  causing 
one  bath  to  follow  the  temperature  of  another  within  0.03  *.  The  apparatus 
which  may  be  called  a  "synthermal  regulator,"  is  of  service  in  adiabatie 
calorimetry,  or  in  other  cases  where  identical  but  changing  temperatures 
are  deshed  in  two  contiguous  vessels. 
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All  QCPROVBD  QUARTZ  MBRCURT-VAPOR  LAMP  FOR  BIO- 
LOGICAL AlTD  PHOTOCHEMICAL  INVESTIGATIONS. 

Bt  W.  T.  Bovm. 
XMclTtd  Apffl  29.  1915. 

In  a  former  paper^  tbe  writer  described  a  simple  quartz  mercury-vapor 
temp  for  photochemical  investigations.  In  the  present  paper  a  much  more 
powerful  lamp  is  described.  The  improved  lamp  is  so  simple,  efficient 
and  duiaMe  that  the  emplcyment  of  ultraviolet  light  in  biological  and 
fhffiiiral  investigations  should  be  decidedly  facilitated  by  its  use. 

The  principles  of  the  mercury  air-pump  have  been  incorporated  into  the 
design  so  that  no  pump,  other  than  an  ordinary  water  aspirator,  is  required 
to  exhaust  the  lamp  to  a  very  high  vacuum.  This  feattu^  not  only  does 
away  with  all  troubles  connected  with  the  original  exhaustion  of  the 
lamp,  but  makes  it  possible  to  re-exhaust  the  lamp  quickly  and  easily 
at  any  time.  The  lamp  can  be  re-exhausted  without  in  any  way  disturbing 
the  diemical  substances  tmder  investigation  and  without  interrupting  the 
eiposaie  for  more  than  a  fraction  of  a  minute.  The  length  of  life  of 
the  lamp  is,  therefore,  limited  only  by  tlie  durability  of  the  quartz.  A 
marimum  of  efficiency  is  obtained  by  constructing  the  apparatus  so  that 
the  exposed  substance  receives  practically  all  of  the  light  given  out.  The 
teoqierature  of  the  substance  which  is  being  investigated  is  at  all  times 
under  the  control  of  theoperator. 

The  lamp  consists  of  a  transparent  quartz  tube,  70  cm.  in  length,  closed 
at  one  end  with  a  stopper  of  invar  and  inverted  in  a  dstem  containing 
pure  mercury.  The  mercury  dstem  (A),  Fig.  i,  is  dosed  at  the  top  by 
a  robber  stopper  B  through  which  the  quartz  tube  passes.  The  air  pres- 
sure m  the  cistern  A  may  be  varied  by  admitting  or  removing  air  through 
the  aide  tube  C.  The  height  of  the  mercury  column  D  varies  with  the  air 
piessure  in  A,  The  quartz  tube  is  of  7  mm.  internal  diameter,  for  the 
peater  part  of  its  length.  It  is  enlarged  at  E  to  form  an  air-trap,  also 
at  F  to  form  a  condensation  chamber,  and  again  at  /  to  form  a  reservoir 
far  a  mercury  seal.  The  construction  of  the  air-trap  E  will  be  understood 
from  the  dniwii^;.  Immediatdy  above  the  air-trap  is  a  water-jacket, 
0.  Water  circulating  through  this  jacket  serves  to  keep  the  positive  dec- 
trode  cod.  This  makes  it  possible  to  greatly  increase  the  current  density 
of  the  arc  The  condensation-chamber  F  has  at  its  lower  end  an  internal 
flange  whidi,  together  with  the  wall  of  the  chamber,  forms  a  pocket  to 
Ud  a  ring  of  mercury  G  which  forms  the  negative  dectrode  of  the  lamp. 
The  wan  of  the  tube  is  thickened  at  H  and  is  grotmd  to  recdve  the  conical 

«nd  of  the  invar  stopper  /.    This  ground  joint  is  sealed  with  mercury  at 

J'  The  top  of  the  quartz  tube  at  /if  is  constructed  so  as  to  fit  dosdy  about 
^  /.  Biecktm.,  20, 315  (1915)* 
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tbe  upper  part  of  the  invsr  stopper.  The 
jcntt  here  i^-made  prsctjcaUjr  ^-tii^  by  a 
ting  of  soft,  rubber  giwV'-''-  1*bi3  coostruc- 
tion  of  tlie  joint  at  K  malces  it  possible  to 
sUgbtly  raise  or  lower  the  invar  stopper 
without  destroying  the  seal  at  J.  A  small 
hole  extends  aloog  the  axis  of  the  upper  part 
of  the  invar  stopper  and  opexa  at  M  into  tbe 
space  between  the  joint  K  and  the  merctuy 
seal  J. 

The  invar  stopper  has  electrical  connec- 
tions with  the  mercury  ring  G  by  the  scrft 
iron  wire  N.  It  is  essential  that  the  lower 
end  of  the  iron  wire  N  tenniaate  in  a  ring 
which  dips  well  beneath  the  surface  of  Hm* 
mercury.  Otherwise  when  heavy  currents 
are  passed  through  the  lamp  and  the  mer- 
cury ring  G  contracts,  due  to  the  so-called 
"{Mnch-phenomenon,"  the  end  of  the  iroa 
wire  will  be  exposed  and  will  be  melted  oS 
because  (A  the  intense  heat  of  the  arc  whic^ 
will  thus  be  formed  between  it  and  the  mer- 
cury ring  G.  The  lower  part  <A  the  wire  is 
further  protected  by  a  small  quartz  tube,  Q, 
the  lower  end  of  which  dips  beneath  tbe 
surface  of  the  mercury.  Without  the  pro- 
tection of  the  quartz  tube  Q.  the  wire  itself, 
instead  of  the  mercury  ring  G,  will  becoane 
the  negative  ekctrode  and  the  heat  thus 
developed  will  cause  the  wire  to  melt. 

The  condensation  chamber  F  ia  oocded  by 
a  copper  radiator  or  better  by  an  air-blast. 

The  upper  surface  of  the  mercury  column 
D  serves  as  the  positive  electrode  ^  the  lamp. 
The  current  is  conducted  to  it  throu{^  the 
iron  wire  P  which  passes  out  through  the 
rubber  stopper  B. 

The  lamp  is  evacuated  as  follows:  The 
top  of  the  invar  stopper  is  connected  by 
means  of  a  rubber  tube  to  the  water  aspim- 
tor.  The  stopper  is  lifted  slightly  so  as  to 
leave  an  opening  at  the  ground  joint  H  and 
the  aspirator  is  started.^Tbe  air  is  thus 


AN  IMPROVED  QUAKTZ  MBRCURY-VAPOR  I^AMP.  1723 

drawn  out  from  the  body  of  the  tube.  The  stopcock  C  is  opened  and  as 
the  quartz  tube  is  evacuated,  the  mercury  column  D  rises.  The  pumping 
is  continued  until  the  mercury  column  reaches  and  passes  the  ground 
joint  at  H.  The  stopper  is  then  pressed  down  so  that  the  joint  is  dosed. 
The  mercury  which  has  passed  above  the  joint  serves  as  an  air-tight  seal. 

The  tube  C  is  now  connected  with  an  aspirator  and  the  air  pressure  in 
tiie  dstem  is  reduced.    The  mercury  column  falls»  leaving  a  Torricellian 
vacuum  in  the  space  below  the  invar  stopper.     In  order  to  remove  the. 
last  traces  of  air  from  the  lamp  it  is  necessary  to  boil  the  mercury  column 
D  during  the  first  ptunping,  and  in  order  to  insure  an  air-tight  seal  at  H 
the  mercury  in  /  must  be  boiled  each  time  the  seal  is  made.  '  The  occluded 
gases  which  are  usually  contained  in  the  iron  wire  N  and  which  are  driven, 
oat  during  the  first  few  "burning  hours"  of  a  new  lamp,  are  removed 
from  time  to  time  by  allowing  the  mercury  column  D  to  rise  past  the  joint 
H.    After  these  gases  have  been  removed,  the  lamp  seldom  needs  to  be 
repumped.     After  pumping,  the  aspirator  is  disconnected  from  the  invar 
stopper  /,  leaving  the  space  above  the  mercury  at  /  open  to  the  outside  air. 
The  invar  stopper  should  not  be  heated  while  it  is  seated  in  the  grind- 
ing at  H.    There  is  sufficient  expansion  of  the  invar  at  high  temperatures 
to  break  the  quartz.    As  long  as  the  partial  vacuum  is  maintained  in  the 
space  above  /,  the  stopper  may  be  held  up  out  of  its  seat  without  losing 
tk  mercury  seal.    The  stopper  is  seated  only  when  the  lamp  has  cooled. 
It  win  be  understood  that  the  Bunsen  flame  may  be  turned  directly  on 
tk  quartz  without  fear  of  breaking.     After  heating  the  lamp  is  cooled 
immediately  by  a  dash  of  cold  water. 

The  lamp  is  operated  on  a  direct  current  in  series  with  a  resistance, 
whidi,  for  volti^es  above  no,  should  be  variable.  It  carries  a  current 
of  from  12  to  15  amperes.  The  maximum  length  of  arc  obtainable  is  de- 
pendent upon  the  voltage  of  the  line  upon  which  the  lamp  is  operated^ 
With  no  volts  on  the  line,  an  arc  of  about  9  inches  can  be  maintained. 
With  220  volts,  the  lamp  bums  with  an  arc  over  2  feet  long.  It  is  es- 
sential that  the  mercury  column  D  be  made  the  positive  electrode;  the 
lamp  win  not  bum  if  the  poles  are  reversed. 

The  solutions  to  be  exposed  to  the  light  are  contained  in  the  triple- 
called  beaker  R.  The  outside  wall  of  the  beaker  is  made  of  glass.  The 
inside  5  is  a  screen  for  absorbing  the  heat  rays.  It  is  a  double-walled 
<iuartz  tube  with  the  space  between  the  walls  open  to  the  outside  through 
the  small  tubes  U  and  V.  The  heat  rays  are  absorbed  by  a  stream  of 
water  which  passes  between  the  walls  of  the  tube.  By  adding  various 
substances  to  the  water,  the  double-walled  quartz  tube  may  be  used  as 
a  selective  light  filter,  or  if  desired,  it  may  be  used  as  a  chamber  in  which 
to  expose  gases.  The  outside  waJl  of  the  beaker  is  joined  at  T  to  the  inner 
part  by^a  rubber  ring  which  forms  the  bottom  of  the  beaker.     Rubber 
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is  very  unstable  under  the  action  of  ultraviolet  light,  and  it  would  be 
better  to  have  a  ground  joint  at  T,  but  the  quartz  tube  used  by  the  writer 
is  too  thin  to  stand  grinding.    The  beaker  has  a  capacity  of  100  cc. 

For  measuring  the  temperature  and  stirring  the  solution  during  the  ex- 
posure, a  device  is  employed  which  is  not  shown  in  the  drawing.  It  oon* 
sists  of  a  hollow  gold  wire  (size  No.  14  Brown  and  Sharp  gage),  bearing 
two  rings  of  gold  which  encircle  the  inside  wall  of  the  beaker.  The  device 
is  given  a  slow  up-and-down  motion  by  a  crank  on  a  driving  motor.  The 
upright  hollow  gold  wire  extends  above  the  beaker  and  is  open  at  the  top, 
so  as  to  receive  one  of  a  pair  of  thermal  junctions  made  up  of  No.  32 
*'Ideal"  and  copper  wires.  The  other  (constant)  junction  is  placed  in  water 
in  a  Dewar  flask  which  is  provided  with  a  thermometer.  The  variable 
junction  is  pushed  well  down  inside  the  hollow  gold  wire.  The  free  ends 
of  the  copper  wires  are  connected  with  a  galvanometer  which  is  sufficiently 
sensitive  so  that  differences  in  the  temperatures  of  the  two  junctions  can 
be  read  to  o.i^ 

The  lamp  is  operated  as  follows:  The  line  wire  is  disconnected  from 
the  invar  stopper  /.  The  beaker  R  is  shpped  off  over  the  top  of  the  lamp, 
atid,  if  necessary,  its  outer  and  inner  parts  are  separated  at  the  joint 
r,  so  that  the  surface  of  the  inner  part  5  can  be  cleaned.  The  beaker 
and  line  wire  are  now  replaced.  The  variable  resistance  is  set  so  that 
when  the  lamp  is  short-circuited  it  will  carry  between  one  and  two  am- 
peres. The  stream  of  water  is  now  started  through  the  water-jacket  O. 
Air  is  admitted  into  the  cistern  A,  causing  the  mercury  column  D  to  rise 
until  electrical  contact  is  made  with  the  electrode  G.  The  air  pressure 
in  the  dstem  A  is  now  reduced,  and  the  mercury  column  falls,  stretching 
out  the  arc  between  D  and  G,  The  variable  resistance  is  now  adjusted 
so  that  the  lamp  carries  the  desired  number  of  amperes.  The  current 
may  be  varied  from  less  than  one  ampere  to  the  full  carrying  capacity  of 
the  lamp. 

Connections  are  now  made  at  U  and  V,  water  is  allowed  to  flow  through 
the  space  between  the  walls  of  the  tube  5,  and  the  solutions  to  be  exposed 
are  placed  in  the  beaker. 

Pig.  2  is  from  a  photograph  of  the  lamp  as  installed  in  the  Biophysical 
Laboratory  of  the  Cancer  Commission  of  the  Harvard  Medical  School. 
The  lamp  is  inclosed  in  a  metal  case  made  from  a  brass  tube  6  inches  in 
diameter.  It  passes  through  a  hole  in  the  table  (the  mercury  cistern  A^ 
Fig.  I,  resting  on  the  shelf  below)  and  is  held  in  an  upright  position  by  a 
light  framework  which  is  attached  to  the  case  near  the  top.  The  brass 
tube,  forming  the  case,  is  split  longitudinally  into  halves  which  are  hinged 
together  along  one  side.  One-half  only  is  fixed  to  the  table,  the  other  mov- 
able half  forming  a  door.  The  tube  can  thus  be  opened,  making  all  parts 
of  the  lamp  readily  accessible. 
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As  installed  in  this  laboratory  the  lamp  case  is  provided  witli  a  flue 
which  passes  up  into  the  ventilator  of  the  chemical  hood.  This  flue  is 
not  necessary  when  the  lamp  is  used  in  connection  with  the  beaker  described 


Pig. .. 
above.    When  used  without  the  beaker,  however,  the  ozone  produced 
makes  the  laboratcny  a  very  unpleasant  place  in  which  to  work,  unless 
vane  means  are  provided  for  carrying  the  exposed  air  out  of  the  room. 
Tlie  flue  also  disposes  of  a  great  deal  of  heat. 

It  is  difficult  to  give  an  accurate  description  of  the  intensity  of  the 
light  produced.  Judging  from  the  current  density  the  light  is  much  more 
intense  than  that  produced  by  any  lamp  which  has  been  previously  de- 
wajed.  Perhaps  the  following  statement  will  serve  to  give  an  idea  of 
the  effidency  of  the  lamp  in  producing  ultraviolet  rays :  It  is  known  that 
^■white  is  slowly  coagulated  by  ultraviolet  rays.  In  order  to  test  the 
lamp,  egg-white  was  diluted  with  water  to  make  a  2%  solution.  The 
xAititm  was  brought  to  its  isoelectric  point  and  filtered  clear;  100  cc.  of 
the  filtrate  were  placed  in  the  beaker  of  the  lamp,  and  the  stream  of  water 
passing  through  the  water-jacket  was  adjusted  so  that  the  solution  of 
egg-white  had  a  temperature  of  16°.  A  flocculent  coagulum  began  to. 
•Ppear  4  min,  alter  the  lamp  was  lighted.  In  this  experiment  the  lamp 
was  canying  a  current  of  1 1  amperes.  (The  amount  of  light  probably 
varies  as  the  square  of  the  current  density.) 


It  will  readily  be  seen  that  the  lamp  is  simple  to  operate  and  of  great 
efficiency.     It  is  hoped  that  it  will  prove  to  be  of  value  in  extending  the 
use  of  ultraviolet  light  in  biological  and  photochemical  investigations. 
CAKBBiDoa,  Mass. 


NOTES. 
A  Simple  Stone-frame  Chemical  Hood.' — In  the  equipment  of 
three  of  the  laboratory  rooms  recently  fitted  out  at  the  Bureau  of 
Standards,  a  somewhat  novel  type  of  chemical  hood  has  been  in- 
stalled, the  design  of  which  is  being  considered  for  general  use  in 
the  equipment  of  the  chemical  building  which  is  now  being  planned  for 
the  Bureau.  It  is  beheved  that  this  hood  solves  a  number  of  difficulties 
which  have  been  met  by  other  chemists  tn  so  satisfactory  a  way  tliat 
a  description  of  it  will  be  of  general  interest.     Fig.  i  shows  the  general 
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duiracter  of  the  simpler  f(^m  of  hood  which  has  been  used.  This  hood 
has  the  following  advantages: 

(i)  It  is  simple,  neat  in  appearance,  of  light  weight,  well  lighted  and, 
for  a  stone-frame  hood,  comparatively  inexpensive. 

(z)  The  inside  of  the  hood,  except  the  floor,  is  almost  entirely  of  gfass. 
There  is  no  wood  or  metal  at  any  point  within  the  hood  nor  are  there 
'  Published  by  penniwioii  at  the  Director  of  the  Bureau  of  Standards. 
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anj''  exposed  jcinta  of  the  atone  frame ;  hence  the'hood  U  practically  as 
resistant  to  chemical  action  as  an  all-f^lass  vessel. 

(3)  There  are  no  doots  or  other  movable  parts,  hence  no  mechanism 
to  tnealc  or  get  out  of  order.  The  hood  is  so  designed  as  to  give  effideat 
ventilation  when  sufficient  fan  capacity  is  provided.  The  shape  of  the 
hood  with  low  roof  sloping  to  the  front  favors  efficient  ventilation,  reduces 
to  a  mitiimntw  the  suifacc  upon  which  vapors  condense  in  cold  weather, 
and  makes  all  parts  of  the  hood,  both  inside  and  out,  readily  accessible 
for  cleaning.  For  extreme  conditions,  where  do<H^  are  required,  the  second 
fcrm  described  below  may  be  utilized. 

(4)  There  are  no  hcnizontal  surfaces  wiUiin  the  hood  upon  which  dust 
can  collect  and  no  edges  from  which  condensed  steam  or  adds  are  likely 
to  diip  or  spatter  into  vessels  within  the  hoods. 

(5}  A  false  bade  (»  baffle  plate  is  provided  which  very  effectivdy  dis- 
tributes the  draft  over  the  face  of  the  hood  and  provides  openiags  which 
can  be  adjusted  for  fumes  both  lighter  and  heavier  than  air.  This  baffle 
[date  also  prevents  any  dirt  which  falls  or  is  blown  down  the  flue  from  enter- 
ing the  hood  and  contaminating  solutions, 

(6)  The  glass,  which  ionns  the  sides,  partition,  baffle  plate,  top,  and 
front,  slides  into  place  after  the  frame  is  complete  and  requires  no  fastening. 
Any  piece  can,  therefore,  be  removed  for  deaning  or  can,  if  broken,  be 
nplaced  in  a  few  minutes. 

For  use  in  labc^atoties  where  a  hood  with  docn^  is  required,  the  de- 
i^  (rf  the  front  of  the  hood  shown  in  Pigs,  i  and  2  is  dianged  to  that 
dutwu  in  Figs.  3-6.    In  this  form,  the 
horiiontal  stone  strip  across  the  front  1 

of  the  hood,  wliidi  supports  the  front  / 

edge  of  the  roof  glass,  is  ^laped  as  ^ 

Asm  in  section  in  Fig.  5,  in  order 
effectually  to  prevent  dust  from  the  , 

lod  sifting  down  itaside  the  sliding  door. 
Chaimd  irons  are  attached  to  each  f}gZ  l^r/t. 
sde  of  the  wooden  sadi  of  the  doors  seciton  (h^ 
and  extended  down  through  the  base  tap  a^/rpft 
d  the  hood  into  the  pipe  supports,  hoed  >r/f/i, 
Cliains  attached  to  the  lower  ends  of    afoars. 

these  channd  irons  run  over  pulleys  1  ■ 

just  under  the  hood  base  to  counter-  L.    ,    ^..^^  J 

wei^its  hungin  any  convenient  manner 

*t  Uk  back  of  the  hood.  The  cotmterweights  may  be  placed  inside  of 
the  rear  pipe  supports,  if  desired.  By  the  use  of  this  system,  the  doors 
aie  counterwd^ted  by  a  mechanism  that  is  entirely  out  of  the  way  and 
almost  entirely  out  of  sight  without  the  cost  or  waste  of  space  made 
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necessary  by  boxing-in,  as  is  usually  dose  in  stone  hoods,  and  without 
suspending  the  counter  weights  from  any  unsightly  superstructure. 

The  frames  of  these  hoods  are  fastened  together  with  dowels  inserted 
in  holes  drilled  into  the  stone  from  the  outside  of  the  hood  so  that  the  dowel 
will  not  be  attacked  by  add  fumes.  The  back  of  the  hood  is  set  directly 
against  the  wall,  which  is  preferably  covered  with  glass  or  glazed  tile. 

A  separate  vent  through  the 
wall  may  be  placed  for  each 
compartment  or  a  single  vent 
may  be  made  in  the  middle  of 
the  hood  to  draw  equally  from 
the  two  compartments.  The 
height  of  the  vent  and  the 
width  of  opecdng  above  and 
below  the  baffle  plate  deter- 
mine the  relative  amotmt  of 
air  drawn  from  the  top  and 
bottom  of  the  hood  and  may 
be  varied  to  suit  the  charac- 
ter of  the  fumes  which  it  will 
generally  be  desired  to  re- 
move. In  the  hoods  placed  in 
this  Bureau,  openings  of  four 
inches  and  six  inches  are  left, 
respectively,  above  and  below 
the  baffle  plate. 

The  two-compartment  hoods 
without  doors  have  been  in 
use  for  nearly  two  years  and 
have  given  perfect  satisfaction. 
-i-4-^  Fumes  of  all  densities  are  re- 
moved with  equal  facility;  and 
with  an  efficient  ventilating 
fan  in  operation  no  fumes  from 
any  part  of  the  hood  escape 
into  the  room. 

Anemometer    tests 


in  i^ne  compar/7nenti5ec/io?z 
t^rou^h  confer  at /eyif^s  a-a. 


a— 


up/o^f^  /9€xr/  o/'jtone 

/hafne 


were 

made^to  determine  the  volume  of  air  required  to  give  good  ventilation. 
These  tests  were  made  in  the  front  of  the  hood,  both  compartments  of 
which  were  ventilated  by  a  single  duct,  with  only  about  one-third  the 
normal  front  opening,  the  assumption  being  made  that  the  reduction  in 
front  opening  would  not  seriously  affect  the  amount  of  air  which  would 
pass  out  through  the  comparatively  small  vent.    It  was  found  that  about 


two  hnodred  cubic  feet  per  minute  pasted  ihroagh  each  compartiiiaU  and 
that  neither  the  total  anunint  of  air  nor  its  distribution  between  the  tm> 
campartinents  was  materially 
dunged  by  removing  the  baffle 
[date  from  one  compartment. 
Tliis  volume  of  air  would  require 
a  velocity  <rf  about  thirty  feet 
per  minute  over  the  full  hood 
opening.  Immediately  following 
tbese  tests,  and  with  a  full  front 
opoiing,  clouds  (tf  sulfur  trioxide 
were  hberated  in  various  parts 
of  the  hood  and  were  removed 
rapidly  without  contaminating 
tbe  air  of  the  laboratory.  Many 
other  timijpr  trials  have  been 
made  with  clouds  of  smoke,  am- 
monium chloride  and  t^omine 
vapor.  In  every  case  the  ventila- 
tioii  has  been  satisfactory. 

The  ventilation  is  always 
much  better  in  a  compartment 
with  the  baffle  plate  in  place 
than  with  the  baffle  plate  re- 
moved. While  the  hoods  have 
been  in  use,  the  amount  of  air 
passing  through  them  has  usually 
been  omsiderably  less  than  the 
ndume  noted  in  these  tests.  It 
seems  evident  from  our  experi- 
ence with  these  hoods  that  no 
dows  are  needed  for  hoods  of 
this  type  to  insure  adequate 
ventilation  if  efficient  fan  capa- 
city is  provided. 

I  wish  to  express  by  indebted- 
ness to  Mr.  R.  S.  McBride  for 
criticism  and  help  in  the  design 
of  these  hoods  and  to  Mr.  C.  A. 
Stutz  and  the  members  of  the 
Chemical  Building  Committee  of 
the  Bureau  (rf  Standards  for  the 
tests  made  upon  the  hoods. 

E-  R.  Wbavbr. 
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A  EUmpIe^Laboiator;  ^paiatiu  for  th«  Detennliuitloii  of  Caxboa 
Dioxide  by  Loss. — ^The  following  piece  of  apparatus  was  designed  to 
meet  the  need,  in  this  laboratory,  of  an  apparatus  of  the  Schr&tter  type. 
It  is  easily  constructed,  and  is  much  simpler  and  less  expensive  than 
the  SchrStter  apparatus,  and  hence  better  adapted  to  general  labora- 
tory use.  The  add  inlet  is  more  compact  and  efficient  than  that  in  any 
other  similar  simple  apparatus.  The  action  of  the  aUding  valve-tube 
A  absolutely  prevents  any  escape  of  vapors  except  through  the  CaCli 
tube  B.  The  thin  cork  stopper  N,  with  the  glass  tube  L,  the  bore  ctf 
which  is  only  slightly  greater  than  the  diam- 
eter of  the  valve-tube,  prevents  any  evapora- 
tion of  add  in  the  thistle  tube  D. 

Add  is  placed  in  the  thistle  tube  D,  the 
cork  stopper  N  is  put  in  place  and  the  ap- 
paratus is  wdghed.    The  sample  is  added 
to   flask   C,    and   the   apparatus   is   again 
I  wdghed.     The  valve-tube  A  is  pushed  down 

until  the  small  opening  E  comes  below  the 
rubber  tube  H.  When  the  desired  amount 
of  add  has  t>een  allowed  to  flow  into  the  flask, 
the  valve-tube  A  is  raised,  thus  sealing  the 
exit  E.  No  C0»  can  escape  exceptthrou^ 
B.  After  reaction  has  ceased,  the  flask  is  gently  heated  for  a  short  time, 
A  is^  lowered  and  air  is  drawn  through  the  apparatus  to  remove  all  CO^ 
generated.  The  apparatus  is  allowed  to  cool,  is  weighed,  and  the  p&- 
centage  of  carbon  dioxide  is  calculated  from  the  loss  in  weight. 

As  the  apparatus  was  designed  as  a  substitute  for  that  of  the  Schrdtter 
type  it  seemed  best  to  run  a  series  of  paralld  experiments  with  the  two 
pieces  of  apparatus.  Baker's  c.  p.  BaCOi  was  used,  charges  <rf  0.5  g. 
BaCOi  bdug  employed,  with  10  cc.  HNOj  (i  pt,  con.  add  to  i  pt.  water). 
The  percentages  obtained  with  the  SchrOtter  apparatus  were  in  all 
cases  lower  than  the  theoretical.  The  percentages  obtained  with  the 
above  apparatus  were  uniformly  high.  In  the  cases  of  both  pieces  of 
apparatus  an  accuracy  of  0.1%  was  attainable,  which  for  apparatus  uang 
this  prindple  is  sufGdent.  Stuart  P.  Millbk. 


A  Slm|de  Buret  Reader.— The  author,  while  recently  engaged  in  work 
involving  many  titrations,  was  led  to  investigate,  inddentally,  the  differ- 
ent forms  of  buret  readers  available. 

Various  devices,  induding  floats  and  lenses,  were  found  to  possess 
rather  marked  disadvantages.    Floats  are  very  limited  in  application 
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Fig.  I. 


owing  to  the  fact  that  they  must  be  made  to  fit  the  bmet  perfectly  if 
accurate  results  are  to  be  obtained.  Lenses  are  ctmibersome  and  gen- 
eraUy  require  holders  of  more  or  less  elaborate  construction. 

The  reader,  shown  in  Pig.  i,  was  finally  devised  and 
found  to  be  entirely  satisfactory.  It  consists  of  a  disk 
of  ordinary  mirror  glass  (A),  about  35  mm.  in  diameter 
(shaped  roughly  with  a  pair  of  pincers,  and  the  edges 
smoothed  on  a  grind-stone),  with  the  silvering  scraped 
from  a  rectangular  section  (Q,  about  4  X  10  mm.  A 
fine  diamond-line  (a  a')  extends  across  the  face,  perpen- 
dicular to  the  long  axis  of  the  rectangle,  as  shown. 

In  use,  the  reader  is  held  flat  against  the  back  of  the  buret  so  that  the 
rectangle  includes  the  meniscus;  the  diamond-Une,  in  a  horizontal  posi- 
tion, being  made  to  coincide  with  the  graduation  next  below  the  meniscus. 
The  reader  is  rotated  somewhat,  so  that  the  reflections  of  the  graduations 
are  seen  to  one  side.  The  eye  is  then  moved  up  or  down,  the  reader  being 
also  moved  slightly,  till  the  reflection  of  the  graduation,  on  which  the  dia- 
mond-line is  set,  coincides  with  the  diamond-line.  In  that  position,  the 
line  of  sight  is  normal  to  the  buret,  and  paralax  is  avoided.    As  the 

meniscus  is  alwa3rs  in  very  nearly  the 
same  position,  relative  to  the  trans- 
parent rectangle  back  of  it,  the  lighting 
is  constant  and  the  meniscus  always 
presents  the  same  appearance,  making 
accurate  reading  easy. 

In  Pig.  2  is  shown,  somewhat  dia- 
grammatically,  the  appearance  of  the 
reader  in  use.  The  diamond-line  is 
shown  at  (a  a).  The  illumination  is 
shown  by  the  relative  shading.  The 
upper  part  of  the  rectangle  is  shown 
at  (Q  sharply  defined,  while  the  lower 
part  (CO  is  magnified  by  the  solution 
in  the  buret.  The  reflections  of  the  graduations  on  the  buret  are  shown 
at  (6). 

The  advantages  of  this  t)rpe  of  reader  are  the  following: 

1.  SimpUdty  of  construction. 

2.  Sharp,  black  and  constant  meniscus. 

3.  Elimination  of  errors  due  to  paralax. 

Obviously,  this  reader  can  be  used  with  various  t)rpes  of  calibrated 
tubes,  besides  burets,  containing  either  solutions  or  mercury, 

L.  S.  Pratt. 

CnsmcAL  Laboratory.  Johns  Hopkins  Viavnuam. 
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1733  1  K.  GBORGB  FALK  AND  J.  M.  NBLSON. 

(CoNTxiBTmoN  raoH  THB  Hakkhian  Rbsbarch  Laboratory,  RooesvBLT  Hosvital, 

AND  THB  CbSMICAL,  LABORATORY  OP  COLUMBIA  UnIVBRSITY.] 

THE  ELECTRON  CONCEPTION  OF  VALENCE.  VIL  THE  THEORY 

OF  ELECTROLYTIC  DISSOCIATION  AND 
CHEMICAL  ACTION. 

BT  K.  QSOROB  FaUC  AMD  J.  M.  NSX.80N. 

Received  April  26.  1915. 

In  the  further  development  of  the  electron  conception  of  valence,^ 
a  careful  study  of  the  relation  which  the  phenomenon  of  electrolytic 
dissociation  bears  to  this  theory  is  of  interest.  Some  of  the  simpler  re- 
lations were  pointed  out  in  previous  papers.  The  study  of  electrolytic 
dissociation  in  solution  furnishes  experimental  methods  for  determining 
the  distribution  of  some  of  the  charges  on  some  of  the  atoms  of  the  mole- 
cules which  show  such  ionization.  These  methods  for  locating  the  charges 
are  confined  to  substances  which  conduct  the  electric  current  to  a  readily 
measurable  extent  in  solution,  and  are,  therefore,  of  limited  value  only 
for  determining  the  charges  on  the  atoms.  The  VI  Paper  of  this  series 
showed  the  importance  of  the  solvent  in  ionization  phenomena,  a  fact 
which  had  been  emphasized  by  Werner,  Walden  and  others. 

The  relation  between  the  changes  occurring  in  chemical  reactions  and 
the  degree  of  electrol3rtic  dissociation  of  one  or  more  of  the  reacting 
substances  will  be  taken  up  in  this  paper.  For  convenience  of  presenta- 
tion, the  conclusions  reached  in  this  study  will  be  given  at  once  and  then 
some  of  the  Unes  of  evidence  upon  which  these  conclusions  are  based 
will  be  presented.  The  changes  occurring  in  chemical  reactions  do  net 
depend  upon  the  electrolytic  dissociation  of  the  reacting  substances.  The 
chemical  changes  are  accompamed  very  often  by  electrolytic  dissociation 
phenomena,  but  the  latter  parallel  the  former  {or  vice  versa)  and  do  not  neces- 
sarily precede  or  cause  them.* 

In  the  first  place,  it  may  be  pointed  out  that  the  explanations  of  certain 
reactions,  which  at  one  time  had  been  assumed  to  be  purely  ionic  in  char- 
acter, have  in  recent  years  considered  the  tm-ionized  molecules  as  taking 
part  in  the  reactions.  Among  those  who  have  adopted  this  view  may 
be  mentioned  Acree,'  Goldschmidt,*  Bredig,*  Snethlage,*  Dawson  and 

^  For  the  earlier  papers  of  this  series  cf.  School  of  Mines  Quarterly,  30,  179  (1909); 
This  Journal,  a^i  1637  (1910);  33,  1140  (1911);  35i  1810  (1913);  36»  209  (19x4);  37f 
374  (1915);  Orig.  Comm.  8th  Intern,  Congr,  Appl,  Chem.,  6,  212  (1912);  J.  prakt,  Chem. 
(N.  F.),  88,  97  (1913);  Proc.  Am.  Phil.  Soc„  53,  25  (1914). 

'  Similar  views  were  brought  forward  by  J.  W.  Walker  (/.  Chem.  Soc.,  85,  X082 
(1904))  in  several  papers  on  "Ionization  and  Chemical  Action." 

»  Am.  Chem.  /..  37,  410  (1907);  49»  345  (1913). 

*  Z.  physih.  Chem.,  8x,  30  (1913). 

*lbid.,  85,  170  (1913);  Z.  Elektrochem.,  ao,  489  (1914). 

*  Z.  physih.  Chem.,  85,  211  (19x3). 
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Powis,^  Taylor,'  and  Stieglitz.'  The  theory  of  electrolytic  dissoda- 
tkm  does  not  postulate  that  only  ions  react.  ^  In  fact,  it  has  always 
been  taken  for  granted  by  all  except  the  most  extreme  followers  of 
the  theory  of  electrolytic  dissociation,  that  reactions  take  place  between 
un-ionized  molecules. 

In  the  second  place,  certain  physical  properties  of  substances,  which, 
early  in  the  history  of  the  electrolytic  dissociation  theory,  were  con- 
sidered to  be  dependent  upon  ionization  have  since  been  shown  to  be 
independent  of  it.  Thus,  the  color  of  a  salt  in  solution  was  assumed 
to  be  made  up  of  the  different  colors  of  the  ions  and  the  un-ionized  mole- 
cule. Later  work  showed  that  ionization  changes  do  not  affect  the  color 
of  the  substance.  J.  Lifschitz  goes  into  these  relations  in  some  detail 
in  a'review  entitled  ''Die  Aenderungen  der  Lichtabsorption  bei  der  Salz* 
bildung  organischer  S&uren."*  This  fact  will  also  be  brought  out  more 
in  detail  with  some  organic  substances  (the  indicators)  where  the  cidor 
changes  have  been  shown  to  be  due  to  other  reasons.  The  rotation 
of  polarized  Hght  by  salts  has  also  been  shown  to  be  independent  of  the 
ionization.* 

The  explanations  advanced  at  different  times  with  regard  to  the  color 
changes  of  indicators  will  serve  to  illustrate  the  views  which  are  to  be 
brought  forward.  Ostwald  in  1894^  attributed  the  different  c(dor  of  an 
indicator  in  add  or  alkaline  solution  to  the  different  colors  of  the  ions 
and  on-ionized  molecules.  If  the  indicator  substance  itself  was  an  acid« 
the  color  in  add  solution  would  be  that  of  the  un-^onized  molecule,  while 
in  alkaline  solution  the  color  would  be  that  of  the  negative  ion.  If  the 
indicator  substance  was  a  base,  the  color  in  alkaline  sdution  would  be 
that  of  the  un-ionized  molecule,  in  add  solution  that  of  the  positive  ion. 

This  theory  was  shown  not  to  be  general  enough  to  indude  the  ob- 
served phenomena,  and  was  replaced  by  the  ''chemical"  theory  first 
si^igested  (for  phenolphthalein)  by  Bemthsen  and  devdoped  by  Stieg- 
Utz,^  who  was  the  first  to  bring  the  chemical  theory  into  harmony  with 
Ostwald's  theory  of  the  sensitiveness  of  indicators,  and  espedally  by 
Hantzsch,^  who  showed  the  ionic  theory  of  indicators  to  be  highly  im- 

^  J.  Ckem.  Sac.,  103,  2135  (1914). 

*  Z.  Ekktrachem.,  ao,  201  (19 14). 

*  This  Journai.,  35,  1774  (1913)- 

*  Cf.  Arrhenius,  Z.  physik.  Chem.,  a,  247  (1889). 

*  "Sammltmg  chemtscher  und  chemiseh-tecfaniscfaer  Vortrfigc,"  Vol.  2X,  Nos.  5-7 
(1914);  cf.  p.  198  for  the  discussion  with  inorganic  salts. 

*Cf.  A.  A.  Noyes,  "Congress  of  Arts  and  Sciences,"  Universal  Exposition,  St. 
Louis,  4,  322  (1904). 

'  "Die  wissenschaftlichen  Gnindlagen  der  analytischen  Chemie/'  p.  104. 

*  This' JoxjRNAi,,  25,  P12  (1903). 

*  Ber.,  39,   1090  (1906)  and  numerous  articles  since.     Cf.  also  among  others, 
Vorlander,  Lieb.  Ann.,  320,  116  (1902);  Ber.,  36,  1485  (1903). 
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probable.  The  newer  view  considers  eveiy  change  in  color  of  an  organic 
substance  to  be  due  to  an  intramolecular  rearrangement.  Indicators 
form  a  special  group  in  so  far  as  the  intramolecular  rearrangements  in 
their  case  are  tautomeric  in  character  and  include,  therefore,  in  most 
cases  the  shifting  of  a  hydrogen  atom  in  passing  from  one  form  to  the 
other.  The  production  of  ions  is  secondary  in  the  tautomeric  changes, 
and  if  the  ions  are  colored,  it  is  because  the  tm-ionized  molecules  from 
which  they  are  derived  are  colored.  The  equilibrium  between  the  tautomeric 
forms  of  a  substance  depends  upon  a  variety  of  factors  such  as  solvent, 
temperature,  small  amounts  of  certain  added  substances  such  as  acids 
or  bases,  etc.  To  illustrate  this,  a  few  results  obtained  with  ethyl  aceto- 
aoetate  may  be  quoted.  The  equilibrium  between  the  tautomeric  forms 
varies  greatly  in  different  solvents,  the  extreme  values  given  by  K.  H. 
Meyer ^  being  0.4%  enol  form  present  in  3-5%  aqueous  solution  at  o®» 
and  48%  in  hexane  at  20^.  Hantzsch'  recently  showed  the  important 
part  played  by  solvents  in  affecting  the  equilibrium  between  the  tau- 
tomeric forms  of  some  indicators,  and,  therefore,  the  color  changes  of 
indicators.  The  action  of  acid  and  of  alkali  on  the  equilibrium  between 
tautomeric  forms  is  well  known.*  Similar  actions  take  place  with  indi- 
cators in  aqueous  solution,  one  form  predominating  in  the  presence  of 
adds,  the  other  (tautomer)  in  the  presence  of  bases.  In  practical  titra- 
tions, the  indicator  substance  is  present  in  such  small  concentration  that 
the  color  change  which  accompanies  the  transformation  of  one  tautomer 
into  the  other  is  very  marked  with  the  relatively  small  amount  of  added 
substance  necessary  to  produce  it.^  Other  changes  of  conditions  may 
be  considered  similarly  for  the  indicators  as  a  special  dass  of  tautomeric 
substances.  In  general,  it  may  be  stated  that  the  various  factors  whidi 
influence  the  equilibriumf^between  tautomers  also  influence  the  equi- 
librium between  the  different  tautomeric  forms  of  indicators,  and  that 
the  question  of  the  dectrol3rtic  dissodation  of  the  indicator  substances 
does  not  enter  into  the  theory  of  their  color  changes  as  asstuned  in  the 
earlier  theory,  although  it  appears  to  be  connected  with  one  of  the  fac- 
tors involving  the  sensitiveness. 

Esterification  and  saponification  reactions  are  catalyzed  by  adds 
or  bases.  Until  recently,  the  hydrogen  or  hydroxyl  ions  were  asstuned 
to  be  the  catalysts,  but  the  evidence  brought  forward  recently  showed 
that  catalytic  action  by  the  un-ionized  molecule  must  also  be  assumed. 
These  reactions  will  now  be  taken  up,  but  in  order^to  devdop  the  sub- 

»  Ber.,  45,  2843  (1912). 

*  Z.  Elektrochetn.,  20,  480  (1914);  Ber.,  48,  158  (1915). 

*  For  example,  cf.  Hantzsch,  Ber.,  43,  3052  (19 10)  for  the  action  of  alkalis  on 
ethyl  acetoacetate. 

*  In  this  connection  cf.  A.  A.  Noyes,  This  JoxntNAi,,  3a,  815  (19x0). 
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j€ct  logically,  it  will  be  necessary  to  describe  a  number  of  simpler  re- 
actions first.  These  reactions  will  be  considered  from  the  standpoint 
of  the  primary  formation  of  addition  compounds  followed  by  their  de- 
composition. Kekul^,  in  his  textbook,^  brought  forward  the  View  of 
primary  addition  followed  by  decomposition  in  organic  reactions.  Van't 
Hoff,'  in  1878,  came  to  similar  conclusions  with  regard  to  some  reactions 
which  had  been  considered  to  be  direct  substitution  reactions  before. 
Michael  has  brought  out  much  experimental  work  showing  the  same  re- 
]ati<Mi8,  and  considers  addition  to  play  a  greater  part  in  reactions  than 
has  generally  been  assumed.    Similarly,  Emil  Fischer'  stated  recently^ 

"  .  .  .  ea  bricht  sich  immer  mehr  die  Ueberzengimg  Bahn,  das  allgemein,  aucfa 
bd  fewAhnlicfaen  Substitutioiiavorgftngeii  voiiibergehende  Additionen  stattfiaden,  wit 
esidum  Kekul6  u.  a.  ffir  wahracheinlich  erklart  haben." 

A  nmnber  of  other  workers  might  be  quoted  to  the  same  effect. 

It  is  well  known  that  amines  and  alkyl  haUdes  combine  to  form  sub- 
stituted ammonium  halides  under  certain  conditions,  and  that  under 
diflferent  concfitions  (rise  in  temperature,  or  addition  of  alkaU)  the  latter 
decompose  into  amine  and  alkyl  halide.  An  equihbrium  exists  in  these 
reactions  between  amine,  alkyl  halide,  and  ammonium  salt  which  may 
be  represented  by  the  formulas  .T^*T>. 

+  +  /:V  '-^X 

+\-4+l/  _^      -+     /-+- 


R^  ^X 


>  < 


i- 


:/ 


7 


The  course  taken  by  the  reaction  depends  upon  the^^vflQ^m^l^l-elation 
and  whether  any  of  the  substances  may  be  removed  f rornlOSe  sphere  of 
action.  If  more  than  one  species  of  alkyl  radical  is  present,  the  reac- 
tion may  proceed  in  different  way^  as  shown  by  the  following  equilibria: 


+ 

R ^N 


/ 


+ 
R' 


^x 


RiR'N  +  RX 

II 

RiN+ROC 


II 

U  more  than  two  kinds  of  alkyl  groups  are  present,  the  number  of  possi- 
hiKties  is  increased  correspondingly.  In  general  terms,  each  of  the  posi- 
tive groups  is  capable  of  uniting  with  the  negative  group,  and  there  will 
be  as  many  possible  equilibria  as  there  are  different  species  of  positive 

'  VoL  X,  149  (1859). 

*  "Anskfaten  fiber  die  organische  Chemie,"  z,  pp.  335,  244. 

» Btr.,  40,  495  (1907). 
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groups.  The  fact  that  a  number  of  possibilities  exists,  does  not  neces- 
sarily mean  that  all  the  reactions  will  occur  to  appreciable  extents.  The 
ones  which  will  be  observed  are  those  for  which  the  reactions  proceed 
with  the  greatest  velocities  and  where  one  or  more  of  the  products  is 
removed  from  the  sphere  of  action.  As  an  example  of  the  former,  one 
of  the  reactions  described  by  Wedekind^  may  be  quoted:  Benzylallyl- 
phenylmethylammonium  iodide  (prepared  from  allyl  iodide  and  benzyl 
phenylmethylamine,  or  from  benzyl  iodide  and  allylphenylmethyl* 
amine,  or  from  one  of  the  other  iodides  and  the  corresponding  amine) 
when  heated  alone  or  in  aqueous  solution  formed  benzyl  iodide  and  allyl* 
phenylmethylamine,  the  halogen  uniting  with  the  radical  containing 
the  largest  number  of  carbon  atoms.  To  illustrate  the  latter,  trimethyl- 
ammonium  iodide  in  the  presence  of  alkali  forms  trimethylamine  and 
hydrogen  iodide,  because  the  latter  combines  with  the  alkali.' 

+  + 

CHiv  :^H  J 

+       \    /\  ^±^     (CH,),NH -I- CHiI 

CHi N     i 


/  \i 


II 


TV  ;\- ^       5=1.     (CH,),N  +  HI 

CH,"'^  5  ^I 

II 

The  reaction  proceeds  to  the  right  according  to  (II).  An  interesting  re- 
action belonging  to  this  type  is  that  between  cylanogen  bromide  and 
a  tertiary  amine  in  which  addition  takes  place  to  form  the  trialkylcyan- 
ammonium  bromide,  which  then  decomposes  into  dialkylcyanamine 
and  an  alkyl  bromide,  the  alkyl  group  of  smallest  molecular  weight  com- 
bining with  the  bromine.* 

These  reactions  involve  no  electrolytic  dissociation,  but  depend  upon 
the  formation  of  an  onium  compound  of  nitrogen.  After  being  formed, 
these  ammonium  compounds  may  show  electrolytic  dissociation  in  suit- 
able solvents,  but  this  follows  their  formation. 

This  type  of  reaction  forms  the  keynote  of  the  reactions  to  be  discussed, 
and  it  will  be  shown  that  it  serves  to  correlate  a  number  of  apparently 
separate  reactions,  including  esterification  and  saponification.'  That 
these  reactions  have  not  generally  been  considered  from  this  point  of  view 
is  doubtless  due  to  the  fact  that  the  onium  or  salt-forming  property 
of  oxygen  is  not  very  marked,  and  the  oxonium  compounds  are  not  as 
readily  isolated  under  ordinary  laboratory  conditions  as  the  coirespond- 
ing  nitrogen  onium  compounds. 

Some  of  the  reactions  of  ethers  are  analogous  to  the  reactions  of  the 

*  Ber.,  35,  766  (1902);  cf.  Claus,  Ibid.,  17,  1324  (1884);  ip^  2785  (1886). 
«  J.  V.  Braun,  Ibid.,  33,  1438  (1900) 

•  Cf.  Henrich,  "Theorien  der  organischen  Chemie,"  p  322  (1912). 
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amines  just  described.  Dimethyl  ether  and  hydrogen  chloride  at  low 
temperatures  readily  form  an  oxonium  salt,  which  decomposes  at  slightly 
higher  temperatures.^ 


+ 


CH,v 


V 


+  / 


+ 
fl 


CHiOH  +  CH,a 


\ 


II 


II 


CI  -^^     (CH,),0-fHCl 


The  equilibrium  in  the  latter  case  follows  (II).    For  reactions  involving 

equilibria  of  a  type  similar  to  (I),  it  is  only  necessary  to  refer  to  the  2^isel 

method  for  determining  methoxyl  groups  by  heating  the  compound  in 

question  with  hydrogen  iodide.    These  reactions  may  be  formulated  as 

follows: 

+  +  I 

R  H        ':^        ROH  +  CH.I 

\  /         n 
o  :;±:      roch«  +  hi 

+  /  V       III 

CHi  I         ^li        CHfOH  +  RI 

The  substance  ROCH«,  when  treated  with  an  excess  of  hydrogen  iodide 
will,  according  to  the  law  of  mass  action,  form  the  oxonium  salt,  which 
in  turn  will  be  in  equilibrium  with  the  substances  represented  in  (I) 
and  (III).  The  excess  of  hydrogen  iodide  in  the  reaction  mixttu'e  wijl 
fonn  water  and  methyl  iodide  from  the  methyl  alcohol  (in  III)  according 
to  the  next  group  of  reactions  to  be  described.  The  net  result  of  the  re- 
action will  be  the  formation  of  methyl  iodide  according  to  Equations 
I  and  III,  directly  in  the  former,  secondarily  from  the  methyl  alcohol 
in  the  latter,  each  molecule  of  methyl  iodide  corresponding  to  a  methoxyl 
group  present  originally.  The  relative  amounts  of  ROH  and  RI  formed 
win  depend  upon  the  relative  velocities  of  the  reactions  of  Equations 
I  and  III,  and  also  upon  the  conversion  of  ROH  into  RI  by  the  hydrogen 
iodide  (next  group  of  reactions). 

The  group  of  reactions,  similar  to  those  just  considered,  except  that 
a  hydrogen  atom  is  combined  with  the  oxygen  instead  of  a  radical,  will 
be  considered  next.  This  group  of  .reactions,  in  which  an  alcohol  and 
an  add  interact,  may  be  formulated  as  follows: 


:j3    HjO  +RX 

I     II 

S^      Z^    ROH  +  HX 

II 

» Flriedel.  Ber.,  8,  548*  ^.  777.  "93.  1348  (187s) 
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Addition  of  alcohol  or  HX,  or  removal  of  H2O  or  RX  would  tend  to  make 
the  reaction  proceed  to  the  right  according  to  Equation  II,  the  reverse 
conditions  according  to  Equation  I.  The  preparation  of  methyl  chloride 
by  passing  HCl  into  a  boiling  solution  of  methyl  alcohol  in  the  presence 
of  zinc  chloride  illustrates  this  reaction.  HCl  is  continually  added, 
CHsCl  is  removed  by  boiling,  and  H2O  by  the  zinc  chloride. 

The  formation  of  ethers  from  alcohols  and  other  similar  reactions 
may  be  explained  by  means  of  the  equations  already  given.  The  course 
of  the  reaction  is  fixed  in  every  case  by  the  principle  of  mass  action  and 
the  relative  velocities  of  a  number  of  possible  reactions. 

The  next  group  of  reactions  which  wiU  be  considered  along  the  same 
lines  contains  in  the  formulas  of  the  substances  a  group  such  as  acetyl 
or  benzoyl  in  place  of  a  simple  radical  R.  With  acetyl  chloride,  for 
example,  the  following  relations  may  be  given: 


HCl  +  CHaCOOH 

II 

H,0  +  CHjCOa 

The  same  products  are  formed  by  starting  with  acetic  and  hydrochloric 
acids.  Removal  of  water  and  addition  of  HCl  increases  the  amount  of 
acid  chloride  formed.^ 

If,  in  place  of  a  second  hydrocarbon  radical  (R)  or  of  hydrogen,  an- 
other acetyl  group  is  introduced,  the  reactions  may  be  formulated  as 
follows: 

+  :         + 

CHjCOv  iyCOCH,  J 

"     HCl  +  (CH,CO)iO 


XI 


H^  i  ^Cl  :5Zt     CHjCOOH  +  CHiCOCl 

II 

These  reactions  represent  the  customary  method  of  preparation  of  add 
anhydrides  from  adds  (or  their  salts)  and  add  chlorides.  An  excess 
•of  add  is  used  and  the  HCl  formed  is  driven  off  by  heat.  Both  of  these 
factors  tend  to  increase  the  formation  of  the  anhydride. 

Similar  formulations  hold  for  all  acetylations,  whether  of  hydroxyl 
groups  or  of  amino  and  imino  groups.  Two  equilibria  may  be  represented 
with  the  oxonium  or  ammonium  compound  taking  part  in  both,  and  the 
factors  involved  in  these  equilibria  determine  according  to  the  law  of 
mass  action  which  products  will  be  formed  in  greater  amounts.     If  the 

1  Cf.  Friedel,  Compt.  rend.,  68,  1557;  ^^r.,  a,  80  (1869). 
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mass  action  effect  does  not  enter  into  the  question,  owing  to  lack  of  ex- 
cess of  one  or  more  of  the  constituents,  or  if  it  enters  equally  for  two 
reactions,  if  a  greater  number  is  possible,  then  the  relative  velocities 
of  the  different  reactions  will  determine  the  relative  amounts  of  the 
substances  formed. 

An  interesting  group  of  reactions  is  that  in  which  one  alkyl  group  and 
one  acetyl  group  (for  example)  are  involved,  as  follows: 

+  +  I 

CH,  COCH,         5it        CHjCOOCHi  +  HCl 

\    /  n 

O  '^^        CH,OH  +  CHiCOCl 

H  CI  :^       CH,COOH  +  CH,a 

This  is  evidently  the  group  to  which  simple  esterification  and  saponi- 
fication may  belong.  Three  equilibria  are  possible  as  indicated.  With 
a  large  excess  of  alcohol,  there  would  be  a  tendency  for  the  substances 
represented  by  (I)  and  (III)  to  be  formed.  With  primary  and  secondary 
alcohols  the  reaction  has  been  found  to  proceed  according  to  Equation 
I;  on  the  other  hand,  with  tertiary  alcohols  reaction  III  takes  place  with 
formation  of  alkyl  haHde.  Also,  if  an  ester  such  as  ethyl  acetate  is  heated 
^ith  gaseous  hydrogen  halide,  acetic  add  and  ethyl  halide  are  formed. 
The  velocity  of  this  reaction  is  greatest  with  hydrogen  iodide,  smallest 
with  hydrogen  fluoride,  decreasing  with  decrease  in  the  atomic  weight 
of  the  halogen.^  In  these  last  experiments,  the  reaction  yielded  the  prod- 
ucts shown  by  III  because  the  hydrogen  halide  was  present  in  excess. 
This  group  of  reactions  takes  place  if  water  is  absent,  or  present  in  in* 
appreciable  quantities  only. 

In  all  of  these  reactions,  in  the  equilibria  between  the  oxonium  com- 
pomids,  and  the  possible  products  of  the  reactions  only  very  small  con- 
.centrations  of  the  former  need  be  assumed  to  be  present  at  any  time 
under  ordinary  conditions  of  working.  They  may  therefore  be  considered 
to  be  intermediate  products,  the  decomposition  products  being  the  sub- 
stances actually  obtained. 

If  alcohol  and  acid,  or  ester  and  water,  are  brought  together,  the  fol- 
lowing relations  hold : 

+  +  I  r       +  - 

R  COR'      7*^     ROH  +  R'COOH    "^I^    R  OOCR' 

\    /  n  ir       \  / 

o  ^r*:  Hs  -h  R'cooR      ^±i         o 

+/     \~  HI  III'      +/    \+ 

H  OH  5±:    ROH  -I-  R'COOH    ZjSl    H  H 

K  the  dissociation  takes  place  according  to  (I),  (I'),  or  (III),  (III'),  al- 
'Sapper,  Ann,,  an,  178  (1882). 
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cohol  and  add  are  formed,  if  according  to  (II),  (II  0»  water  and  ester.  ^ 
Excess  of  alcohol  or  acid  will  increase  the  proportion  of  ester  and  water 
formed;  removal  of  water  increases  the  proportion  of  ester,  etc.  The  eqtii- 
librium  constants  of  the  reaction  between  these  substances  will  depend 
in  each  case  upon  the  equihbria  with  the  oxonium  salt.  The  velocity 
of  the  reaction  to  form  the  oxonium  salt  and  the  velocity  of  the  decompo- 
sition of  the  oxonium  salt  are  small,  as  a  rule.  The  addition  of  small 
amounts  of  HCl,  H2SO4,  or  other  acid  increases  the  velocities  of  esteri- 
fication  and  saponification  greatly.  These  increases  in  velocity  are  con- 
nected with  the  ability  or  the  velocity  with  which  oxonium  salts  are 
formed. 

A  better  understanding  of  these  relations  may  be  obtained  by  first 
considering  some  simpler  analogous  reactions.  Dry  ammonium  chloride^ 
when  heated,  slowly  dissociates  into  ammonia  and  hydrogen  chloride.* 
When  moist,  very  much  more  rapid  dissociation  takes  place.  In  the 
latter  case  there  is  a  partition  of  the  HCl  between  the  NHa  and  the  water. 
If  this  is  true  of  dissociation,  it  should  also  be  true  of  combination.  Dry 
HCl  adds  slowly  to  dry  NH3  to  form  an  onium  salt.  It  should  also  add 
slowly  to  H2O.  Ordinarily,  however,  water  is  made  up  of  ''double" 
and  perhaps  more  con^plex  molecules  in  which  onium  oxygen  is  already 
present;  HsO.OH,  etc.  A  number  of  other  facts,  some  of  which  will 
be  given  later,  together  with  the  experiments  just  indicated,  suggest 
as  a  possible  explanation  of  these  phenomena  that  onium  compounds 
react  more  rapidly  than  do  the  same  constituents  when  not  combined 
in  the  onium  form.  In  other  words,  the  positive  and  negative  compon- 
ents of  an  onium  compound  add  to  some  other  atom,  or  atoms,  in  the 
onium  manner,  rapidly  in  comparison  with  the  rate  of  addition  of  the 
same  constituents  when  not  combined  in  this  way.  The  parallel  phe- 
nomenon of  electrolytic  dissociation  illustrates  the  same  principle.  Am- 
monium chloride  ionizes  instantaneously  into  NH4  and  CI.  It  may  also 
add  in  the  onium  manner  as  the  same  parts,  to  magnesium  chloride, 
for  example.  One  of  these  actions  does  not  necessarily  depend  upon 
the  other.  Both  depend  upon  a  certain  property  of  ammonitmi  chloride. 
In  the  one  case  this  property  is  measured  by  the  electric  current  which 
the  two  parts  (carrying  opposite  electric  charges)  are  capable  of  trans- 
porting, in  the  other  by  the  amotmt  of  the  compotmd  formed  by  the 
addition  of  the  oppositely  charged  parts  to  a  certain  atom.  Similarly, 
dry  HCl  adds  slowly  to  dry  NH^;  HCl  reacts  rapidly  with  water  oon- 

^  To  this  group  belong  the  fonnation  of  tetramethylammonium  salts  of  acetic 
and  nitric  acids  (as  well  as  betaines  from  the  tertiary  amine  and  ester);  WiUstfttter  a«H 
Kahn,  Ber.,  35,  2757  (1902);  Duvillier  and  Buisine,  Ann.  cMm,  pkys,,  [5]  23,  32a,  331 
(1881). 

>  H.  B.  Baker,  /.  Chem.  Sac,,  65,  6x1  (1894);  73,  422  (1898). 
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sisting  partly  of  double  molecules  contauiing  oxonium  combinations, 
and  these  oxonium  chlorides  then  react  rapidly  with  ammonia  to  form 
ammonium  chloride.  In  brief,  the  catal3rtic  action  of  the  water  may 
depend  upon  the  presence  of  the  oxygen  in  the  onium  form,  which  renders 
these  compounds  capable  of  reacting  more  rapidly  to  form  other  onium 
compounds. 

The  action  of  HCl  as  catalytic  agent  in  esterification  and  saponifica-> 
ticm  will  now  be  taken  up  briefly.  It  is,  of  course,  impossible  to  state 
with  definiteness  just  what  compounds  are  formed  in  a  system  as  complex 
as  the  one  tmder  consideration.  All  that  will  be  done  is  to  give  a  series 
of  reactions  as  a  possible  t3rpe  of  the  cotu'se  of  the  changes.  These  may 
readily  be  modified  to  conform  to  different  experimental  facts.  The 
main  purpose  of  the  presentation  is  to  call  attention  to  the  general  prin- 
ciples underlying  this  type  of  reaction.  The  formulation  for  the  re- 
action between  ethyl  acetate,  water,  acetic  add,  ethyl  alcohcd,  and  hy- 
drogen chloride,  is  as  follows:^ 

A  B 

CH^CO.O.CsHs  +  HCl  TJlJ:  CB^O.O.C^B*  +  HtO 

H    a 

A'  B' 

CHiCO.O.H  +  HO  :^CH,CO.O.H  +  CJI,OH 

H    a 

In  the  first  place,  it  will  be  observed  that  in  the  reaction  between  ester 
or  add  and  HCl,  the  oxonium  salt  is  considered  to  be  formed  with  the 
hydroxyl  oxygen.  This  agrees  with  the  view  of  Gdidschmidt.  Ex- 
perimental measurements  do  not  offer  a  solution  to  the  question  whether 
the  hydroxyl  or  the  ketone  oxygen  is  involved  in  the  salt  formation.* 
The  hydroxyl  or  ether  oxygen  was  chosen  here  in  order  to  bring  tht  re- 
action into  line  with  the  reactions  described  in  the  earlier  parts  of  this 
paper.  The  ester  or  add  hydrochloride  is  an  onium  compound  and, 
therdore,  reacts  rapidly  to  form  a  new  onium  compound  by  the  addi- 
tion of  negative  chlorine  and  positive  complex  to  some  atom  capable 
of  forming  an  onium  combination,  in  this  case  the  oxygen  of  the  water 
or  of  the  alcohol.  In  this  way  reactions  B  and  B'  form  the  substance 
indicated,  containing  two  onitmi  oxygen  atoms.'  The  brackets  do  not 
necessarily  indicate  electrol3rtic  dissodation  of  the  complex,  although 
this  is  a  possible  accompaniment  of  the  reaction,  but  are  only  intended 

^  An  explanation  of  esterification  similar  to  the  one  given  here  was  suggested  by 
Goldacianidt,  Z.  physik.  Ckem.,  70,  642  (19 10) ;  Goldschmidt  and  Thuesen,  Ibid,,  8X9 
65-6  (1912). 

*Stieglitz,  Tms  JotmNAi,,  35,  1776  (1913)- 

'  For  the  experimental  proof  of  the  existence  of  ternary  compounds  of  this  type  of. 
Baum£  and  Pamfil,  /.  chim.  phys.,  12,  260  (19 14}. 
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to  show  in  the  one  case  the  negative  group  combined  with  the  upper  oxygen 
in  the  formula,  in  the  other  case  the  positive  group  combined  with  the 
lower  oxygen.  The  concentration  of  this  complex  substance  at  any  one 
time  is  tmdoubtedly  small.  This  scheme  accounts  for  the  following  facts: 
(i)  The  hydrogen  chloride  bears  the  same  relation  to  the  acid  and  to  the 
ester.  It,  therefore,  catalyzes  the  reaction  in  both  directions.  (2)  The 
onium  compound  formation  depends  upon  the  strength  of  the  acid  catalyst. 
This  is  measured  by  the  degree  to  which  it  breaks  up  in  solution  to  form 
ions,  a  "physical**  property  similar  to  the  "chemical"  property  of  onium 
addition  which  controls  the  rate  of  reaction  with  water  or  alcohol.  (3) 
Increasing  the  concentration  of  water  favors  the  production  of  acid; 
increasing  the  concentration  of  alcohol  favors  the  production  of  ester. 

It  is  evident  that  the  reactions  might  have  been  considered  to  take 
place  between  hydroxonium  chloride  and  ester  or  between  ethyl  hydrox- 
onium  chloride  and  add.^  In  this  case  also,  an  intermediate  complex 
compound  similar  to  the  one  given  would  be  formed.  Other  schemes 
might  be  formulated,  but  the  one  given  seems  to  fit  in  most  satisfac- 
torily with  the  simpler  reactions  and  principles  given  before.  It  is  evi- 
dent also  that  the  organic  add  itself  may  catalyze  the  reaction  by  forming 
double  molecules,  which  as  oxonium  compounds  would  react  more  rapidly 
with  alcohol  than  the  simple  molecules.' 

In  considering  the  experimental  evidence  bearing  upon  the  views 
outlined,  it  will  be  suflSdent  to  indicate  the  large  amount  of  material 
gathered  in  recent  years  regarding  oxonium  salts.  A  number  of  groups 
of  organic  substances  containing  oxygen  have  been  shown  to  form  salts 
with  both  organic  and  inorganic  adds.'  The  results  indicate  that  both 
the  nature  and  the  strength  of  the  add  and  the  character  of  the  organic 
compound  influence  the  readiness  of  formation  and  the  stability  of  the 

^  Suggested  by  H.  Goldschmidt,  Z,  Ekktrochem.,  14,  581  (1908). 

'  Rosanoff,  two  years  ago,  presented  the  results  of  an  experimental  study  of 
esterification  (as  a  part  of  his  general  studies  on  catalysis,  This  Journai*,  35,  173 
(19 13))  by  himself  and  his  collaborators  before  the  New  York  Section  of  the  American 
Chemical  Sodety.  .  The  reactions  were  found  to  follow  the  trimolecular  law  of  reaction 
vdodties  dosely,  two  molecules  of  add  and  one  of  alcohol  taking  part,  and  any  factors 
which  increased  the  polymerization  of  the  acid  increased  the  velocity.  Permission  to 
communicate  these  facts  here  was  granted  by  Professor  Rosanofif,  who  expects  to  com- 
municate the  complete  results  very  soon. 

*  Among  those  who  have  worked  in  this  field  may  be  mentioned  Collie  and  Tickle, 
/.  Chem.  Soc.,  75,  710  (1899);  Collie,  Ibid.,  85,  973  (1904);  v.  Baeyer  and  Villiger,  Ber., 
34t  2679,  3615  (1901);  35i  1201  (1902);  Hoogewerff  and  van  Dorp,  Rec,  trao.  chim.,  ai, 
353  (1902);  Thiele  and  Strauss,  Ber„  36,  2375  (1903);  Vorlander,  Ann,,  341,  i  (1905); 
Plotnikow,  7.  Russ.  phys.  chem.  Ges.,  369  zo88  (1904);  40»  64  (1908);  Stobbe,  Ann,,  370, 
93  (1909);  K.  A.  Hofmann,  Ber.,  43, 178, 183, 2630  (1910);  Mcintosh,  This  Journai*,  3a, 
542  (1910);  Maas  and  Mcintosh,  Ibid.,  34,  1273  (1912);  35,  535  (1913);  Gomberg  and 
Cone,  Ann.,  376, 183  (191 1);  J*  Kendall,  This  Journal,  36,  1222,  1722  (1914);  Kendall 
and  Carpenter,  Ibid.,  36,  2498  (1914);  KendaU  and  Gibbons,  Ibid.,  37,  150  (19x5). 
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oaKmium  salts.  The  formattoa  of  ozonium  salts  need  not  be  considered 
to  be  connected  witb  the  electrolytic  dissociation.  The  readiness  of 
formation  of  the  oxonium  salt  often  parallels  the  electrol3rtic  dissocia- 
tioQ  in  aqueous  solution  of  the  acid,  but  there  is  no  direct  evidence  for 
sach  ionization  in  the  mixttu-es  studied.  What  is  undoubtedly  true  is 
the  fact  that  the  properties  of  these  adds  are  such  that,  when  brought 
into  aqueous  solution  under  suitaUe  conditions,  electrolytic  dissoda* 
tka  is  observed,  and  when  brought  in  contact  with  certain  organic  sub- 
stances, possibly  under  different  conditions,  ozonium  salts  are  formed. 
Furthermore,  the  oxonium  salt  itself  may  well  ionize  in  solution.^  On 
the  other  hand,  while  the  formation  of  oxonitmi  salts  is  not  necessarily 
preceded  by  the  electrolytic  dissodation  of  any  of  the  reacting  substances, 
these  same  compounds  might  be  formed  by  the  suitable  ions  in  solu- 
tioa  reacting.  Either  the  charged  parts  of  un-ionized  molecules  may 
act,  or  ionized  diarged  parts  may  act.  Electrolytic  dissodation  is  a 
special  case  of  charged  atoms,  and  the  reaction  is  fundamentally  the 


It  would  be  possible  also  to  consider  reactions  such  as  sulf onation, 
mtration,  aldol  condensation,  coupling,  the  Grignard,  and  probably 
others,  in  a  similar  way,  but  it  is  impossible  to  go  into  these  in  a  paper 
sach  as  this.  Primary  formation  of  addition  ccmipounds,  followed  by 
their  decomposition  in  different  ways  as  controlled  by  the  law  of  mass 
actioQ  and  the  relative  vdodties  of  the  different  possible  reactions  form 
the  basis  of  these  views. 

The  theory  of  dectrdytic  dissodation  has  proven  of  greatest  value  in 
stodying  the  reactions  of  inorganic  chemistry,  espedally  those  taking 
pbce  in  aqueous  solutions.  An  attempt  to  suggest  a  somewhat  differ- 
ot  point  o{  view  for  these  reactions  will,  naturally,  meet  with  opposi- 
tion, unless  it  can  be  shown  that  this  new  view  not  only  retains  all  that 
is  good  of  the  old,  but  also  brings  out  new  rdations,  or  explains,  corre- 
btes,  or  accotmts  for  reactions  not  satisfactorily  dealt  with  on  the  older 
view.  The  latter  considers  that  in  aqueous  (and  also  other)  solutions, 
the  ions  of  the  substances  present  are  the  active  factors  in  chemical  re- 
actions. The  dectron  conception  of  valence  considers  that  each  atom 
in  a  molecule  carries  dectric  charges;  the  theory  of  dectrdytic  dissoda- 
tion does  not  go  beyond  this,  but  on  the  other  hand  does  not  go  as  far 
^oA  takes  into  account  only  some  of  the  charges  on  the  atoms  of  the  mole- 
cules. 

The  point  of  view  proposed  here  is  that  the  ions  in  solution  are  formed 

inmi  the  substances,  generally  because  of  certain  properties  of  the  solvent, 

Mid  also  that  due  to  certain,  probably  the  same,  properties  of  the  solvent, 

the  velodty  of  chemical  change  of  the  substances  is  increased.     Both 

*  Cf.  Walden.  Ber,,  34,  4189  (1902);  35,  1764  (1903). 
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phenomena  depend  upon  properties  of  the  solvent  but  not  upon  each  other. 
If  the  properties  of  the  solvent  affect  both  sets  of  reactions  (the  so-called 
chemical  and  physical)  alike,  there  should  be  a  perfect  parallelism  be- 
tween the  two  sets  of  phenomena  and  one  might  then  be  considered  to 
depend  upon  the  other;  otherwise  this  parallelism  will  not  appear.  For 
simple  uni-univalent  salts  this  parallelism  apparently  exists,  and  it  is 
therefore  not  surprising  that  the  ''chemical"  phenomena  have  been  as- 
sumed to  depend  upon  the  ''physical"  phenomenon  of  electrolytic  dis- 
sociation. For  more  complex  salts,  including  the  so-called  double  salts 
and  many  of  the  compotmds  included  in  Werner's  classification,  this 
paralleHsm  does  not  exist  and  a  niunber  of  hypotheses  have  been  sug- 
gested to  account  for  these  deviations. 

In  the  VI  Paper  of  this  series,  it  was  shown  that  in  the  electrolytic 
dissociation  of  uni-univalent  salts  of  the  first  order^  onium  combina- 
tion with  the  solvent  was  a  necessary  preliminary.  In  the  earlier  part 
of  this  paper  it  was  suggested  on  the  basis  of  experimental  facts,  that 
onitmi  compounds  react  more  rapidly  than  do  compounds  not  in  onium 
combination.  This  may  be  the  more  fundamental  phenomenon  (onium 
compound  formation  by  the  solvent)  upon  which  both  dectrolytic  dissocia- 
tion and  reactivity  depend.  The  fact  that  the  electrolytic  dissociation 
may  be  measured  quantitatively  in  several  different  ways  and  that  definite 
numerical  values  may  be  assigned  to  these  degrees  of  ionization  has  re- 
sulted in  this  being  considered  the  fundamental  property  and  the  chem- 
ical changes  based  upon  them. 

As  stated  before,  there  is  no  intention  of  suggesting  that  ions  cannot 
react  chemically.  The  broader  view  is  proposed,  namely,  that  every 
chemical  reaction  is  one  between  charged  atoms.  Since  ions  form  only 
a  special  case  of  charged  atoms,  they  would  be  included.  At  the  same 
time,  many  of  the  explanations  of  reactions  which  have  heretofore  been 
attributed  to  ions,  may  find  a  more  rational  explanation  in  other  ways. 
This  will  now  be  illustrated  by  a  group  of  reactions  of  inorganic  chemistry. 

The  theory  of  hydrolysis  of  Werner*  and  Pfeiffer'  may  be  combined 
with  the  views  developed  in  this  paper.  They  consider  hydrolytic  reac- 
tions to  be  dissociation  reactions  which  may  be  formulated  as  follows: 
RHX^JI^R  +  HX.     In  terms  of  the  electrolytic  dissociation  theory, 

the  equation  would  be  written  RH  +  X^^I^R  -f  H  +  X.  The  hydrolysis 
depends  mainly  upon  the  affinity  of  R  and  H  for  each  other.  A  special 
case  may  be  quoted  from  Werner.     With  metallic  hydroxides,  the  hy- 

^  Werner  "Neuere  Anschauungen  auf  dem  Gebiete  der  anorganischen  Chemie," 
III  edition,  1913,  p.  89. 

*  "Neucre  Anschauungen,"  pp.  232-237  (19x3)- 
'  Ber.,  40,  4036  (1907). 
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drolytic  dissociation  may  be  represented  by  the  equation 


Mv  +         -  Mv^         +       _ 

'>OH  +  X     ^f±:         ^  +  H  +  X. 


The  aquo-metal  ammines  react  in  this  way.  For  instance,  the  electro- 
lytic dissociation  of  aquopentanuninecobalti  salts  in  aqueous  solution 
would  be  represented  by  the  equilibrium 

lCo(OH,)(NH.)5]X,  :^  [Co(OH«)(NH,)»]+  +  +  +  3X, 

while  the  hydrolysis  would  be  represented  by  the  equilibrium 

[Co(OH)2)(NH,)6]X,  ^  [Co(OH)(NH,)6]X2  +  HX. 

Just  how  much  to  the  right  this  reaction  proceeds  will  depend  upon  the 
equilibrium  relationships  and  upon  the  concentrations  of  the  substances. 
If  one  of  the  substances  is  removed  from  the  sphere  of  action,  as  for 
instance  HX  by  the  action  of  a  base,  more  of  the  product  of  hydrolysis, 
in  this  case  hydroxopentamminecobalti  salt,  will  be  formed.  The  general 
formulation  is  as  follows: 

X,[A6MC1]  +  H,0  ^  X,[A*MH20]a  :^  X2[A«M0HI  +  HCl 

The  reactions  between  some  metallic  salts,  ammonium  salts,  and  am- 
monia in  aqueous  solution  will  be  considered  now.  Many  of  the  bivalent 
metals  such  as  nickel,  magnesium,  etc.,  form  hydroxides  insoluble  in 
water  but  soluble  in  solutions  of  ammonium  salts.  The  generally  ac- 
cepted explanation  for  the  solubility  in  solutions  of  ammonium  salts 
or  for  the  nonpredpitation  by  ammonia,  if  ammonium  salts  are  present, 
is  that  the  ammonium  ion  of  the  ammonium  salts  drives  back  (or  re- 
presses) the  electrolytic  dissociation  of  the  ammonium  hydroxide  so  that 
the  hydroxide  ion  is  not  present  in  sufficient  concentration  to  exceed  with 
the  metal  ion  the  solubOity  product  of  the  metal  hydroxide.^  The  ex- 
idanation  of  these  reactions  which  will  be  developed  here  depends  upon 
the  hydrolysis  reactions  and  equilibria  outlined  and  upon  the  structtu-es 
of  salts  in  solution  developed  in  the  VI  Paper. 

A  bivalent  metal  halide,  MXs,  will  be  chosen  as  example.     In  water 

H, 
yO— X 
solution  the  compound  M\^  will  be  present  and  negative  X  com- 

H, 
hined  with  O  carrying  a  predominatingly  negative .  charge  will  ionize 

into  [M(OHi)i]++  and  2X.  It  is  probable  that  a  substance  of  this  sort 
win  take  up  more  (generally  four)  molecules  of  water  in  onium  com- 
bmation  with  the  metal  element.    The  complete  formula  may  be  written 

^  Cf.  Loven,  Z.  anarg,  Chem-,  XX|  404  (1896);  Herz  and  Muks,  Ibid.,  38, 138  (1904)* 
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Ht 
O 

tl 


H, 


H,o:;:z:  ii — ^o — ►x 
h,o:5I?1ai — ^o — ►x 

H, 


tl 


o 

H, 

Since  the  last  four  HjO  molecules  are  not  directly  involved  in  the 
iiieoretical  views  to  be  developed,  the  formulas  will  be  written  without 
them.  The  substance  M(0H2)Xs  may  undergo  hydrolytic  dissocia- 
tion as  shown  in  Equilibrium  II. 

H,  I 

<  — X     Z^     [M(OHi)il++ +  aX 
II 
—  X     ^It     M(OH), +  2HX 
H, 

The  reaction  which  will  be  observed  depends  upon  the  equilibria  (affinity 
relationships)  of  (I)^  and  (II)  and  upon  the  addition  or  removal  of  any 
of  the  products.  For  instance,  Equilibrium  II  will  proceed  to  the  right 
if  a  base  is  added.  The  addition  of  the  base  removes  HX  and  causes 
more  M(0Hs)2Xi  to  imdergo  hydrolysis  until  ultimately  only  M(OH)t 
will  be  present.  This  reaction  will  take  place  especially  if  M(OH)i  is 
insoluble,  but  it  is  important  to  note  from  these  equations  that  it  is  due 
to  the  removal  of  HX  by  the  base  rather  ^than  direct  metathesis.  The 
.simplest  way  of  looking  at  the  change,  if  <mly  the  initial  and  final  sub- 
stances and  their  formulas  are  used,  is  MXa  +  aM'OH  «  M(OH)i  + 
2M^;  but  this,  for  one  thing,  leaves  out  of  account  the  action  of  the 

solvent.  Written  in  the  ionic  form  M  +  2OH  =  M(0H)2,  while  ap- 
parently going  back  to  more  fundamental  relationships,  does  not  show 
what  direct  part,  if  any,  the  solvent  plays.  By  means  of  the  equilibrium 
reactions  as  formulated,  the  part  the  solvent  plays  is  made  evident.  Fur- 
thermore this  reaction  is  brought  into  line  with  a  great  number  of  othere 
(a  number  of  which  were  given  in  the  earlier  part  of  this  paper),  and 
also  shown  to  belong  to  the  group  of  hydrol)^c  reactions,  to  which  the 
theoretical  explanations  developed  by  Werner  apply. 

Ammonia  has  been  shown  to  be  analogous  to  water  in  its  reactions. 
Onium  compounds  are  formed  to  a  greater  or  more  readily  observable 
extent  with  it  than  with  water.  If  ammonia  is  added  to'  a  solution  of 
MXj,  it  is  evident  that  a  compound  (H8N^I^)4M( — ►NHa — ►)»Xj, 
or  (omitting  the  four  ammonias  in  onium  combination  with  M) 
JM(NHs)jX2,   may   be   formed.    The   relative   amounts   of   M(OH03Xi 

^  The  "intermediate"  ion  is  not  given  in  this  equilibrium*  but  doubtless  is  present 
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and  of  M(NHi)sXs  which  will  be  formed,  or  the  distribution  of  MXr 
between  water  and  ammonia,  will  depend  upon  the  relative  stabilities 
of  these  compounds  under  the  given  conditions.  The  substance 
M(NHs)sXi  undergoes  electrolytic  dissociation  as  follows:^ 

H, 

yN  — X 
M<r  :j±.     [M(NH,),1-*-*-  +  2X 

^N  —  X 
H, 

Ammonolytic  dissociation  to  form  MCNHa))  and  HX,  analogous  to  the 
hydrolysis  of  the  hydrated  salt,  does  not  seem  to  occur  with  these  com- 
pounds imder  these  conditions.'  The  addition  of  a  base  has,  therefore, 
no  direct  action  on  a  substance  of  this  formula  in  the  way  of  influencing 
the  equilibrium.  Beyond  the  possibility  of  a  direct  metathetical  re* 
actioQ,  the  base  plays  no  part,  as  it  does  in  the  hydrated  salt,  even  if 
the  hydroxide  is  not  soluble.  To  sum  up,  the  possible  reaction  between 
a  base  and  a  substance  MXa  in  water  in  the  presence  of  ammonium  salts 
or  ammonia  will  depend  upon  the  relative  amounts  of  hydrated  and 
ammoniated  salt  present;  if  an  appreciable  amount  of  the  former  is  pres- 
ent, M(OH)j  may  be  precipitated;  if  the  salt  is  entirely  present  as  the 
latter,  no  M(OH)2  will  be  precipitated. 

Ephraim'  recently  published  some  very  careful  studies  on  the  sta- 
bility of  the  metal  ammoniates.  He  determined  the  temperatiu-es  at 
which  the  hexa-ammonia  (and  substituted  ammonia)  derivatives  of  a. 
Bnmber  of  salts  of  the  bivalent  metals  (including  Be,  Ni,  Co,  Pe,  Cu, 
Un,  Zn,  Cd,  Mg)  showed  definite  vapor  pressures.  The  restdts  give 
a  measure  of  the  relative  stabilities  of  these  compounds,  and  consequently 
abo  for  solutions  of  them.  This  gives  no  direct  evidence  as  to  the  dis- 
tnbntion  of  any  given  salt  between  water  and  ammonia  with  both  present 
insolation,  but  does  give  a  relative  meastu'e  of  the  amounts  of  the  am- 
moniates formed  by  a  number  of  different  salts.  For  instance,  the  salt 
NiClj.6NHt  shows  a  vapor  pressure  of  500*  mm.  at  130**,  while  the  salt 
MgCl2.6NH»  shows  the  same  vapor  pressure  at  24.5**.  This  means  that 
a  very  much  smaller  concentration  of  ammonia  would  be  needed  in  solu- 
tion to  form  the  hexa-ammoniate  with  a  nickel  salt  than  would  be  neces- 
sary for  a  magnesitun  salt.  Consequently,  as  a  result  of  the  distribution 
of  the  salt  between  the  ammonia  and  the  water,  the  concentration  of 
ammonium  salt  needed  to  prevent  the  precipitation  of  the  metal  hydroxide 
if  a  base  is  added  would  be  much  less  for  the  nickel  salt  than  for  the 

^  Pos^ble  intermediate  ions  are  omitted. 

*  Perhaps  the  mercury  ammonia  compounds  dissociate  in  this  way  under  suitable 
coodhioiis. 

*^-»  45f  1322  (1912);  46,  3103,  3742  (1913);  47f  1828  (1914);  48,  41  (1915);  ^. 
**yia.  Chem.,  81,  513,  539;  83,  196  (1913). 
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magnesium.  The  salts  studied  by  Ephraim  may  be  arranged  in  a  series 
showing  the  relative  amounts  of  ammonium  salts  needed  to  prevent 
precipitation  if  a  base  is  added.  This  explanation  of  the  action  of  am- 
monitun  salts  in  preventing  the  precipitation  of  the  hydroxides  of  bivalent 
metals  is  advanced  in  place  of  the  usual  theory  of  repression  of  the  dec- 
trol3rtic  dissociation  of  ammonitmi  hydroxide  by  ammonium  salts,  as 
bringing  the  reactions  into  line  with  other  equilibrium  reactions,  and 
as  considering  the  solvent  (including  thereby  dissolved  substances)  as 
the  predominating  influence  in  the  reaction.  These  reactions  are  now 
being  studied  quantitatively  from  this  point  of  view  and  the  results  will 
be  communicated  later. 

It  is  evidently  possible  to  apply  similar  views  to  other  reactions.  No 
more  will  be  taken  up  here  in  detail,  but  only  the  view  will  be  empha- 
sized that  chemical  reactions  need  not  be  considered  to  depend  upon  elec- 
trolytic dissociation.  With  the  atoms  in  a  molecule  all  carr3dng  electric 
charges,  certain  properties  of  a  solvent  make  some  of  these  charges  evi- 
dent to  experimental  methods,  while  certain,  perhaps  very  often  the  same, 
properties  of  the  solvent  increase  the  extent  or  rate  of  a  reaction.  These 
phenomena  are  independent  of  each  other  but  both  dependent  upon  the 
solvent,  or  possibly  some  other  imderlying  cause.  Many  of  the  changes 
which  have  been  considered  heretofore  as  metatheses  involve,  without 
doubt,  primary  addition  and  subsequent  decomposition  or  splitting  off 
in  various  ways  of  the  reacting  molecules. 

N«w  YoMt.  N.  Y. 


[Contribution  from  thb  Mbllon  Institutb,  Univbrsity  of  Pittsbttrgh.] 

USE  OF  IODINE  AS  A  DEHTDRATIN6  AND  CONDENSING 

AGENT. 

Bt  Hamoi^d  Hzbbskt. 
Received  May  3.  1915. 

The  question  of  devising  some  simple  general  method  for  the  dehydration 
of  organic  hydroxy  compounds  has  recently  (on  account  of  its  importance 
in  connection  with  the  rubber  synthesis)  been  made  the  subject  of  con- 
siderable activity  among  chemical  investigators,  as  is  indicated  by  the 
numerous  patents  taken  out  on  this  subject.  In  the  interesting  com^ 
munication  of  Kyriakides^  on  the  "Preparation  of  Butadiene — i  :  3 
Hydrocarbons,"  some  valuable  data  are  quoted  to  show  that  the  dehy- 
dration of  various  glycols  and  alcohols  can  be  readily  brought  about  in 
the  "wet  way"  by  heating  them  with  a  small  amount  of  a  mineral  acid  of 
high  dissociating  power.  It  would  seem  that  the  use  of  such  a  reagent  o£Fers 
many  advantages  over  that  of  such  substances  as  sulfuric  acid,'  potassium 

»  This  Journai.,  36,  980,  987  (1914)- 

*  The  use  of  phosphoric  add  for  the  preparation  of  unsaturated  derivatives  (Newth* 
/.  Chem.  Soc.f  79,  917  (1901)),  has  so  many  advantages  over  sulfuric  add  that  it  is  diffi- 
cult to  understand  why  this  reagent  is  not  more  frequently  employed. 
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tnsulfate,  oxalic  add,  zinc  chloride^  altiminum  chloride,  etc.,  since  the 
fonnation  of  by-products  is  thereby  almost  entirely  avoided.  This 
author  explains  the  dehydrating  action  of  such  acids  as  being  due  to  a 
primary  ester  formation  followed  by  a  subsequent  dissociation  of  this 
into  halogen  add  and  unsaturated  derivative.  A  very  small  amount  of 
mineral  add  suflSces  in  this  way  for  the  dehydration  of  a  large  amount  of 
the  carbinol  or  glycol,  respectively.  Of  considerable  interest  is  the  fact 
that  the  salts  of  these  adds  with  weak  bases  are  also  equally  efSdent 
in  bringing  about  such  decompositions.  Due  to  the  stable  character  of 
the  halide  esters  derived  from  primary  alcohols,  the  method  was  found  to 
be  inapplicable  to  these  compounds. 

Some  two  years  ago  it  was  found  by  the  writer  that  the  marked  dis- 
advantages associated  with  the  majority  of  such  condensing  agents  could 
be  avoided,  and  highly  satisfactory  yidds  of  unsaturated  derivatives 
obtained,  by  heating  the  hydroxy  compound  with  a  minute  quantity  of 
iodine.  Thus  diacetone  alcohol  when  heated  alone  under  ordinary  ptes* 
sore  boils  around  164^,  though  with  considerable  decomposition,  acetone 
being  formed. 

(CH,)2 :  C(0H).CH2.C0.CH,  «  2CH3.CO.CH,. 

When  mixed,  however,  with  as  small  a  quantity  as  1/10,000  part  of 
iodine,  and  then  distilled,  it  breaks  down  into  water  and  mesityl  oxide, 
practically  a  theoretical  yidd  of  the  latter  being  obtained.  '    . 

(CH,)t :  C(OH).CH,.CO.CH,  =  (CH,),  :  C  :  CH.CO.CH,  +  H,0. 

The  reaction  has,  in  fact,  been  fotmd  to  be  capable  of  general  applica- 
tion. Further,  in  presence  of  a  small  amount  of  iodine,  tertiary  amyl 
akohol  on  heating  yidds  amylene;  pinacone  is  converted  into  dimethyl- 
butadiene,  and  cydohexanol  into  tetrahydrobenzene.  Under  the  in- 
luence  of  the  same  reagent,  glycols  yidd  polyglycols;  glycerol  is  trans- 
fomed '  into  polyglycerols  and  condensation  between  aldehydes  and 
g^cols  is  readily  brought  about.  ^ 

Theory  of  the  Process. 

It  is  of  interest  that  the  ease  of  decomposition  is  found  to  vary  in  a 
marked  manner  with  the  nature  of  the  alcohol  employed.  Thus  while 
tertiary  alcohols,  on  heating  with  small  amounts  of  iodine,  lose  water  very 
i«adily,  this  decomposition  takes  place,  in  general,  much  more  slowly 
with  the  secondary,  and  scarcely  at  all  with  the  primary  derivatives. 
On  the  one  hand,  tertiary  amyl  alcohol  (ethyldimethylcarbinol),  pinacone, 
and  diacetone  alcohol  all  decompose  with  the  greatest  ease  into  water 

'  Recent  experimental  work  carried  out  at  this  Institute  by  my  colleague  Benjamin 
f .  Brooks  has  shown  that  the  reaction  is  also  applicable  to  a  variety  of  dehydration 
P^Koomena  in  the  terpene  series.  This  data  will  appear  in  a  forthcoming  issue  of 
'ta  Journal. — H 
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and  unsaturated  derivative,  while  with  a  secondary  alcohol  sudi  as  cydo* 
hexanol  the  formation  of  tetrahydrobenzene  takes  place  very  slowly. 

How  are  we  to  explain  the  remarkable  effect  produced  by  such  small 
amotmts  of  iodine? 

If  we  call  to  mind  the  fact  that  the  action  of  iodine  on  a  metallic  hy* 
droxide  results  in  the  primary  formation  of  an  iodide  and  hypoiodite 

2KOH  +  I2  =  KOI  +  KI  +  H,0 

and  assume  that  organic  (alkyl)  hydroxides  (in  other  words,  alcohols) 
may  possibly  function  in  a  similar  manner,  then  in  the  case  of  dimethyl- 
ethylcarbinol  mentioned  above,  this  in  presence  of  iodine,  might  also  be 
expected  to  yield  a  mixture  of  iodide  and  hypoiodite : 

2(CH,)2  :  C(0H).CH2.CH,  +  U  =  (CH,),  :  CI.CH,.CH,  +  (CH,),: 

C(0I).CHj.CH3  +  H2O 

Now  it  is  a  well-known  fact  that  the  majority  of  alkyl  halides  dissociate 
to  a  greater  or  less  extent  at  or  below  their  boiling  point,  and  of  these  the 
iodides  represent  the  most  tmstable  derivatives.  Thus,  in  the  case  of  all 
alkyl  iodides  we  have  at  least  a  partial  decomposition^  on  heating  into 
olefine  and  hydriodic  add,  so  that  with  the  iodide  in  question  we  should 
have  some  dissociation  taking  place  as  indicated  by  the  equation: 

(CH,),  :  CI.CHt.CH,  ^  (CH,),  :  C  :  CH.CH,  +  HI 

and  presumably  the  hypoiodite,  being  much  more  uxistable  would  dis- 
sociate even  more  readily. 

(CH,),  :  C(OI).CH,.CH,  ^   (CH,),  :  C  :  CH.CH,  +  HOI. 

The  interaction  of  the  two  adds  HI  and  HOI  would,  however^  give  water 
and  iodine, 

HI  +  HOI  =  H,0  +  I,, 

the  latter  then  reacting  again  as  shown  in  Equation  i.  In  this  way  we 
have  a  continuous  cyde  of  reactions  (in  which  the  iodine  ftmctions  as  a 
catal3rtic  agent),  resulting  in  the  formation  of  two  final  products^  vis., 
water  and  the  unsaturated  derivative.  It  would  seem  that  the  reactions 
just  outlined  are  capable  of  being  applied  to  any  tertiary,  secondary  or 
primary  alcohol,  and  the  theory  apparently  offers  a  simple  explanation 
of  the  part  played  by  the  iodine  in  reactions  of  aUied  types.  Since,  in 
general,  the  stability  of  the  alkyl  iodide  and  hypoiodite  increases  from  the 
tertiary  through  the  secondary  to  the  primary  derivative,  it  is  to  be  ex- 
pected that  the  iodine  will  function  more  readily  with  tertiary  alcohols 
of  the  type  of  pinacone  than  with  secondary,  such  as  cydohexanol,  and 
this  in  fact  has  been  found  to  be  the  case.  The  method  is  apparently 
inapplicable  to  the  primary  alcohols  on  account  of  the  mudi  more  stable 
character  of  the  corresponding  alkyl  iodides. 

'  It  is  scarcely  necessary  to  point  out  that  a  partial  decomposition  is  ail  that  is 
xequired  by  the  theory  under  discussion. 
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In  general,  it  may  be  said,  that  the  presence  of  iodine  should  facilitate 
the  splitting  off  of  water  from  any  organic  compound  in  which  one  of 
two  adjacent  carbon  atoms  has  a  hydroxyl  (OH)  group,  the  other,  a 
hydrogen  atom  attached  to  it. 

Written  in  a  general  form  this  would  be  indicated  by 

H    OH 


R— C— C— R'— H,0  -  R— C-C— R'. 

II  II 

Further,  according  to  this  theory,  the  ease  of  splitting  off  of  the  water 
should  be  dependent  on  the  ease  with  which  the  iodide 

H    I 


R--C— C— R' 

I      I 

is  capable  of  di^odating  into  unsaturated  hydrocarbon  and  HI 

H    I 

I     1 
R— C— C—R' — ►R— C  -  C— R'  +  HI, 

I       I  I         I 

idiich  in  turn  is  dependent  on  the  greater  or  less  labile  nature  ci  the  H 
atom.    Thus  it  may  be  assumed  that  an  alcohol  of  the  t3rpe 

H   OHH 

I     I      I 

(A)  R-C-C-C-R' 

I      I      I 
H    H    H 

would  give  with  iodine  the  iodide  (B)  and  h3qx>iodite  (C) . 

H     I    H  H  (OI)  H 

III  III 

(B)  R— C— C— C— R'  (C)  R— C— C-O-R' 


H    H    H  H    H    H 

(3)  (2)  (1)  (3)  (2)  (i) 

and  whether  hydrogen  would  split  off  from  carbon  atom  (i)  or  (3)  would 
depend  on  the  relative  affinity  between  it  and  the  respective  carbon  atom. 
If  this  were  the  same,  or  approximately  the  same,  we  should  expect  to  get 
from  the  alcohol  (A)  equal  quantities  of  the  two  isomers  (D)  and  (B). 

H  H 


(D)        R— C-C— C— R'  and  (E)        R— C— C-C— R' 

III  III 

H    H    H  H   H    H 

In  the  case  of  diacetone  alcohol 

(CH,), :  C(OH)  .CHi.CO.CH, 
5        4  321 
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we  shotdd  expect  that  the  presence  of  the  negative  carbonyl  group  would 
render  the  hydrogen  atoms  attached  to  carbon  atom  (3)  more  labile  than 
those  attached  to  carbon  atom  (5)  so  that  mesityl  oxide 

(CHs)2:C:CH.C0.CH, 

and  little  or  none  of  the  isomer 

CH, :  C.CH,.CO.CH, 


CH, 
should  be  obtained. 

The  behavior,  however,  on  redistillation  (p.  1756)  of  the  anhydrous 
distillate  obtained  by  heating  diacetone  alcohol  with  a  small  quantity  of 
iodine  seems  to  indicate  the  presence  of  some  of  this  second  derivative. 

While  the  above  theory  would  thus  appear  to  oflfer  a  good  working 

hypothesis,  it  is  quite  possible  that  the  alkyl  iodide  and  hypoiodite  react 

directly  without  undergoing  a  previous  dissociation,  and  such  a  view  would 

seem  to  offer  a  ready  explanation  of  the  action  of  iodine  in  bringing  about 

the  condensation  of  glycols  to  polyglycols  and  of  glycerol  to  polyglycerd. 

Since,  as  indicated  above,  a  secondary  alcohol  is  more  reactive  than  a 

primary,  presumably  on  heating  glycerol  with  iodine,  the  secondary  alcohol 

group  will  be  the  one  to  react,  with  the  formation  at  an  iodide  and  hy* 

poiodite. 

CHjOH  CHjOH  CH2OH 

I  II 

(i)  2CHOH  +  Ii  -  CHI  +  CH(OI)  +  HiO 


CHiOH  CHtOH  CH,OH 

In  presence  of  the  two  negative  hydroxyl  groups  it  seems  possible  that 
the  iodide  and  hypoibdite  might  ftmction  exactly  as  HI  and  HOI,  re- 
spectively, and  thus  react  directly  to  give  oxide  and  free  iodine 
CHiOH  CHjOH  CH,OH  CH,OH 

I                              I                              I  I 

(2)  CHI  +         CHOI  -  CH O CH         +1, 


CHfOH  CH,OH  CHiOH  CHjOH 

the  iodine  then  reacting  again  as  in  Equation  i. 

It  is  of  interest  that,  as  shown  by  Kyriakides,^  the  action  of  smalt 
amounts  of  strongly  dissociating  adds  such  as  HCl,  HBr,  HI  on  glycols 
results  in  the  formation  of  unsaturated  alcohols  or  hydrocarbons,  or  both, 
depending  on  the  conditions  employed,  while  when  iodine  is  employed  as 
the  dehydrating  agent  the  principal  product,  as  shown  later,  is  a  poly- 
glycol,  although  tmdoubtedly  some  of  the  unsaturated  alcohol  is  also  ob- 
tained.^   This  would  seem  to  indicate  that  in  the  case  of  these  substances 

^  Loc  cil. 
This  point  is  to  be  investigated  later. 
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a  direct  decomposition  between  the  alkyl  iodide  and  hypoiodite  takes 
place  as  indicated  above,  and  would  seem  to  provide  evidence  for  the 
assumption  that,  in  the  cases  where  iodine  is  employed  as  the  condensing 
agent,  both  types  of  reaction  may  take  place  depending  on  the  nature  of 
the  compound  in  question. 

In  the  condensation  of  glycols  with  aldehydes,  for  example,  of  butylene 
gtycol  with  aoetaldehyde,  an  apparently  simple  explanation  of  the  manner 
in  which  the  iodine  functions  would  seem  to  lie  in  the  assumption  of  the 
primary  formation  of  an  addition  compound  of  the  aldehyde  and  iodine 

CH,.CHO  +  Ii  -  CHt-Cn/^ 

aod  that  this  then  reacts  with  butylene  glycol  to  give  i-methylpropane- 

diol-ethylal,  water  and  iodine 

01      HO.CH,  O— CHi 

/  \  /        \ 

CH,.CH  +         CHi  -  CH,.CH  CH,  +  H,0  +  Ii. 

\  I  \        I 

I         HO.CH.CH,  O— CH—CH, 

K  the  above  theory  is  correct,  then  since  the  iodine  plays  the  part  of  a 
ixTid  catalyzer  (cf.  RosanofF,  "Outline  of  a  Theory  of  Homogeneous 
Catalysis")/  in  all  such  reactions  it  should  obey  **the  law  of  mass  action." 
Some  indication  that  this  is  the  case  is  obtained  from  the  experiments  on 
the  condensation  of  glycerol  (pp.  1760-1761),  and  further  work  is  being 
undertaken  to  confirm  this  view. 

Experimental  Part. 

This  has  been  divided  so  as  to  embrace  the  following  groups: 
I  Synthesis  of  unsaturated  hydrocarbons  from  alcohols. 
II.  Synthesis  of  unsaturated  ketones  from  ketone  alcohols. 

HI.  Synthesis  of  unsaturated  aldehydes  from  aldols. 

IV.  Sjmthesis  of  polyglycols  and  polyglycerols. 
V.  Condensation  of  glycols  with  aldehydes.   . 

Group  L — Synthesis  of  Unsaturated  Hydrocarbons  from  Alcohols. 

(a)  Preparation  of  Tdmethylethylene  from  Tertiary  Amyl  AkohoL — 
Sixty  grams  of  tertiary  amyl  alcohol  (CtH6.C(0H)  :  (CHa)i),  b.  p.  loi- 
102^,  were  mixed  with  o.  14  g.  of  iodine  and  the  product  heated  on  the 
steam  bath  for  about  24  hours,  using  a  distilling  flask  and  glass  beads, 
the  side  tube  of  the  flask  being  connected  with  a  reflux  condenser.  There 
was  a  steady  decomposition  of  the  alcohol  into  the  corresponding  amylene 
(trimethylethylene).  The  distillate,  after  drying  with  calcium  chloride, 
was  redistilled  and  )rielded  about  27  g.  of  a  product,  b.  p.  35-39®  (prin- 
^P«%  3^37 '').  Trimethylethylene,  CH,.CH  :  C  :  (CHj),,  boils  at  39°- 
» Tma  Journal,  35.  i73  (1913). 


1754  HAROLD  HIBBBRT. 

The  residue   in   the  flask  consisted  of   the  unchanged  tertiary  amyl 
alcohol. 

(b)  Synthesis  of  Dimethyl  Butadiene  from  Pinacone. — ^A  small  quantity 
of  pinacone  was  prepared  by  reducing  acetone  with  magnesium  amalgam, 
according  to  the  method  of  Hollemann.^  On  completion  of  the  reaction 
the  product  was  distilled  with  steam  and  the  pinacone  hydrate  obtained 
in  solid  form  by  cooling  the  aqueous  distUlate  to  around  o^.  This  was 
dehydrated  by  leaving  over  night  in  a  vacutun  desiccator  over  sulfuric 
add,  during  which  period  considerable  volatilization  took  place,  9  g.  of 
the  hydrate  yielding  only  5  g.  of  pinacone. 

Preparation  of  Dimethyl  Butadiene. — Five  grams  of  pinacone  were 
transferred  to  a  small  flask,  mixed  with  0.012  g.  iodine,  and  distilled  slowly 
over  the  naked  flame,  using  a  fractionating  column.  A  rapid  decomposi* 
tion  took  place  when  the  temperature  of  the  outer  bath  reached  140**.  The 
product  distilling  over  (weight  approximately  3  g.)  was  dimethyl  butadiene, 
which  on  redistillation  boiled  at  69-72  **.  (According  to  the  literature,  di- 
methyl butadiene  boils  at  69.5  **.)  It  combined  with  bromine  with  great 
readiness,  yielding  a  crystalline  tetrabromide  melting  around  135  ^, 

Several  attempts  were  made  to  prepare  dimethyl  butadiene  from  pina- 
cone hydrate  by  heating  this  product  with  small  traces  of  iodine,  but  only 
poor  yields  of  the  tmsaturated  hydrocarbon  were  obtained.  Thus,  while 
pinacone  itself,  in  presence  of  a  relatively  small  amount  of  iodine,  goes 
over  very  readily  on  heating  into  dimethyl  butadiene,  the  presence  of 
water,  in  the  form  of  the  hydrate,  seems  to  prevent  this  reaction  from 
proceeding  except  to  a  limited  degree,  and  it  was  invariably  fotmd  that 
pinacone  distilled  over  with  the  water,  recombining  in  the  distillatie  to 
form  pinacone  hydrate. 

(c)  Preparation  of  Tetrahydrobenzene  from  Cyclohexanol. — ^Twenty- 
seven  grams  of  cyclohexanol  were  mixed  with  one-fiftieth  its  weight  of 
iodine,  and  the  product  heated  in  a  distilling  flask  (the  neck  of  which 
was  filled  with  glass  beads  to  serve  as  a  fractionating  column)  to  about 
170-175°  for  about  60  hours.  The  distillate  (amounting  to  21  g.)  sep- 
arated into  two  layers.  After  removal  of  the  lower  aqueous  portion  and 
drying  the  upper  layer  with  calcium  chloride,  about  18  g.  remained,  from 
which,  on  a  subsequent  fractionation  under  ordinary  pressure,  about 
7-8  g.  of  pure  tetrahydrobenzene,  b.  p.  82-84°  were  isolated. 

The  method  is  of  interest  in  view  of  the  fact  that  a  patent  on  the  prep- 
aration of  synthetic  rubber  substitutes,  by  passing  the  vapors  of  cyclo- 
hexanol over  heated  platinum  or  other  contact  material,  has  been  taken 
out  by  the  Badische  Company. 

Possibly  the  above  process  could  be  utilized  for  the  preparation  of 
tetrahydrobenzene  on  the  commercial  scale,  and  it  would  seem  that  better 
*  Rec.  trav.  chim.,  35,  206  (1906). 


IODINE  AS  A  DSHYDKATING  AND  CONDENSING  AGENT.  1 755 

jidds  of  the  unsaturated  rubber  hydrocarbons  should  be  obtained  from 
this,  than  by  the  use  of  cydohexanol  itself. 

Group  n. — Synthesis  of  Unsaturated  Ketones  from  Ketone-Alcohols. 

Preparation  of  Mesityl  Ozide  from  Diacetone  Alcohol. — It  was  stated 
ia  the  introduction  that  diacetone  alcohol,  when  distilled  under  ordinary 
piessurei  boils  arotmd  164^,  undergoing,  however,  considerable  decompo- 
ation  into  acetone.  In  presence  of  a  small  quantity  of  iodine,  the  re- 
acdcm  proceeds  in  an  entirely  different  manner,  mesityl  oxide  being 
obtained  in  a  practically  quantitative  yield. 

&9t  L — 700  g.  of  diacetone  alcohol  were  mixed  with  0.5  g.  of  iodine 
(=  0.07%)  and  the  product  distilled  under  atmospheric  pressure  over 
the  naked  flame,  using  a  short  fractionating  column  filled  with  glass  beads. 
The  thermometer  in  the  coltmm  indicated  a  temperature  of  90°  after 
the  first  few  drops  had  distilled  over,  and  remained  there  until  about  one- 
third  the  distillate  had  been  collected.  After  about  two-thirds  had  dis- 
tilled over  the  remaining  distillate  was  collected  separately  and  found  to 
be  free  from  water,  consisting  in  fact  of  practically  pure  mesityl  oxide, 
b.  p.  125-130**  (principally  128-130®).  The  remaining  two-thirds  of 
the  distillate  consisted  of  two  layers,  and  after  removing  the  lower  aqueous 
fXHtion,  the  upper  layer  was  dried  with  calcium  chloride  and  refractioned. 

Fraction  I.    B.  p.    60®  to  8o® 6  g. 

Fraction  2.    B.  p.    80®  to  125  * 47  g. 

Fraction  3.    B.  p.  128^  to  130^ 259  g. 

312  g. 

The  aqueous  layer,  after  being  saturated  with  potassium  carbonate, 
yidded  11  g.  of  an  oil  consisting  of  equal  parts  of  acetone  and  mesityl 
oi^  The  total  yield  of  mesityl  oxide  (consisting  of  everything  boiling 
between  80**  and  130**)  was  578  g.,  representing  a  yield  of  97.8%  crude 
mesityl  cndde. 

Bipt  n.— A  further  experiment  was  carried  out  using  200  g.  of  diacetone 
alcohol  and  0.02  g.  iodine  (representing  0.01%  or  i  part  in  10,000)  and 
in  this  case  also  practically  a  theoretical  yield  of  mesityl  oxide  was  ob- 


it then  seemed  of  interest  to  determine  whether  the  method  is  ap-* 
pficable  to  mixtures  of  diacetone  alcohol  and  acetone.  Using  the  above 
quantity  of  iodine  {viz,,  o.oi  to  0.02%  calculated  on  the  weight  of  diacetone 
^hol  present)  it  was  found  that  on  distillation  the  greater  part  of  the 
acetone  distilled  over  below  80®,  the  further  distillation  then  resulting 
Jn  the  decomposition  of  the  diacetone  alcohol  into  mesityl  oxide  and  water 
^ch  proceeded  exactiy  as  indicated  in  the  above  experiments. 

In  every  case  a  few  cc.  of  a  dark-colored  oil  remained  in  the  flask,  which 
Jwwever,  did  not  give  any  reaction  indicating  the  presence  of  free  iodine. 
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It  was  thought  that  possibly  the  presence  of  this  product  would  suffice 
to  bring  about  the  catalytic  decomposition  of  a  fresh  quantity  of  diaoetone 
alcohol,  without  the  further  addition  of  iodine,  but  on  carrying  out  such 
an  experiment  by  introducing  a  fresh  quantity  of  diacetone  alcohol  and 
distilling,  Uttle  or  no  decomposition  into  mesityl  oxide  occurred. 

The  mesityl  oxide  as  thus  obtained  is  a  dear,  colorless  product  and 
quite  free  from  diacetone  alcohol  as  shown  by  the  following  experiment: 

lOO  g.  of  the  product,  b.  p.  120^  to  130^,  were  shaken  four  times,  using 
20  cc.  of  water  for  each  operation  and  the  remaining  oil  dried  with  calcium 
chloride  and  redistilled.  There  were  obtained  95.7  g.  of  mesityl  oxide, 
b.  p.  120-130**. 

Prom  the  boiling  point,  physical  properties,  etc.,  there  is  no  doubt 
that  the  method  gives  a  practically  pure  product  and  thus  represents  an 
especially  simple  and  inexpensive  process. 

It  was  pointed  out  in  the  previous  discussion  that  the  decomposition 
of  diacetone  alcohol  might  very  well  proceed  simultaneously  in  two  di- 
rections, thus  giving  rise  to  two  isomeric  substances: 

(a)  (CH,),  :  C  -  CH— CO-CH, 

(CH,),  :  C(OH)— CHr-CO— CH,<^ 
5  4  3         a        I       \ 

(6)  CH,  -  C— CHr-CO— CH, 


CH, 

Owing,  however,  to  the  proximity  of  the  carbonyl  group  it  was  thought 
that  the  hydrogen  atoms  attached  to  carbon  atom  (3)  would  prove  to  be 
much  more  labile  than  those  attached  to  carbon  atom  (5)  so  that  relatively 
little  of  (B)  would  be  formed.  Curiously  enough  it  was  found  that  a 
quantity  of  a  lower  boiling  product  (b.  p.  80-125^)  was  always  obtained. 
After  carefully  drying  this  product  and  submitting  it  to  a  re-distillation 
the  boiling  point  invariably  rose  with  each  successive  re-fractionation, 
so  that  eventually  it  was  completely  converted  into  mesityl  oxide,  as 
indicated  in  the  following  typical  experiment: 

Six  hundred  grams  diacetone  alcohol  were  mixed  with  0.2  g.  iodine,  and 

the  mixttu'e  distilled  over  the  naked  flame  at  ordinary  pressure,  using  a 

fractionating  column  and  glass  beads. 

Fraction  ( I ).^     70-125® 370.4  g. 

Fraction  (2).     125-130** 144.3  g. 

Fraction  (3).     130-131* 28.1  g. 

542.8  g. 

(These  temperatures  are  those  indicated  on  the  thermometer  in  the 

neck  of  the  distilling  flask.) 

^  No  record  was  kept  of  the  amount  distilling  over  below  70*  and  of  the  residae 
left  in  the  flask. 
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Treatment  of  Fraction  I  (B.  P.  70-125 '')• 

After  separating  off  the  water,  the  product  was  shaken  four  times  with 
water  (50  cc.  for  each  operation)  in  order  to  remove  any  acetone  and  di- 
acetone  alcohol;  there  was  little  or  no  loss  in  this  operation. 

After  drying  with  calcitmi  chloride,  it  was  redistilled  under  ordinary 
pressure,  using  glass  beads. 

Weight  of  product  taken  »  248.0  g. 

ABCtions (i)a  71-120*     (2)a   i20-i25*  (3)0   X25-I28*  (4)a   i28--i3i* 

34.6  g.  25.0  g.  32*7  g-  155-7  S- 

Fractions  (i)a,  (2)0,  and  (3)0  were  then  redistilled  with  the  following 
results: 
Refractionation  of  (i)a:    B.  p.  71-120^.    Wt.,  34.6  g. 

(1)6    below  120*  (2)6    120-127*  (3)6    127-130* 

18.0  g.  2.6  g.  140  g. 

Refractionation  of  (2)0;    B.  p.  I20-I25^    Wt.,  25.0  g. 

(1)6    below  120*  (2)6   120-123*  (3)ft   125-131* 

3.4  s-  3.2  g-'  i8-4e- 

Refractionation  of  (3)0;    B,  p.  125-128**.    Wt.,  32.7  g, 

(1)6  below  120 *       (2)&   120-123  •      (3)*   125-128*      (4)6    128-131* 
I.I  g.  0.9  g.  6.0 g.  24.7  g. 

It  mJl  be  noted  that  in  each  case  the  boiling  point  of  the  djlstillate  has 
risen  appreciably,  approaching  more  closely  to  that  of  mesityl  03dde. 
Tbis  would  seem  to  point  to  the  probable  presence  of  the  second  isomer: 

CH,  -  C— CHr-CO— CH, 


CHi 
lUdi  on  distillation  goes  over  into  mesityl  oxide: 

CH,v 
CH,  -  C— CH,— CO--CH,  — ►  >C  -  CH— CO— CH, 


CH,' 
CH, 

Tliat  a  mixture  of  acetone  and  mesityl  oxide  behaves  quite  normally 
on  distillation  under  ordinary  pressure  is  indicated  by  the  following  ex- 
periment: 

13  g.  acetone  with  13  g.  piu-e  mesityl  oxide  were  distilled  together  under 
ordinary  pressure,  using  a  fractionating  column. 

^*»ctkms (i)   B.  p.  58-73*         (2)   B.  p.  73-127*       (3)   127-130* 

10.5  g.  3*2  g-  12.0  g. 

Hiis  shows  that  the  presence  of  the  acetone  exercises  little  or  no  effect 
in  lowering  the  boiling  point  of  the  mesityl  oxide,  and  further  that  no 
niixture  of  constant  boiling  point  exists. 
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Group  in. — Synthesis  of  Unsaturated  Aldehydes  from  Aldols. 

Preparation  of  Crotonaldehyde  from  Acetaldol  and  Paracetaldol. — 

The  various  processes  described  in  the  literature  for  the  preparation  of 
crotonaldehyde  by  direct  distillation  of  acetaldol^  give  relatively  poor 
3delds  (averaging  abput  50%,  calculated  on  the  weight  of  aldol  taken) 
and  the  same  remark  applies  to  those  methods  involving  the  use  of  de- 
hydrating agents,  for  example,  potassium  bisulfate. 

The  addition  of  a  small  quantity  of  iodine  to  the  aldol,  prior  to  the  dis- 
tillation, increases  the  yield  of  crotonaldehyde  in  a  remarkable  manner, 
as  is  shown  in  the  following  experiments: 

Ezpt.  I. — 50  g.  pure  paracetaldol  were  distilled  slowly  from  a  small 
flask  in  the  course  of  one  hour,  using  a  short  fractionating  coltmin  ^ed 
with  glass  beads.  At  the  commencement  of  the  distillation  the  ther- 
mometer in  the  neck  of  the  column  at  once  rose  to  95  °,  remaining  near  this 
temperature  almost  throughout  the  experiment.  An  attempt  to  increase 
the  rate  of  distillation  caused  the  thermometer  to  rise  at  once  to  140®, 
indicating  only  a  partial  decomposition  into  crotonaldehyde  and  water. 
The  residue  in  the  flask  weighed  about  7  g.  The  distillate,  after  separating 
off  the  water,  was  dried  with  CaCls,  a  further  small  quantity  of  croton- 
aldehyde being  recovered  by  saturating  the  aqueous  solution  with  the 
same  reagent.  The  crude  product  weighed  27  g.  On  redistillation  there 
were  obtained: 

Fractions I.  60-97®    II •  97-104"  (principally  100-104®)     III.  (above  104.®) 

2  g.  22  g.  3  g. 

This  represents  a  yield  of  some  55%  crotonaldehyde,  a  considerable 
portion  of  the  paracetaldol  being  decomposed  into  acetaldehyde. 

Ezpt.  n. — 150  g.  acetaldol  were  distilled  under  the  same  conditions  as 
described  in  Expt.  I.  It  was  found  that  the  product  could  be  distilled 
rapidly  without  the  thermometer  going  above  95  ^.  A  considerable  quan- 
tity of  liquid  distilled  over  between  65-95**.  After  drying  with  CaCls 
for  2-3  hours  the  crude  product  weighed  92.5  g.  On  refractionation  there 
were  obtained: 

Fractions I.  40-70"  11.  70-96"  III.  96-104"         TV.-  Residue 

13.0  g.  25.5  g.  47.0  g.  3.0  g. 

No  attempt  was  made  to  collect  the  product  coming  over  below  40**. 
Fractions  I,  II,  and  III  were  again  dried  with  CaCl2  (I  and  II  showed 
evidence  of  the  presence  of  moisture.  III  was  apparently  quite  dry)  and 
redistilled. 

Fraction  I  was  found  to  consist  principally  of  acetaldehyde. 

Fraction  II  )delded  foiu-  fractions: 

*  Omdorff  and  Newbury,  Monatsh.  Chem.,  13,  516  (1892);  Grignard  and  Rcif. 
Bull.  sac.  chim.,  [4]  i,  114  (1907);  McLeod,  Am.  Chem.  /.,  37,  30  (1907). 
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(«)  below  70^  (principally  21-40°)     (b)    70-97°    (c)    97-104**    (^  above  104° 
6.0  g.  6.0  g.  10.5  g.  3  g. 

Total  amount  ci  crotonaldehyde  obtained  was  47.0  +  10.5  =  57.5  g., 
equivalent  to  a  3rield  of  49%. 

Effect  of  the  Addition  of  a  Small  Quantity  of  Iodine.— Bzpt.  m.— 
80  g.  of  pure  paracetaldol  were  mixed  with  0.08  g.  iodine  and  distilled  under 
the  conditions  described  above,  the  entire  operation  occup3ring  some  30 
minutes.  The  thermometer  in  the  column  never  indicated  above  95^, 
and  the  residue  left  did  not  amount  to  more  than  about  7  g.  After  drying 
the  distillate  vnth  CaCU  for  2-3  hours  it  was  redistilled  and  found  to  boil 
very  constantly  at  100-104^.  The  distillate  amotmted  to  52  g.,  equivalent 
to  a  yield  ci  82%,  which,  considering  the  mechanical  losses,  must  be 
regarded  as  highly  satisfactory.    It  was  apparently  a  very  pure  product. 

Ezpt  IV. — ^A  similar  experiment  was  carried  out  by  distilling  200  g. 
aceUddol  with  o.i  g.  iodine  over  the  naked  flame.  The  operation  took 
about  two  hours,  the  residue  left  in  the  flask  amounting  to  15  g.  After 
diying  with  CaClt,  the  crude  product  (wt.  ==  134  g.)  was  redistilled. 

Fractioiis I.  65-96"  11.  96-105' 

14.0  g.  II4-5  8:- 

Fraction  I  was  again  dried  and  redistilled  and  then  3rielded  10  g.  croton* 
aldehyde,  b.  p.  96-104®.  The  total  weight  of  crotonaldehyde,  b.  p. 
96-104®  (principally  102-104®)  obtained  amotmted  to  124.5  g.,  correspond- 
ing to  a  yield  of  80%. 

In  the  course  of  these  experiments  several  interesting  facts  relative  to 
the  behavior  of  crotonaldehyde  came  to  light.  It  was  found  that  a  small 
quantity  of  water  has  the  effect  of  lowering  the  boiling  point  of  this*  sub- 
stance appreciably,  as  shown  in  the  following  experiment: 

To  100  g.  of  pure  crotonaldehyde  (b.  p.  102-104®)  ^^^^^  added  0.5  g. 
nater  and  the  mixture  distilled,  using  a  fractionating  colunm  and  beads: 

ftactions I.  below98'*  II.  98-102*  III.  102-104* 

2.5 «.  30.5  ff.  67  g. 

Another  point  which  calls  for  attention  is  the  fact  that  whereas  with 
acetaldol  a  lower  boiling  fraction  (b.  p.  65-96®)  was  always  obtained  along 
with  the  crotonaldehyde,  this  was  not  the  case  with  paracetaldol.  This 
lower  boiling  fraction,  after  very  careful  drying  to  remove  all  the  water 
present,  invariably  decomposed  on  distillation,  yielding  a  further  quantity 
of  acetaldehyde  and  crotonaldehyde,  so  that  after  several  fractionations 
H  was  decomposed  completely  into  these  two  products.  The  same  phe- 
nomenon occurred  when  a  large  quantity  (several  hundred  grams)  of  weU* 
dried  crotonaldehyde,  b.  p.  98-102®  (that  is,  2-4®  below  the  true  boihng 
pomt)  was  submitted  to  a  careful  refractionation.  This  gave  a  large 
amount  of  product  boiling  at  a  somewhat  higher  temperature,  viz.,  102- 

104®,  and  a  considerable  quantity,  b.  p.  98-102®.    This  latter  on  being 
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submitted  to  fractionation  for  a  third  time  yielded  some  acetaldehyde, 
the  product  commencing  to  distil  over  below  30^,  while  a  considerable  quan- 
tity (about  17%)  was  collected  between  85-98°.  This  latter  also  on  re- 
fractionation  gave  a  further  quantity  of  pure  crotonaldehyde,  b.  p.  102- 
104^ 

It  is  an  interesting  speculation  as  to  whether  we  are  not  dealing  here 
with  a  compotmd  of  crotonaldehyde  with  acetaldehyde  of  the  type 

CH,.CH  :  CH.Ch/^\:H.CH,, 

which  decomposes  into  crotonaldehyde  and  acetaldehyde  on  repeated 
distillation.  The  fact  that  acetaldol  gives  rise  to  this  lower-boiling  mix- 
ture, while  paracetaldol  does  not,  is  perhaps  to  be  connected  with  the 
relatively  greater  ease  of  dissociation  of  the  former  back  again  into  acetal- 
dehyde. 

The  above  body  would  be  analogous  to  the  one  formed  from  acetaldol 
and  acetaldehyde,  whose  benzoyl  derivative, 

CH,.CH(O.CO.CeH0.CH,.CH<^\^ 

was  obtained  by  P.  C.  Freer^  by  the  action  of  sodium  on  acetaldehyde 
and  benzoyl  chloride  in  ether  solution. 

There  wotdd  also  seem  to  be  an  indication  of  the  actual  existence  of  the 
parent  substance, 

ch,.choh.ch,.ch/^^ 

in  the  fact  that  the  distillation  of  the  crude  product  obtained  by  the  con- 
densation of  acetaldehyde  to  acetaldol  by  various  alkaline  reagents,  under 
widely  varying  conditions,  almost  invariably  gives  a  yield  of  approxi- 
mately 66%  aldol,  and  33%  acetaldehyde,  thus  pointing  to  the  probable  ex- 
istence of  this  in  the  condensation  product,  and  to  its  decomposition 

CH,.CHOH.CH^CH/^)>CH.CH| — ►  CH,.CHOH.CHt.CHO  +  CH,.CHO 

on  heating. 
These  experiments  will  be  described  in  a  later  communication. 

Group  IV. — Synthesis  of  Polyglycols  and  Polyglycerols. 

(a)  Preparation  of  Polyglycol  from  Butylene  Glycol. — 200  g.  of  butyl- 
ene  glycol  were  mixed  with  i.o  g.  iodine  and  heated  in  a  distilling  flask, 
using  a  fractionating  column,  for  about  8  hom^  in  an  oil-bath,  the  tem- 
perature of  the  latter  being  so  regulated  that  the  thermometer  in  the  dis- 
tilling flask  never  showed  a  temperature  higher  than  about  130®.  About  80 
1  Ann,,  293,  326  (1896). 
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g.distilled  over»  consisting  apparently  of  crotyl  alcohol,  water  and  some  other 
by-products.  The  residue  in  the  flask  was  then  distilled  under  reduced 
pressure,  and  after  about  20-30  g.  of  butylene  glycol  had  passed  over  at 
175°,  under  a  pressure  of  20-25  mm.,  the  temperature  rose  rapidly  to 
about  200**,  the  remainder  (about  80  g.)  distilling  over  between  200-350**, 
tmder  the  above  pressure.  The  product  was  not  examined  further,  but 
consisted  presumably  of  polyglycols. 

(&)  Syntheses  of  Polyglycerols. — ^The  following  examples  are  typical 
of  a  ntunber  carried  out  under  somewhat  similar  conditions: 

Ej^riment  I. — 15 18  g.  c.  p.  anhydrous  glycerol  were  mixed  with 
1/3000  of  its  weight  (0.506  g.)  iodine  and  the  product  heated  in  an  oU 
bath  at  ordinary  pressure  for  7  hours,  the  flask  being  connected  with  a 
condenser.  A  slow  stream  of  carbon  dioxide  was  passed  through  the 
apparatus  throughout  the  experiment,  the  temperature  of  the  oil  bath 
being  maintained  at  210-215''.  Diu'ing  this  period  120  g.  of  distillate 
were  obtained,  principally  water  with  some  glycerol. 

The  remaining  product  was  then  distilled  under  reduced  pressure  with 
the  following  result: 

Fraction  (i)  Aqueous  distillate  passing  over  at  ordinary  pressure «  120.0  g. 

Fraction  (2)  Water  +  glycerol  (below  184**  at  23  mm.) —    82 .0  g. 

Fraction  (3)  Glycerol,  b.  p.  169®  at  5  mm ■■  592 .0  g. 

Fraction  (4)  Glycerol  and  polyglycerol,  b.  p.  169-183  °  at  4  mm »  265 .0  g. 

Fraction  (5)  Glycerol  and  polyglycerol,  b.  p.  183-226"  at  4  mm —  113 .0  g. 

Fraction  (6)  Polyglycerol,  b.  p.  over  226"  at  4  mm »  346 .0  g. 

Z5i8.og. 

On  account  of  the  difficulty  in  separating,  poly  glycerol  from  glycerol, 
no  accurate  estimate  of  the  yield  can  be  made,  but  assuming  that  Fractions 
5  and  6  represent  a  diglyceride,  this  would  represent  some  33%  by  weight 
of  that  of  the  glycerol  originally  taken.  In  an  attempt  to  isolate  a  con- 
stant-boiling product,  Fraction  6  was  redistilled  tmder  reduced  pressure. 
The  temperature  rose  rapidly  to  235°  at  5  mm.  and  195  g.  distilled  over 
between  235-284**  with  the  pressure  gradually  rising  from  5  to  31  mm. 
A  third  refractionation  of  the  195  g.  thus  obtained  gave 

Fraction  (i)     27 .0  g.  below  234 '^  at  5  mm. 

Piaction  (2)  123. o  g.  234-240^  at 3-5  mm.  (principally  234--236  at  3  nun.) 

Fraction  (3)    46.0  g.  above  240^  at  3  mm. 

B^^eiiment  II. — ^814  g.  of  c.  p.  anhydrous  glycerol  were  mixed  with 
1/3000  of  its  weight  (0.271  g.)  iodine  and  heated  for  i  hour  at  ordinary 
pressure  under  the  same  conditions  as  described  in  £xpt.  I,  the  tem- 
perature of  the  oil  bath  being  210-215**.  It  was  then  heated  for  one 
hour  under  reduced  pressure  (45-55  mm.)  at  the  same  temperature,  after 
which  the  product  was  distilled  tmder  reduced  presstu-e. 
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Fraction  (i)  Water  and  giyoerol =    78 .0  g. 

Fraction  (2)  Glycerol,  b.  p.  169"  at  5  mm —  450.0  g. 

Fraction  (3)  Glycerol  and  polyglycerol,  b.  p.  170-220**  at  3  mm «  145 .0  g. 

Fraction  (4)  Polyglycerol,  b.  p.  220-237  **  (principally  225-235  '  at  3  mm.)  »    87 . o  g. 

Fraction  (5)  Residue ««    54 .0  g. 

814.0  g. 

The  somewhat  lower  boiling  point  of  the  polyglycerol  obtained  in 
Fraction  4  in  comparison  with  Expt.  I  is  probably  due  to  the  fact  that  in 
Experiment  I  a  metal,  and  in  Expt.  II  an  oil  bath  was  used  for  heating 
the  flask  during  the  distillation. 

Experiment  in. — 457  g.  C.  P.  anhydrous  glycerol  were  mixed  with 
1/5000  of  its  weight  (0.091  g.)  of  iodine  and  heated  for  7  hours  at  ordinary 
presstu'e  under  same  conditions  as  in  Expt.  I.  At  the  end  of  this  period 
the  product  was  distilled  under  reduced  pressure. 

Fraction  (i)  Water  and  glycerol «    27  g. 

Fraction  (2)  Glycerol,  b.  p.  below  175  **  at  3  mm —  312  g. 

Fraction  (3)  Residue  in  flask «  109  g. 

Apparently  reducing  the  amotmt  of  iodine  from  1/3000  to  1/5000 
diminishes  the  yield  appreciably,  under  the  same  conditions. 

Experiment  IV  (Blank  Experiment). — 314  g.  of  C.  P.  anhydrous  glycero 
were  heated  for  5  hours  at  ordinary  pressure  under  same  condition  as  in 
Expt.  III.  Only  a  few  drops  of  water  passed  over  and  on  distilling  the 
product  tmder  reduced  presssure  it  boiled  constantly  at  about  170^  at 
8-10  mm.    Not  more  than  5  g.  of  high-boiling  product  remained  behind. 

The  experiment  is  of  interest  in  bringing  out  more  clearly  the  action  of 
the  iodine  in  fadUtating  the  condensation. 

Group  V. — Condensation  of  Glycols  with  Aldehydes. 

Preparation  of  x-Methyl  Propane-diol-ethylal. — ^Fifty  grams  of  butyl- 
ene  glycol  were  mixed  with  60  g.  acetaldehyde,  and  0.3  g.  iodine  added. 
The  mixture  was  heated  on  the  water  bath,  using  a  reflux  condenser, 
for  about  4-6  hours.  The  excess  of  acetaldehyde  was  then  distilled  off, 
using  glass  beads,  and  the  fraction  passing  over  between  40-180^  re- 
distilled after  drying  with  potassium  carbonate.  55.5  g.  of  a  product, 
b.  p.  110-125°  (principally  118-120*^)  were  abtained.  This  represents 
a  yield  of  86%  of  i -methyl  propane-diol-ethylal  obtained  by  the  con- 
densation of  one  molecule  of  butylene  glycol,  with  one  molecule  of  acetal- 
dehyde. 

Presumably  the  quantity  of  iodine  emplo3red  could  be  materially  di- 
minished, as  well  as  the  time  of  heating,  and  the  yield  could  probaUy 
be  increased. 

The  condensation  is  also  brought  about  by  the  use  of  a  small  amount 
of  20%  sulfuric  add. 
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Summary. 

A  description  has  been  given  of  various  experiments  carried  out  illus- 
trative of  the  use  of  iodine  as  a  dehydrating  and  condensing  agent.  In 
all  the  cases  investigated,  viz.: 

(a)  Conversion  of  alcohols  into  unsatiu-ated  hydrocarbons. 

(b)  Conversion  of  ketone-alcohols  into  unsaturated  ketones. 

(c)  Conversion  of  aldols  into  unsaturated  aldehydes. 

(d)  Conversion  of  glycols  and  glycerols  into  polyglycols  and  poly- 
glycerols,  respectively. 

(e)  Condensation  of  aldehydes  with  polyalcohols. 

It  has  been  found  that  a  very  small  amount  of  iodine  (in  some  cases  as 
low  as  1/10,000  part  by  weight)  suffices  to  bring  about  the  change.  The 
reaction  is  apparently  a  general  one,  and  a  tentative  theory  has  been  ad- 
vanced to  explain  the  catalytic  role  played  by  the  iodine  in  such  processes. 

In  two  recent  patents^  the  claim  is  made  that  the  presence  of  small 
traces  of  iodine  induces  in  a  remarkable  manner  the  condensation  of 
amines  with  alcohols  (e.  g.,  formation  of  dimethylaniline  from  aniline 
and  methyl  alcohol)  as  well  as  the  splitting  off  of  HCl  from  amines  and 
their  hydrochlorides,  so  that  it  would  not  be  at  all  surprising  if  this  re- 
agent should  prove  capable  of  an  extremely  wide  application  in  synthetic 
organic  work  both  in  the  laboratory  and  in  the  industry. 

The  greater  part  of  the  preceding  investigation  was  carried  out  at  the 
Experimental  Station  of  the  £.  I.  duPont  de  Nemours  Powder  Co.,  Wil- 
mington, Del.,  and  the  author  wishes  to  express  his  thanks  to  the  officials 
d  this  company  for  the  facilities  placed  in  his  way  in  enabling  him  to  carry 
«ot  the  work. 
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The  study  of  the  acetolysis  of  the  carbohydrate  part  of  invertase*  led 
to  the  fdlowing  work  on  the  acetolysis  of  other  carbohydrates.  It  was 
hoped  that  by  an  extensive  study  of  a  large  number  of  these  disaccharides 
^  polysaccharides,  we  might  be  able  to  formulate  some  general  prin- 
dpk  regarding  the  structure  of  these  compounds  from  their  behavior 
on  acetolysis,  and  thus  throw  more  light  on  the  constitution  of  the  carbo- 
hydrate part  of  invertase. 

It  has  been  noticed  in  the  acetolysis  of  various  disaccharides  and  poly- 

» KnoQ  and  Co.,  D.  R.  P.  241,853,  250,326. 
'  This  JooRNAL,  36,  398  (1914)- 
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saccharides,  that  the  breaking  down  of  these  sugars  through  the  agency 
of  acetyl  chloride,  acetyl  bromide  or  acetyl  sulfate  (acetic  anhydride  + 
concentrated  sulfuric  acid),  comes  to  an  end  at  the  monosaccharide  stage 
in  certain  cases,  while  in  others  it  stops  at  the  disaccharide  stage.  The 
question  whether  this  difference  in  behavior  can  be  attributed  to  the  nature 
of  the  oxygen  linking  connecting  the  monosaccharides,  or  to  the  charac- 
ter of  the  monosaccharides  themselves,  has  led  us  to  undertake  the  present 
investigation. 

Syniewski,^  from  an  exhaustive  study  of  the  behavior  of  starch  on  hy- 
drolysis, suggested  that  there  are  three  different  types  of  Unkings  between 
the  various  glucose  molecules.  These  three  are  the  a-linking,  which  is 
readily  hydrolyzed  by  malt,  yielding  maltose  and  a  dextrin;  the  /3-linking, 
which  is  difScultly  broken  by  malt  yielding  glucose  and  a  dextrin;  and  the 
7-linking  which  connects  the  glucose  in  maltose  itself.  The  above  hypoth- 
esis readily  explains  why  we  obtain  various  products  in  hydrolyzing 
starch,  the  nature  of  the  product  depending  upon  which  linking  is  attacked 
by  our  hydrolyzing  agent. 

When  we  treat  polysaccharides,  disaccharides  and  glucosides  with 
acetol3rtic  agents,  we  notice  a  similar  behavior.  That  this  difference  in 
behavior  depends  on  the  nature  of  the  linking  and  not  on  the  character 
of  the  monosaccharides  constituting  the  sugars,  may  be  seen  most  readily 
in  the  case  of  those  polysaccharides  where  the  monosaccharides  are  all 
the  same,  like  cellulose  and  starch. 

Hardt  and  Strehmayer,^  and  more  recently  Klein,'  studied  the  acetd- 
ysis  of  cellulose  with  acetic  anhydride  and  sulfuric  add.  They  obtained 
products  ranging  from  cellulose  acetates  down  to  cellobiose  acetates,  but 
in  no  case  could  they  obtain  glucose  acetates,  although  Klein  looked  for 
them,  showing  that  there  must  be  a  different  linking'between  the  glucose 
molecules  composing  cellobiose,  and  those  linking  it  to  the  rest  of  the 
molecule. 

Skraup^  and  Klein  both  noted  that  the  amount  of  sulfuric  add  and 
temperature  influenced  the  speed  of  reaction,  and  not  the  final  products. 
In  no  case  could  cellobiose  acetate  be  broken  down  further. 

PregP  investigated  the  acetolysis  of  soluble  starch  with  acetic  anhy- 
dride and  sulfuric  add,  and  isolated  several  dextrin  acetates.  His  work 
does  not,  however,  indicate  what  happens  to  these  on  further  acetolysis. 

The  action  of  the  three  acetolytic  agents  on  the  various  disaccharides 
which  have  been  studied  is  indicated  briefly  in  Table  I. 

^  Ann.,  324,  213  (1901). 

*  Monatsh.,  28,  63  (1907). 

*  Z.  angew.  Chem.,  25,  1409  (1912). 
<  Ber.,  32,  2413  (1899). 

*  Monatsh.,  22,  1049  (1901). 
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Table  I. 


Acetyl  chloride. 
AcetchloroceIlobio0e 

(Bates)  7 


Acetjl  bromide. 

AcetbromooeUobiose 

(Bates)  T 


Acetchloromaltose 
(Bom  and  Nelson)* 
Acetcfalorolactose 
(Bom  and  Nelson)* 
Acetchloroglucose 
(Bom  and  Nelson)' 


Acefbromomaltose 

(Fischer)* 

Acetbromolactooe 

(Ditmar)* 

Acetbromoglucose 

(Bom  and  Nelson)* 


Acetic  aaliydride  +  lolf wic  edd. 
CeQnlose   CeUobiose  octacetate 

(Hardt  and  Strehmayer)^ 
Starch       Dextrin  acetates 

.   (Pregi)* 
Ualtose     Maltose  octacetate 

(Bom  and  Nelson)* 
Lactose     Lactoseoctacetate 

(Bodart)* 
Sacrose      a-Glucose  pentacetate 

(Skraup)* 
0>Methyl  or-Pentacetyl  glucose 
gbooside   (Bom  and  Nelson)* 

As  can  be  noticed  from  the  table,  the  knowledge  up  to  the  time  we 
started  our  work  was  not  in  such  condition  that  any  comparison  could 
be  made  as  to  the  acetol3rtic  action  of  these  reagents  on  the  various  carbo- 
hydrates. By  filling  in  the  gaps  in  the  table  this  has  been  made  possible. 
The  experimental  work  follows. 

Experimental. 

L  Action  of  Acetyl  Bromide  on  Sucrose. — Five  grams  of  sucrose,  dried 
at  50®  in  a  vacuum  over  phosphorus  pentoxide,  were  treated  with  25  g. 
of  acetyl  bromide,  and  heated  gently  on  a  water  bath  until  all  had  gone  into 
s(rfution.  The  pale  yellow  syrup  was  dissolved  in  ether,  washed  with 
sodium  sulfite  and  sodium  carbonate,  dried  over  calcium  chloride,  and 
then  evaporated  in  vacuo  at  room  temperature  to  a  thick  syrup.  This 
syrap  was  dissolved  in  hot  ligroin,  b.  p.  70-80®.  On  cooling,  needle- 
shaped  resets,  easily  soluble  in  xylene,  separated,  m.  p.  88-9®  (uncor.). 
Reduces  Fehling's  solution.  Identified  as  acetbromoglucose. 
On  analysis:  Pound,  Br  ■■  19.55%.    Calc,  Br  »  19.46%. 

IL  Action  of  Actetyl  Chloride  on  Sucrose. — Five  grams  of  dried  sucrose 

lirere  treated  with  15  g.  of  acetyl  chloride  and  allowed  to  stand  at  room 

temperature  for  three  days,  when  most  had  gone  into  solution.    The  Ught 

yellow  solution  was  treated  in  the  same  way  as  the  product  from  the 

action  of  acetyl  bromide,  but  all  attempts  to  obtain  crystals  from  it  have 

failed. 

1  Monatsh.,  28,  63  (1907)- 
^Jhid.,  aa,  1049  (1901). 

•  Bet.,  34,  2895  (1902);  35,  840  (1903). 

^  Chem.  Ztg.,  25,  1039  (1901);  Monatsh.,  23,  i  (1902). 

•  Ber.,  35,  1953  C1902);  Monatsh.,  33,  865  (1902). 

•  Ber,,  3a,  2413  (1900). 

'  Private  communication.  J.  S.  Bates,  working  in  this  laboratory,  has  prepared 
the  above  compounds  by  the  action  of  acetyl  chloride  and  bromide  on  cellulose.  The 
^etdls  will  be  published  shortly. 

'  These  gaps  in  the  table  have  been  filled  in  by  otu*  work. 
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The  syrup  gave  strong  tests  for  halogen  and  reduced  Pehling's  solution, 
showing  that  it  was  probably  acetochloroglucose,  which  is  very  difficultly 
crystallizable. 

in.  Action  of  Acetyl  Bromide  on  Maltose. — Five  grams  maltose  dried 
at  100°  in  vacuum  over  phosphorus  pentoxide  were  treated  with  20  g. 
of  acetyl  bromide.  Reaction  started  immediately  and  all  went  into 
solution  in  a  short  while.  The  solution  was  dissolved  in  ether,  washed 
with  ice-cold  solution  of  sodium  sulfite  and  carbonate,  the  ethereal  solu- 
tion dried  over  calcium  chloride,  and  evaporated  in  vacuo  at  room  tem- 
perature. A  white,  amorphous  powder  was  obtained,  soluble  in  benzene, 
acetone,  alcohol,  slightly  in  ligroin  and  petroleiun  ether.  All  attempts 
to  crystallize  it  failed.  Our  substance  agreed  in  every  respect  with  that 
obtained  by  Fischer,^  who  used  the  same  method.  The  substance  is 
acetbromomaltose. 

Analysis:  Poundi  Br  -=  11.24%.    Calc,  Br  «  11.44%. 

IV.  Action  of  Acetyl  Chloride  on  Maltose. — ^Pive  grams  of  maltose  dried 
at  100^  in  vacuo  over  phosphorus  pentoxide  were  treated  with  25  g.  acetyl 
chloride.  Over  night  most  had  gone  into  solution.  The  solution  was 
dissolved  in  ether,  washed  with  sodium  sulphite  and  sodium  carbonate, 
dried  over  calcium  chloride,  evaporated  in  vacuo  to  a  gUstening,  white  pow- 
der. All  attempts  to  crystallize  this  substance  failed.  Attempts  were 
made  to  purify  it  by  dissolving  it  in  benzene,  and  precipitation  with  lig- 
roin. The  crude  substance  melted  at  about  65^,  not  sharply,  is  soluble 
in  ether,  benzene,  toluene,  xylene,  alcohol,  reduces  Fehling's  solution. 
Analysis  showed  CI  content  about  that  of  acetchloromaltose. 

Analysis:  Pound,  CI  «  4.35%.     Calc,  CI  =»  542%. 

V.  Action  of  Acetic  Anhydride  and  Sulfuric  Acid  on  Maltose. — Five 
grams  of  maltose  dried  at  100^  in  vacuo  over  phosphorus  pentoxide  were 
treated  with  a  mixttu'e  of  25  cc.  acetic  anhydride  and  o.  25  cc.  of  sulfuric 
add  previously  cooled.  All  went  into  solution  without  chairing.  The 
solution  was  poured  into  water.  A  gum  precipitated,  which  was  washed 
well  with  water,  till  free  of  acetic  anhydride,  dissolved  in  alcohol,  and  r^ 
precipitated  with  water.  A  white,  amorphous  powder,  which  we  were 
unable  to  crystallize,  separated  out.    The  substance  is  octacetylmaltose. 

Acetyl  values:  49.6,  49.0;  calc,  50.7%. 

VI.  Action  of  Acetyl  Chloride  on  Lactose. — Five  grams  of  lactose  dried 
in  vacuum  at  iio^  over  phosphorus  pentoxide  were  treated  with  20  cc. 
acetyl  chloride.  After  all  had  gone  into  solution,  the  syrup  was  dissolved 
in  chloroform  diluted  with  ether,  washed  with  ice-cold  sodium  sulfite 
and  sodium  bicarbonate,  the  ethereal  solution  dried  over  calcium  chloride^ 
and  evaporated  in  vacuo  at  room  temperature.    A  glistening,  white  pow- 

*  Ber,,  4a,  2523  (1910). 
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der,  which  could  not  be  crystallized,  was  obtained.     It  is  soluble  in  ben- 
zene, xylene,  alcohol,  slightly  soluble  in  petroleum  ether  and  ligroin. 

VIL  Action  of  Acetic  Anhydride  and  Sulfuric  Acid  on  a-Methyl  Giuco- 
side. — ^Two  grams  of  a-methyl  glucoside  dried  to  constant  weight  at  100*^ 
were  treated  with  a  mixture  of  10  cc.  of  acetic  anhydride  and  0.5  cc. 
sulfuric  acid.  All  went  into  solution  in  a  short  while.  The  solution  was 
poured  into  water  and  the  precipitate  recrystallized  from  alcohol.  White 
needles,  m.  p.  111-112®.  It  reduces  Fehling's  solution  and  was  identified 
as  oE-pentacetyl  glucose  by  the  melting  point,  and  mixing  some  with  a 
knovm  sample  of  a-pentacetyl  glucose.  The  melting  point  of  the  mix- 
ture was  the  same. 

Vm.  Action  of  Acetyl  Bromide  on  o-Methyl  Glucoside. — Five  grams 
of  dried  a-methyl  glucoside  were  treated  with  20  g.  of  acetyl  bromide. 
The  reaction  started  at  ordinary  temperature  with  brisk  evolution  of 
hjdrobromic  add.  When  all  had  gone  into  solution,  it  was  dissolved  in 
ether,  washed  with  soditun  sulfite  and  sodium  bicarbonate,  the  ethereal 
sdution  dried  over  calcium  chloride,  evaporated  in  vacuo.  A  light  brown 
syrup,  soluble  in  benzene,  alcohol,  insoluble  in  ligroin,  and  which  could 
not  be  crystallized  was  obtained. 

EL  Action  of  Acetyl  Bromide  on  Inulin. — Intdin  was  purified  by  dis- 
saving a  good  grade  of  inulin  in  hot  water,  filtering  from  insoluble  matter, 
and  precipitating  with  three  times  its  volume  of  alcohol.  This  was  re- 
peated three  times  when  the  inulin  no  longer  reduced  Fehling's  solution. 
The  inulin  was  first  dried  over  sulfuric  add  in  a  vacuum  desiccator  and 
then  for  five  hoiu's  at  lOo**  over  phosphorus  pentoxide  in  vacuo. 

Five  grams  of  inulin  thus  ptuified  were  placed  in  a  flask,  packed  with 
ke,  and  25  cc.  of  acetyl  bromide,  also  cooled,  added.  The  mixture  was 
allowed  to  stand  in  ice  about  twdve  horn's,  when  all  had  gone  into  solu- 
tion. Great  care  must  be  used  in  keeping  down  the  temperature  to  avoid 
,  charring.  The  yellow  syrup  obtained  above  was  dissolved  in  ether, 
washed  with  ice-cold  soditmi  sulfite  and  soditun  carbonate  solution; 
the  ethereal  solution  was  dried  over  caldum  chloride,  filtered,  and  the 
ether  was  evaporated  in  vacuo  at  low  temperature.  A  yeUow  syrup 
remained  which  resisted  all  attempts  to  crystalUze  it.  The  syrup  re- 
duced Fehling's  solution.  Several  bromine  determinations  were  made 
OQ  this  sjrrup,  but  as  the  product  is  very  impure  they  did  not  check. 
An  average  analysis  is: 

0.8685  %•  subs,  gave  0.2610  g.  AgBr  ■■  13.7%  Br.     Calc.  for  acetbrotnofructose  » 
1946%  Br;  for  acetbromodisaocharide  «  11.44%  Br. 

Five  grams  of  crude  acetate  prepared  above  were  shaken  with  an  ex- 
cess of  bariiun  hydroxide  solution  until  nearly  all  had  gone  into  solution. 
The  solution  was  filtered,  the  filtrate  saturated  with  carbon  dioxide, 
the  barium  carbonate  filtered  off,  and  the  filtrate  evaporated  in  vacuo 
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to  S3rrup.  The  syrup  is  soluble  in  alcohol,  reduces.  Fehling's  solutioiii 
and  gives  an  osazone  which  was  identified  as  fructosazone  (glucosazone). 
The  substance  resisted  all  attempts  to  crystallize  it. 

Summary. 

1.  Sucrose  treated  with  acetyl  bromide  gives  acetbromoglucose. 

2.  Sucrose  treated  with  acetyl  chloride  gives  acetchloroglucose. 

3.  Maltose  treated  with  acetyl  bromide  gives  acetbromomaltose. 

4.  Maltose  treated  with  acetyl  chloride  gives  acetchloromaltose. 

5.  Maltose  treated  with  acetic  anhydride  and  sulfuric  add  gives  oct- 
acetyl  maltose. 

6.  Lactose  treated  with  acetyl  chloride  probably  gives  acetchloro- 
lactose. 

7.  a-Methyl   glucoside   treated   with   acetic   anhydride   and   sulfuric 
acid  gives  a-pentacetyl  glucose. 

8.  a-Methyl  glucoside  treated  with  acetyl  bromide  gives  an  unidenti- 
fied syrup. 

9.  Inulin  treated  with  acetyl  bromide  gives  an  unidentified  syrup. 

10.  From  the  work  so  far  we  feel  justified  in  concluding  that  there  is"a 
marked  difference  in  stability  toward  acetolysis  by  different  oxygen  Unk- 
ings in  disaccharides  and  polysaccharides. 

11.  Acetyl   chloride,    bromide,    and    sulfate    show   similar   acetolytic 

action. 
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In  a  report  of  the  Council  on  Pharmacy  and  Chemistry^  of  the  Amer- 
ican Medical  Association,  the  root  of  Brauneria  angustifolia,  commonly 
*  /.  Am.  Med.  Assoc.,  53,  X836  (1909). 


I770  PRBDBRICK  W.   HEYL  AND  MERRILL  C.   HART. 

known  as  Echinacea  is  stated  to  be  without  therapeutic  value.  Never- 
theless, there  is  a  sufficient  demand  for  the  root  to  make  it  profitable 
for  a  number  of  agriculttuists,  especially  in  Kansas  and  Nebraska.,  to 
supply  the  present  requirements  of  the  pharmaceutical  market.  This 
demand  for  the  drug  consists,  not  only  for  use  in  the  several  patent  medi- 
cines enumerated  in  the  above  mentioned  report,  but  also*  for  nonofficial 
unadvertised  preparations,  such  as  the  common  fluid  extract. 

For  this  reason  it  has  been  considered  of  interest  to  subject  the  root 
to  a  chemical  study,  to  learn  if  the  chemical  evidence  gained  would  be 
of  any  value  in  forming  a  more  definite  conclusion  upon  its  therapeutic 
properties.  No  physiologically  active  substance  was  isolated,  and  the 
results  herein  reported  may,  therefore,  be  considered  as  partially  con- 
firmatory to  the  report  of  the  Council. 

The  study  of  the  plant  was  made  as  nearly  quantitative  as  possible 
and  we  have  endeavored  to  state  the  weights  of  the  many  fractions  into 
which  the  alcohol  soluble  constituents  were  separated.  A  review  of  the 
quantities  of  the  indefinite  noncrystalline  substances,  as  compared  with 
the  weights  of  the  plant  constituents  which  could  be  identified,  indi- 
cates that  the  former  products  very  greatly  preponderate.  In  view  of 
these  facts  the  chemical  evidence  cannot  be  considered  conclusive. 

In  an  earlier  paper^  from  this  laboratory  the  proximate  analysis  of  this 
root  was  reported.  It  was  shown  that  the  air-dried  root  contained  10.9% 
moisture  and  7.8%  ash.  Ligroin  extracted  0.77%;  ether,  1.2%  and  al- 
cohol 19.7%  (of  which  only  0.14%  is  inorganic).  The  residue  insoluble 
in  alcohol  had  the  following  composition:  crude  fiber,  24.7%;  pentosans, 
156%;  protein,  6.9%;  inulin,  5.9%.  An  "inuloid"  product  amounting 
to  about  6.0%  was  also  present.  These  results  account  for  about  98% 
of  the  plant.  The  presence  of  inulin  and  inuloids  rather-  than  starch  and 
dextrins  causes  this  summation  to  be  subject  to  some  error,  because  of 
the  lack  of  well-known  methods  for  the  determination  of  inulins. 

The  alcoholic  extract  showed  the  presence  of  about  7.0%  sucrose  and 
4.0%  1  vulose.  The  resin  amounts  to  1.9%  of  the  air-dried  plant.  Of 
the  19.7%  dissolved  by  alcohol  these  substances  amount  to  12.9%,  leaving 
6.8%  unaccounted  for. 

We  report  the  examination  of  the  products  present  in  the  alcoholic 
solution  and  soluble  in  water,  and  of  the  ligroin,  ether,  chloroform,  ethyl 
acetate,  and  alcoholic  extracts  of  the  resin  which  was  insoluble  in  water. 

The  aqueous  solution  yielded  traces  of  a  phenolic  acid  agreeing  in*  compo- 
sition with  the  formtda  CgHioOs  and  melting  at  207°;  an  amorphous  gluco- 
sidic  amyl  alcohol  extract  amounting  to  0.3%;  betaine,  0.1%;  and  the  sugars 
abovie  mentioned. 

The  ligroin  extract  of  the  resin  yielded  oleic,  linolic,  cerotic  and  palmitic 

^  Am.  /.  Pharm.,  86,  451  (1914)- 
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adds;  two  isomeric  phytosterols,  CstHmO,  one  melting  at  154.5-156.5° 
and  forming  an  acetate  melting  at  131.5-132°,  while  the  other  phytosterol 
melted  at  136-137°  and  formed  an  acetate  melting  at  118-120°.  The 
ether  extract  yielded  a  ph3rtosterolin  melting  at  280-290°  and  agreeing 
in  composition  with  the  formula  CsaHseOe.  The  acetate  of  this  compound 
melted  at  163-164°. 

The  chloroform,  ethyl  acetate,  and  alcoholic  extracts  of  the  resin 
yielded  no  definite  products. 

BzperimentaL 

The  material  used  in  this  investigation,  amounting  to  33.3  kg.  of  the 
air-dried  drug,  was  exhausted  by  percolation  with  95%  alcohol.  The 
percolate,  which  amounted  to  260  liters,  was  concentrated  under  dimin- 
ished pressure  to  a  volume  of  11.5  liters.  The  resin  was  completely  pre- 
cipitated by  mixing  this  alcoholic  solution  with  about  20  liters  of  dis- 
tilled water.  By  siphoning,  most  of  the  aqueous  layer  was  readily  sepa- 
rated from  the  supernatant  resin.  We  thus  obtained  two  fractions, 
(i)  the  plant  substances  soluble  in  water,  (2)  the  resin,  a  brownish  yellow 
product,  which  failed  to  give  any  evidence  of  crystallization  from  solution 
^  95%  alcohol  at  various  concentrations. 

Examination  of  the  Aqueous  Solution. — ^This  clear  reddish  brown 
solution  was  concentrated  tmder  diminished  pressiu'e  to  a  volume  of  about 
ten  liters  and  extracted  repeatedly  with  large  volumes  of  ether.  The 
ethereal  solution,  which  contained  not  more  than  5  g.  of  material,  was 
concentrated  to  a  small  volume  and  fractionally  extracted  with  solutions 
of  hydrochloric  add  (10%)  water,  ammonium  carbonate,  sodium  car- 
bonate, and  potassium  hydroxide  successively.  The  last  two  solvents 
extracted  nothing  which  could  be  identified. 

The  hydrochloric  add  extracts  of  the  ether  extract  were  dark  brown  in 
color,  and  upon  standing  gave  smeary  predpitates.  Tests  with  Mayer's 
reagent  and  with  iodine  in  potassium  iodide  solution  gave  slight  but  posi- 
tive results  in  the  first  five  acid  extracts. 

Each  of  the  anunonitun  carbonate  extracts  was  acidified  separatdy. 
The  first  extract  gave  an  oil  which,  after  standing  several  days,  showed 
the  presence  of  a  small  quantity  of  a  crystalline  body.  The  subsequent 
extracts  gave  similar  results,  but  with  the  presence  of  smaller  amoimts 
of  the  smeary  material.  The  add  liquid  was  in  each  fraction  poiu^ed 
off  from  this  predpitate  and  the  residue,  after  drying  in  a  vacuum  over 
sulfuric  add,  was  allowed  to  stand  with  a  small  volume  of  anhydrous 
ether,  which  readily  dissolved  the  smear  and  left  a  residue  of  the  crystal- 
Hne  material.  These  products  amounted  to  less  than  o.i  g.  As  the 
product  was  obviously  impure  and  insufficient  to  work  with,  the  original 
^ueous  extract  was  concentrated  sharply  to  a  volume  of  5.5  liters  and 
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again  extracted  with  ether.    The  ether  extracts  were  worked  up  as  before, 
but  the  additional  quantity  of  substance  isolated  was  very  slight. 

The  material  separating  upon  acidification  of  the  ammonium  carbonate 
extracts,  was  united  in  one  fraction  and  dissolved  in  absolute  methyl 
alcohol.  It  was  then  esterified  with  dry  hydrochloric  acid  gas  in  the 
usual  manner.  The  solvent  was  removed  and  the  esters  dissolved  in  ether. 
The  ethereal  solution  was  extracted  with  water  and  with  ammonium 
carbonate.  Most  of  the  product  was  extracted  with  dilute  potassium 
hydroxide  solution,  thus  indicating  the  presence  of  a  phenolic  ester.  The 
alkaline  extract  was  concentrated  to  a  small  bulk  on  the  water  bath  in 
order  to  saponify  the  ester.  Upon  acidification  an  add  separated  in  color- 
less needles,  which,  after  recrystallization  from  water,  melted  at  about 
207°.  Upon  elevating  the  temperature  in  the  capillary  tube  above  the 
melting  point  the  evolution  of  a  gas  ensued.  This  product  gave  no  color 
test  with  a  solution  of  ferric  chloride  and  upon  analysis  gave  results  which 
agree  with  an  add  having  the  formula  CaHioOs,  possibly  a  trioxyphenyl- 
propionic  add. 

0.0564  g.  subst.  gave  0.1 125  g.  COi  and  0.0262  g.  H|0.    Calc.  for  CtHieOs:  O, 
54.5;  H,  5.1;  found:  C,  54.4;  H,  5.2. 

The  aqueous  solution  which  had  been  completdy  extracted  with  ether 
was  now  extracted  repeatedly  with  hot  amyl  alcohol.  By  carefully  con- 
centrating the  various  amyl  alcohol  extracts  there  was  obtained  several 
crops  of  brown,  amorphous  material  which,  being  similar  in  appearance, 
were  joined.  This  product  could  not  be  crystallized.  An  add  hydrolysis 
yidded  nothing  crystalline.  It  yielded,  however,  a  quantity  of  d-phenyl- 
glucosazone  mdting  at  202-203^. 

The  filtrates  from  which  the  above  mentioned  brown  amorphous  product 
had  separated  were  studied  separatdy  but  could  not  be  brought  to  crys- 
tallization. When  the  amyl  alcoholic  solution  was  predpitated  with  lig- 
roin,  the  material  separated  as  a  smear.  By  predpitation  with  ether 
it  was  found  possible  to  prepare  a  light,  amorphous  product  from  the 
latter  fractions,  whereas  the  products  from  the  first  three  of  the  amyl 
alcoholic  extracts  were  of  a  syrupy  consistency. 

All  of  this  material  was  brought  into  one  fraction.  The  weight  was 
approximatdy  95  g.  The  amyl  alcohol  fraction  therefore  amounts  to 
about  0.31%  of  the  root. 

Forty-two  grams  of  this  material  were  boiled  for  one  minute  with  10% 
aqueous  potassium  hydroxide  in  the  presence  of  suffident  alcohol  to  re- 
tain it  in  solution.  Nothing  of  interest  was  isolated;  another  portion, 
amotmting  to  50  g.  and  entirely  free  from  material  reducing  Pehling's 
solution,  was  boiled  with  21  g.  of  sulfuric  add  for  2V2  hours  in  the  pres- 
ence of  500  cc.  dilute  alcohol.  On  standing  over  night  a  heavy  smear 
separated.    The  supernatant  liquid  was  potu-ed  from  the  resin  and  dis-. 
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tilled  in  a  current  of  steam.  Although  this  add  hydrolysis  was  accom- 
panied by  the  evolution  of  a  product  having  an  odor  similar  to  furfur- 
aldehyde,  the  steam  distillate  failed  to  give  a  positive  test  for  this.  The 
steam  distillate  contained,  floating  upon  the  surface,  an  appreciable  quan- 
tity of  an  oil  which  was  not  identified. 

The  acid  liquid  which  had  been  distilled  with  steam  was  extracted 
with  ether.  The  ether  yielded  traces  of  an  add  melting  at  203-205** 
and  identical  with  the  one  previously  described. 

The  aqueous  liquid  which  had  been  extracted  with  ether  showed,  when 
quantitatively  studied  as  regards  its  redudng  action  upon  Pehling's  solu- 
tion, the  presence  of  a  sugar  amounting  to  3.2  g.  calculated  as  dextrose. 
It  yidded  d-phenylglucosazone  melting  at  203-204°. 

The  products  extracted  with  amyl  alcohol  are,  therefore,  shown  to  be 
partially  glucosidic  in  their  nature.  They  possess,  in  part  at  least,  the 
bitter  taste  of  Echinacea  root. 

The  aqueous  liquid  which  had  been  extracted  with  ether,  and  with  amyl 
alcohol,  was  freed  from  the  latter  immisdble  solvent  by  means  of  a  vigorous 
steam  distillation.    The  total  volume  at  this  point  was  8.8  liters. 

100  cc.  gave,  with  lead  subacetate,  a  precipitate  containing  0.0871  g.  nitrogen. 

100  oc.  gave,  when  distilled  with  MgO,  0.0x29  g*  nitrogen  as  ammonia. 

25  cc  gave  a  quantity  of  nitrogen  equivalent  to  0.5004  g.  per  100  cc.  by  the  Kjel- 
dahl  method. 

The  distribution  of  nitrogen  is  therefore  as  follows:  Total  soluble  nitrogen  " 
<^-i32%;  ammonia  nitrogen  »  0.0034%;  lead  subacetate  predpitable  nitrogen  « 
<>-<»3%;  nitrogen  predpitated  with  phosphotungstic  add  «  0.032%. 

Obviously,  a  large  part  of  the  nitrogenous  constituents  is  not  aocoimted 
for  in  the  above  table.  In  order  to  test  for  add  amides  such  as  asparagine 
and  glutamine,  one-fifth  of  the  solution  was  predpitated  with  mercuric 
acetate  solution,  but  only  a  very  slight  separation  took  place.  Its  subse- 
quent examinations  for  asparagine,  glutamine  and  allantoine  were  negative. 

The  remaining  four-fifths  was  completdy  predpitated  with  basic  lead 
acetate,  whereupon  a  heavy  predpitate  separated.  This  was  removed 
by  filtration  and  decomposed  with  hydrogen  sulfide  in  the  usual  manner. 
This  dark-colored  solution  gave,  with  ferric  chloride  solution,  a  very  slight 
greenish  color.  The  usual  tests  for  tannin  were  negative.  An  effort 
to  prepare  copper  salts  from  the  solution  proved  futile  and  an  alkaline 
hydrolysis  yielded  no  defiinite  products.  This  fraction  contained  about 
168  g.  of  amorphous  material. 

The  filtrate  from  the  above  predpitation  was  freed  from  the  excess  of 
lead  with  hydrogen  sulfide  and  after  filtering  off  the  lead  sulfide,  the  fil- 
trate was  concentrated  to  a  syrup,  which  contained  2967  g.  of  material 
(dried  at  100°).  A  quantity  (535  g.)  was  predpitated  with  an  excess 
(180  g.)  of  phosphotungstic  acid  in  the  presence  of  5%  sulfuric  add. 
A  heavy  predpitate  resulted.    This  was  removed  by  filtration,  washed 
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with  5%  phosphotungstic  add  wash  and  decomposed  by  the  method  of 
Wechsler.^    The  solution  of  the  basic  products  was  made  up  to  a  volume 

of  2000  cc. 

35  cc.  distilled  with  MgO  yielded  no  ammonia. 
100  cc.  required  by  Kjeldahl  method  54.5  cc.  o.i  N  acid. 

Of  the  2000  cc.  solution,  600  cc.  were  concentrated  to  a  syrup  at  33°. 
To  this  was  added  350  cc.  of  absolute  alcohol.  A  separation  of  0.72  g. 
of  amorphous  material  took  place.  The  filtrate  from  this  material  was 
concentrated  to  a  symp  which  weighed  about  6  g.,  and  it  was  now  readily 
soluble  in  absolute  alcohol.  To  this  alcoholic  solution  an  excess  of  con- 
centrated hydrochloric  acid  was  added,  and  after  standing  a  short  time 
beautiful  crystals  of  betaine  hydrochloride  formed.  Altogether,  1.45 
g.  of  betaine  hydrochloride,  equivalent  to  0.08%  of  the  plant  were  obtained. 
The  melting  point  was  237-238°. 

Calc.  for  CiHuOiN.HCl:  Q,  23.1%;  found:  CI,  22.85%. 

It  formed  the  double  platinum  salt,  which  melted  at  242  °. 

Calc.  for  (C»HiiOiN.HCl)jPtCl4:  Pt,  30.3%;  found:  Pt,  30.8%. 

It  is  evident  that  the  betaine  isolated  quantitatively  as  the  hydro* 
chloride  fails  to  account  for  the  total  nitrogen  in  this  fraction,  for  the 
quantity  of  nitrogen  due  to  betaine  is  only  0.44  g.,  against  1.53  g.  known 
to  be  present  in  the  2000  cc.  solution.  This  nitrogenous  product  is  pres- 
ent in  the  filtrate  of  the  betaine  hydrochloride  but  was  not  identified. 

The  study  of  these  nitrogenous  constituents  was  repeated  upon  a  larger 
quantity,  following  th^  comprehensive  methods  outlined  by  £.  Schulze 
and  K.  Winterstein.^  A  sUght  separation  of  a  purine  fraction  was  ob- 
tained but  nothing  Could  be  isolated  from  it.  The  arginine  and  histidine 
fraction  was  absent.  The  material  was  precipitated  for  the  second  time 
with  phosphotimgstic  add,  and  betaine  hydrochloride  quantitatively 
separated  as  before.  The  alcohoUc,  neutral  filtrate  was  precipitated  with 
a  saturated  alcoholic  solution  of  mercuric  chloride,  whereupon  a  thick, 
black  oil  separated,  but  no  crystalline  mercuric  salts  could  be  obtained. 
The  oil,  as  well  as  the  filtrate  from  it  were  treated  with  hydrogen  sulfide, 
but  no  crystalline  products  could  be  prepared. 

The  other  products  of  the  S3rrupy  liquid,  as  has  been  shown  in  another 
paper,'  are  levulose  and  sucrose.  This  S3rrup  3rielded  a  heavy  crystalline 
deposit  of  d-phenylglucosazone  melting  with  decomposition  at  203-205**. 

Examination  of  the  Resin. — ^The  resin  weighed  628  g.  It  was  ex- 
tracted in  the  usual  manner  with  various  solvents  with  the  following 
results:  ligroin,  222  g.;  ether,  107  g.;  chloroform,  180  g.;  ethylacetate> 
35  g. ;  alcohol,  70.0  g. 

*Z.  physiol.  Chem.,  73,  138  (191 1). 

*  Handbuch  der  Biochem,  Arbeiismeihoden,  Vol.  II,  p.  518. 

*  Loc.  cit. 
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The  Ltgroin  Extract. — For  the  further  examination  of  this  material 
157  g'  were  dissolved  in  500  cc.  of  ether.  The  ether  solution  was  ex- 
tracted with  small  portions  of  5%  and  10%  hydrochloric  acid  solutions. 
These  were  made  alkaline  and  extracted  with  chloroform.  The  chloro- 
fonn  solution  gave  a  slight  test  for  alkaloids  with  Mayer's  reagent,  but 
QQ  evaporation  of  the  solvent  a  small,  oily  residue  was  left  frofn  which  noth- 
ing was  obtained.  The  ethereal  solution  was  then  extracted  successively 
with  solutions  of  anmionium  carbonate,  potassium  carbonate,  and  po- 
tassium hydroxide.  The  potassium  carbonate  extract  yielded,  upon  acidi- 
&ation,  40  g.  of  fatty  acids.  This  was  completely  soluble  in  ligroin. 
The  ligroin  solution  was  dried  over  anhydrous  sodium  sulfate,  filtered  and 
the  ligroin  removed.  The  residue  distilled  under  diminished  pressure, 
bdled  for  the  most. part  from  236-276*  at  33  mm.  The  iodine  numbers 
of  the  fractions  varied  from  75.8  to  82.8.  , 

The  fatty  adds  were  then  separated  into  their  solid  and  liquid  com- 
ponents by  the  usual  method.  From  23  g.  of  the  mixed  fatty  adds,  12.9 
g.  of  liquid  adds  were  obtained,  which  were  distilled  tmder  diminished 
pressure. 


Preflsure.  Tempcn-  Iodine. 

Fraction.  Mm.  ture.  numbcn. 

I 17-18  168-200* 

2 17-18  210-240  "9.7 

3 17-18  240-273  1 16. 2 

4 17-18  273-294  100.6 

A  combustion  was  made  on  Fraction  II. 

Calc  for  CisHmOx:  C,  76.59;  H,  12.06;  for  CnHtsOs:  C,  77.1;  H,  11.4;  found: 
C,7744;H,  11.64, 

The  iodine  numbers,  as  well  as  the  results  of  the  combustion,  indicate 
the  liquid  adds  to  be  a  mixture  of  oleic  and  linolic  adds  with  oleic  add 
predominating. 

The  potassitmi  hydroxide  extractions  of  the  ethereal  solution  gave  only 
a  slight  amount  of  an  oily  residue,  which  was  examined  in  conjunction  with 
the  fatty  adds  obtained  after  the  hydrolysis  of  the  glycerides  with  alcoholic 
potash. 

After  the  ethereal  solution  had  been  extracted  with  potassium  hydroidde 
the  ether  was  removed  and  the  residue  saponified  with  alcoholic  potash. 
The  alcohol  was  removed  and  the  residue  diluted  with  water.  This  alkaline 
solution  was  then  extracted  many  times  with  ether. 

The  aqueous  solution  of  the  potassium  salts,  after  the  removal  of  the 
unsaponifiable  matter  by  means  of  ether,  was  acidified  and  then  again 
otracted  with  ether.  The  ethereal  solution  was  washed^  dried  and  the 
ether  removed.  On  dissolving  the  residue  in  a  large  volume  of  low  boiling 
petroleum,  a  small  quantity  of  resinous  matter  was  predpitated.  The 
petrdeum  was  then  removed  and  the  residue  distilled  tmder  diminished 
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pressure.  The  weight  of  distilled  adds  was  48.5  g.  (iodine  number  « 
101.9).  These  adds  were  separated  into  the  solid  and  liquid  components 
by  the  usual  method.  Nineteen  grams  of  liquid  add  and  24.6  g.  of  solid 
fatty  add  were  obtained.  The  liquid  adds  were  then  distilled  again  under 
diminished  pressture.    Most  of  the  add  came  over  at  about  200°  at  1 1  mm. 

Tempera^  Pressure.  Iodine 

Fraction.  ture.  Mm.  number. 

I -175*  H 

2 175-215  II  141-4 

3 215-230  II         147.7 

4 230-250  II         1 18. 4 

To  gain  f  tulher  insight  into  the  nature  of  these  adds  they  were  oxidized 
by  the  method  outlined  by  Lewkowitsch.^ 

Dioxystearic  add,  mdting  at  129.5-130.5*^  was  isolated.  Sativic  add 
wa^  obtained  upon  the  oxidation  of  the  liquid  acids  occurring  free  in  the 
fat;  and  also  from  the  adds  obtained  after  hydrolysis.  The  mdting  point 
was  155-158**.  The  mdting  point  after  a  large  number  of  crystallizations 
from  alcohol  was  raised  to  1 70.5-1 72**. 

Calc.  for  CiiHhOc:  C,  62.1;  H,  10.3;  found:  C,  61.8;  H,  10.5. 

The  Solid  Fatty  Adds. — ^The  solid  fatty  acids  amounting  to  27.2  g. 
derived  from  the  hydrolysis  of  the  glycerides  were  united  with  those  that 
occurred  free  in  the  fat  and  subjected  to  fractional  crystallization  from 
absolute  alcohol.  The  first  fraction  that  separated,  when  recrystallized 
from  absolute  alcohol,  wdghed  0.7  g.  and  mdted  at  77-78°.  After  one 
more  crystallization  from  alcohol  it  mdted  at  77.5-78.5  °.  It  was  identified 
as  cerotic  add. 

Calc.  for  CmHoOs:  C,  78.8;  H,  13.1;  N.  V.,  141.7;  found:  C,  78.6;  H,  13.1;  N.  V., 
140.4. 

Fraction  II  after  several  crystallizations  from  absolute  alcohol  mdted 

at  53.5  to  55.5  ^ 

Calc.  for  CiaHoOs:  C,  75.0;  H,  12.5;  N.  V.,  219.1. 
For  CisHnOs:  C,  76.1;  H,  12.7;  N.  V.,  197.5. 

Pound:  C,  75.26;  H,  12.33;  N.  V.,  202.8. 

This  is  imptu-e  palmitic  add. 
Fraction  III,  after  several  crystallizations  from  absolute  alcohol,  melted 

at  55-57*"- 

04842  g.  neutralized  0.973  g.  KOH.     Neutralization  value*  =  200.4. 

Examination  of  the  Unsaponifiable  Matter. — ^The  ethereal  solution 
was  gradually  concentrated  but  no  hydrocarbons  separated.  Upon  the 
complete  removal  of  the  ether  a  partially  crystalline  residue  amounting 

^  "Chemical  Technology  and  Analirsis  of  Oils,  Pats  and  Waxes/'  p.  564. 

'  Lewkowitsch,  Vol.  i,  p.  518.  Tortelli  and  Pergami  obtained  a  value  of  202.7 
for  palmitic  add  when  titrated  in  the  cold.  This  was  repeated  in  this  laboratory 
and  the  value  204.2  was  obtained. 
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to  about  48  g.  remained.    This  material  was  fractionally  crystallized  from 
absolute  alcohol  and  from  ethyl  acetate. 

It  consisted  in  part  of  a  crystalline  mixture  of  ph3rtosterols  and  also  of 
an  oily  fraction  which  remains  in  the  mother  liquors  after  the  separation 
of  the  less  soluble  phytosterols.  A  fraction  of  these  melting  at  134-135^ 
was  analyzed. 

Calc.  for  CtTHitO.HsO:  HtO,  4.8;  found:  HtO,  4.7. 

Calc.  for  CsrHtfO:  C,  83.9;  H,  11.9;  found:  C,  83.8;  H,  11.9. 

As  the  melting  points  of  the  various  fractions  were  not  constant,  the 

entire  fraction  was  acetylated  and  13.2  g.  of  the  acetates  were  obtained. 

When  tested  for  the  presence  of  stigmasterol  by  the  method  of  Windaus 

and  Hauth^  it  gave  negative  results.    The  remaining  10  g.  were  frac* 

tionally  oystallized  from  ethyl  acetate.    By  this  means  two  fractions 

were  jBinally  separated,  the  less  soluble  melting  at  131.5-132  ^  and  the  other 

melting  at  118-120^.    The  former  separated  in  plates  while  the  lower 

melting  compound  formed  needles.    The  acetate  melting  at  131.5-132^ 

was  analyzed. 

Calc.  for  CttH^sOi:  C,  81.3;  H,  11.3;  found:  C,  81.0;  H,  Z0.9. 

When  hydrolyzed  it  proved  to  be  a  mono-acetate,  0.3904  g.  yielded  acetic  iLcid 
eqiUYalent  to  ii.i  cc.  o.i  J^T  KOH  while  the  calculated  voltune  required  by  the  formula 
CitH«OCOCH«  is  9.2  cc. 

The  regenerated  phytosterol  crystallized  from  ethyl  acetate  formed 

well  defined  plates  that  melted  at  154.5-156.5 ^    It  was  dried  at  iio^. 

Calc.  for  CitHmO:  C,  83.9;  H,  11.9;  found:  C,  83.7;  H,  IZ.7. 

0.3446  g.  of  the  anhydrous  phytosterol  made  up  to  20  oc.  with  chloroform  showed 
A  rotation  of  — 1.46®  in  a  2  dcm.  tube,  whence  [a]^  ■■  — ^43.2. 

The  more  soluble  fraction  of  the  acetate  when  hydrolyzed  yielded  a  ph3rt06-^ 
lerol  that  melted  at  136-137°.     It  was  dried  at  i  lo**. 

Calc.  for  C17H41O:  C,  83.9;  H,  ix.9;  found:  C,  83.8;  H,  ix.8. 

In  the  cotu-se  of  this  fractional  crystallization,  by  means  of  which  the 
above  phytosterol  acetates  were  separated,  we  obtained  a  large  intermediate 
fraction,  which  yielded  a  series  of  crystaUizations  wherein  the  melting 
point  ranged  from  121. 5-1 26**.  Whether  or  not  this  contained  a  third 
isomer  such  as  sitosterol  was  not  established.  From  the  fraction  of  the 
acetates  melting  at  126°  a  further  quantity  of  the  phytosterol  melting 
at  about  155**  could  be  prepared. 

The  syrupy  mother  liquor  remaining  after  these  substances  had  been 
isolated  was  freed  from  alcohol  and  subjected  to  a  fractional  distillation. 
It  passed  over  between  210**  to  310°  at  20  mm.  Most  of  the  oil  distilled 
at  240-290®.  The  fractions  were  thick,  sticky,  oils  which  did  not  solidify 
iipon  cooling. 

'  Bff.,  39, 4378  (1906);  40, 3681  (1907). 
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The  Ether  Extract  of  the  Resin. — Upon  concentrating  the  ethereal 

solution  a  quantity  (0.4  g.)  of  material  separated  which  gave  the  color 
tests  characteristic  for  ph)rtosterolins.  It  was  purified  by  recrystalliza- 
±ion  from  dilute  pyridine  and  melted  and  decomposed  at  280-290°. 

Cede,  for  CuHmOs:  C,  72.3;  H,  10.2;  found:  C,  72.4;  H,  10.3. 

The  phytosterol  glucoside  was  converted  into  an  acetate  which  melted 
at  163-164°. 

The  ethereal  solution  from  which  this  compound  had  separated  was 
'extracted  with  solutions  of  ammonium  carbonate,  sodium  carbonate,  and 
potassium  hydroxide.  The  last  named  solution  dissolved  most  of  the 
material,  but  the  further  examination  of  both  the  potassium  hydroxide 
^ution  and  of  the  ether  failed  to  yield  any  crystalline  substances. 

The  Chloroform  Ethyl  Acetate,  and  Alcoholic  Extracts  of  the  Resin, 
^ere  examined  in  an  exhaustive  manner  but  nothing  could  be  isolated. 

Kalamazoo,  Mich. 
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Studies  relating  to  the  amino-add  content  of  isolated  proteins  are  of 
fundamental  importance  in  revealing  the  chsiracter  of  the  chemical  pro- 
cesses involved  in  nutrition  and  in  determining  the  relative  nutritive 
value  of  the  different  proteins.  The  qualitative  and  the  quantitative 
amino-add  content  of  most,  if  not  all,  of  the  forty  or  fifty  natural  proteins 
that  have  been  isolated  has  been  determined  by  such  methods  as  are  now 
available  for  such  work.  However,  the  quantitative  amino-add' content 
of  the  mixed  proteins  of  our  feeding-stuffs  is  still  entirely  unknown.  It 
is  desirable,  if  possible,  to  determine  the  amino-add  values  of  feeding- 
stuffs,  since  practical  animal  husbandry  men  must  always  deal  with  certain 
mixtures  of  proteins  and  protein  derivatives  as  they  are  fotmd  in  the 
naturally  occurring  feeds. 

It  is  at  present  impossible  to  calculate  the  amino-add  content  of  feeding- 
stuffs  from  the  amino-add  content  of  the  isolated  protdns  for  two  reasons: 
first,  all  of  the  proteins  of  any  one  of  the  common  feeding-stuffs,  except 
milk,  have  not  as  yet  been  isolated  in  a  pure  state;  and  second,  there 
are  as  yet  no  methods  available  for  the  quantitative  separation  and 
determination  of  the  proteins  of  feeding-stuffs,  although  some  of  the  main 
proteins  of  a  number  of  the  feeding-stuffs  have  been  quaUtativdy  separated. 

As  T.  B.  Osborne  has  clearly  pointed  out,  it  is  quite  important  for  us 
to  know,  finally,  if  possible,  the  proportion  of  each  type  of  protein  con- 
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tained  in  feeding-stuffs,  yet,  this  is  probably  not  so  essential  as  a  knowledge 
of  the  anuno-add  content  since  the  nutritive  values  of  the  mixed  proteins, 
(tf  feeding-stuffs  are  ultimately  determined  by  their  amino-add  content 
and  not  by  the  proportion  of  the  various  proteins  which  they  contain. 
If  the  amino  adds  can  be  determined  without  first  isolating  and  purifying 
the  proteins  of  the  feeding-stuffs,  the  desired  information  can  be  obtained 
much  more  readily. 

With  the  object  of  determining  quantitativdy  the  amino  adds  of 
feeding-stuffs  we  undertook  to  apply  the  Van  Slyke^  method  which  he 
and  other  investigators  have  so  successfully  used  in  the  determination 
of  the  chemical  groups  diaracteristic  of  the  different  amino  adds  of  pro- 
teins. In  doing  this  work  we  have  followed  in  considerable  detail  the 
Van  Slyke  method,  with  the  exception  that  the  quantities  of  the  feeding- 
stuff  taken  for  the  hydrolysis  have  necessarily  been  larger  than  the  amounts 
of  the  protein  material  used  by  Van  Slyke. 

The  results  so  far  obtained  are  given  in  condensed  form  in  Tables  I 
and  II.  The  duplicate  or  triphcate  results  reported  for  the  same  feeding* 
stuff  were  obtained  from  the  hydrolysis  of  two  or  three  different  portions 
of  the  same  sample  of  cottonseed  meal,  tankage  and  alfalfa  hay. 

The  results  of  the  determinations  given  bdow  indicate  that  the  Van 
Slyke  method  for  the  determination  of  the  chemical  groups  characteristic 
of  the  amino  adds  can  be  applied  directly  to  the  quantitative  determina- 
tion of  amino  adds  of  feeding-stuffs  with  at  least  a  fair  degree  of  acctu'acy. 

Table  I. — ^Ths  Quaktitativb  Detbruination  of  the  Amino  Acids  op  PsBonfo- 

Stuffs. 

Results  expressed  in  per  cent,  of  the  total  nitrogen  of  the  feeding-stuff. 

Non-     Total 
Amino  N  amino  N     N 
Am-         Mel-      Argin-     Cys-      Histi-     Ly-    in  filtrate  in  filtrate    by 
monia       anine        ine         tine        dine      sine        from  from   summa* 

Feeding-atoffa..  N.  N.  N.  N.  N.  N.        baaea.        basea.      tion. 

Cottonseed  meal.. .  10.46  7.65  19.33  0.62  5.28  5.81  42.61  5.74  97.50 
"...  XO.30  7.78  19.49  065  4-90  4-33  42.04  5.30  94-79 
"...   10.59      7.91     19.74    o.6^    6.23    4.21     43.80      5.26    98.41 

10.45      7.78     19.52     0.65     5.47    4.78    42.82      5.43    96.90 

Taokage 6.52      4.40    14.38     1.27    5.15     7.52    52.36      7.27    98.87 

6.56      4.50     14.18     1.24    4.76    7.64    52.57       7.17    98.62- 

6.66      4.30     13.88     1.32     4.91     7.28    52.24      7.38    97.97 

Average 6.58      4.40     14.15     1.28    4.97     7.48    52.39      727     98-49' 

AMalfahay 8.46     15.54      7-72    0.79    7.39    4.08    43.88     10.14    98.00 

8.42     16.03       7.64    0.97     7.49    4.12     44.15      9.43     98.15 

Average 8.44     15.79      7-^8    0.88     7.44    4.10    44.02      9.79    98.08- 

*  D.  D.  Van  Slyke,  /.  Bid.  Chem,,  9, 185  (1911);  la,  275  (1912);  16, 121  (1913-14). 
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Table  II. — ^The  Quamtitatxve  Detekmznation  op  the  Amino  Acids  of  Fesding- 

Stuffs. 

Results  expressed  in  per  cent,  of  the  feeding-stuff. 

Nod-       Total 
Amino  N  Amino  N      N 
Am-         Mel-       Argin-      Cvt-        Histl-         Ly-    infiltrate  infiltrate     by 
monia      anine         ine  tine         dine  tine         from         from    Munntaf 

Pceding-stnffs.  N.  N.  N.  N.  N.  N.  baaca.      bases.       tloa. 

Cottonseed  meal  0.702    0.514     1.298    0.041    0.355    0.390    2.862    0.385    6.547 

0.692    0.522     1.309    0.044    0.320    0.291     2.824    0.356    6.367 
0.711    0.531     1.326    0.045    0.418    0.283    2.941    0.353    6.608 


«  r< 

»l  •« 


Average 0.702  0.522  1.311  0.043  0.367  0.321  2.876  0.365  6.507 

Tankage 0.653  0.440  1.439  0.128  0.516  0.753  5238  0.729  9.896 

0.657  0.451  1.420  0.124  0.477  0.765  5  264  0.718  9.876 

0.667  0.430  1.390  0.132  0.492  0.729  5.213  0.739  9-782 


it 


Average 0.659    0.440    1.416    0.128    0.495    0.749    5.238    0.729    9.851 

Alfalfa  hay 0.221    0.408    0.203    0.021    0.194    0.107     1.160    0.248     2.553 

0.222    0.421    0.201    0.023    0.197    0.108     1. 153    0.266    2.593 

^i^^m^^^^am  ^m^^im^m^i^  ^^a^^m^tm^^  ^^^am^am^mm^  ^^^m^^^^^^m  ^^^^m^^^t^m  ^^m^t^^mm^^  ^^^^^iot^mm^  ^^^m^m^i^mmmm 

Average 0.222    0.415    0.202    0.019    0.196    0.108     1.157    0.257     2-573 

At  present  we  are  unable  to  explain  the  consistently  low  percentages  of 
the  nitrogen  of  feeding-stuffs  recovered  as  compared  with  the  results  ob- 
tained by  Van  Slyke  for  isolated  proteins.  This  question  is  now  being 
further  studied  in  detail.  A  study  is  also  being  made  of  the  free  amide 
and  the  free  amino  adds  of  feeding-stuffs,  with  the  object  of  determining 
to  what  extent,  if  any,  the  so-called  nonprotein  nitrogenous  substances 
affect  the  quantitative  determination  of  the  amino  adds  of  feeding-stuffs 
by  the  Van  Slyke  method. 

It  is  evident  from  the  results  given  in  the  above  tables  that  there  are 
marked  differences  in  the  amino-add  content  of  the  three  feeding-stuffs 
here  reported.  Hence,  it  is  logical  to  suppose  that  the  feeds  would  have 
a  widely  different  nutritive  value,  particularly  as  supplements  to  such 
feeds  as  com. 

The  quantitative  determination  of  the  amino  adds  of  feeding-stuffs 
together  with  the  aid  of  the  rapidly  increasing  evidence  on  the  nutritive 
functions  of  the  amino  acids  will  make  it  possible  to  extend  our  present 
knowledge  of  feeding-stuffs  along  the  following  lines: 

First,  the  results  will  make  it  possible  to  calculate  balanced  rations 
from  the  standpoint  of  their  amino-add  content  that  will  be  most  effident 
for  the  maintenance,  the  growth,  and  the  fattening  of  farm  animals. 

Second,  the  results  will  be  hdpful  in  the  interpretation  of  the  results 
of  past  and  futm-e  feeding  experiments. 

Third,  the  results  should  lead  to  a  method  of  applying  the  recent  and 
the  fast  accumulating  results,  as  to  the  nutritive  value  of  the  amino  adds, 
to  the  economic  and  nutritive  valuation  of  the  common  feeding-stuffs. 
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Fourth,  the  results  will  make  it  possible  to  plan  and  to  make  feeding 
experiments  with  farm  animals  with  the  natural  mixtures  of  proteins  as 
they  occur  in  common  feeding-stuffs,  that  will  aid  in  the  determination 
of  the  relative  efficiency  of  the  proteins  of  different  feeding-stuffs  for  the 
maintenance,  the  growth,  and  the  fattening  of  farm  animals. 

The  determination  of  the  amino  adds  of  feeding-stuffs  will  be  con- 
tinued by  this  department.  The  restdts  for  a  number  of  other  feeding- 
stuffs  will  be  published  in  the  near  future.  The  quantitative  determination 
of  the  amino  adds  of  the  roughages,  such  as  the  hays,  com  fodder,  com 
silage,  the  grasses,  the  straws,  and  the  roots  and  tubers  will  be  espedally 
valuable  and  interesting  since  as  yet  we  have  no  knowledge  of  the  nature 
of  the  proteins  of  these  feeding-stuffs. 

A  study  of  methods  for  the  separation  and  the  quantitative  estimation 
of  the  amino  adds  induded  in  the  groups  represented  by  the  amino  nitrogen 
and  the  nonamino  nitrogen  in  the  filtrate  from  the  bases  obtained  in  the 
Van  Slyke  method  has  also  been  tmdertaken  in  this  connection. 

Ukbaxa,  Ilu 
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BeaicDtaiy  Chemkal  Microsoopy.  By  ^un^B  Monion  Chamot,  Professor  of  Sanitary 
Chemistry  and  Toxicology,  Cornell  University,  xili  -h  410  pp. ;  130  figs.  New 
Tork:  John  Wiley  &  Sons,  Inc.     Price,  $3.00  net. 

Notwithstanding  the  ever-increasing  demands  on  the  analytical  chem- 
ist, the  system  of  instruction  in  many  American  institutions  has  hardly 
danged  since  the  days  of  Btmsen  and  Fresenius.  Microscopic  methods 
bave  been  quite  generally  neglected.  Most  analysts  approach  the  stage 
of  the  microscope  with  the  fright  of  an  amateur  performer  which  is  in 
striking  contrast  to  the  confident  enthusiasm  of  Professor  Chamot's 
students. 

Since,  at  best,  the  laboratory  work  in  analytical  chemistry  in  the  usual 
coBege  course  is  only  a  start  on  the  right  road  the  student  who  has  thorough 
grounding  in  several  lines  of  attack  is  at  a  great  advantage.  With  this 
equipment  he  can  be  left  to  schoolmaster  Experience  for  the  rest  of  his 
training. 

Professor  Chamot  in  his  book  has  generously  extended  to  students  out- 
side of  his  tmiversity  and  to  those  in  practical  work  the  advantages  hither- 
to enjoyed  only  by  his  students.  If  the  chemist  is  not  called  on  to  use 
the  book  in  his  college  work  he  will  at  least  find  it  useful  in  after-life. 

The  term  "Chemical  Microscopy"  as  used  in  the  title  is  particularly 
fortunate  and  is  much  to  be  preferred  to  "Micro-chemistry"  which 
wggests  that  the  phenomena  observed  under  the  microscope  are  different 
from  those  seen  with  the  naked  eye. 

Chapters  I  to  XIII  inclusive  are  devoted  to  the  microscope,  microscopic 
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accessories  and  technique.  Far  from  being  tedious  pages  culled  mostly 
from  manufacturers'  catalogs,  this  part  of  the  book  is  practical  and  con- 
cise, containing  a  vast  amount  of  accumulated  information  fotmd  else- 
where only  after  careful  search,  if  indeed  at  all.  The  directions  for  de- 
termining the  crystallographic  system,  index  of  refraction,  melting  and 
subliming  points  will  be  found  useful  to  analytical  and  synthetical  chem- 
ists alike. 

In  Chapter  XIV  are  given  the  characteristic  reactions  of  23  cations 
and  27  anions,  being  those  ordinarily  included  in  works  on  anal3rtical 
chemistry.  The  descriptions  are  detailed  and  more  distinctly  chemical 
than  in  foreign  works  on  microscopic  qualitative  analysis. 

Chapter  XV  on  the  preparation  of  opaque  objects  will  be  of  spedal 
value  to  those  undertaking  petrographic  and  metallographic  work. 

The  author  has  not  invaded  the  field  of  vegetable  and  animal  histology. 
In  a  book  of  this  character  it  is  doubtless  wise  to  avoid  morphology  of 
tissues,  but  a  short  chapter  on  the  characteristic  reactions  of  the  common 
constituents  of  plants  and  animals,  such  as  starch,  sugars,  proteins,  fats, 
tannin,  etc.,  might  prove  a  useful  addition  without  greatly  increasing  the 
size  of  the  book.  However,  the  fact  that  the  author  is  a  master  of  these 
as  well  as  inorganic  reactions  suggests  that  he  has  good  reasons  for  keep- 
ing within  the  present  bounds. 

The  clearly  written  text,  the  remarkably  well  executed  illustrations 
and  the  novelty  of  the  subject  should  prove  a  lure  to  English-speaking 
chemists  and  induce  not  a  few  to  follow  up  chemical  microscopy  as  a 
very  useful  specialty.  A.  L.  Winton. 

Modeme  Kriminalistik.     By  A.  H91XW10.      104  pp.;  illustrated.      Leipzig:  B.  G. 
Teubner.     19 14.    Price,  1.25  Mk. 

This  little  book  treats  in  a  general  way  of  the  various  methods  of 
tracing  crime  and  criminals  followed  at  the  present  time.  Among  other 
things  discussed  we  find  references  to  the  aid  which  may  be  secured  through 
chemistry  and  microscopy  in  several  classes  of  criminal  inquiries.  Aside 
from  this,  the  book  contains  nothing  of  chemical  interest. 

J.  H.  Long. 
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I.  Notes  on^Sodium  Coltimbates. 

Little  is  known  concerning  the  constitution  of  the  columbic  acids, 
hence  their  salts,  the  columbates,  are  usually  expressed  in  the  old  dualistic 
fonn.  Thus  the  general  formula  of  the  sodium  columbates  may  be 
written:  xl^B^O.yClhOi.zlliO.  If  we  are  to  accept  all  the  various  ratios 
recorded  in  the  literature,  x:y  may  vary  from  4  to  0.25.*  However, 
many  of  these  salts  were  undoubtedly  derived  from  impure  material, 
wMe  others  were  probably  nuxtures  that  happened  to  approach  atomic 
ratios.    The  present  investigation  was  restricted  to  the  7 : 6  and  i :  i  ratios. 

The  former  ratio  was  fully  established  by  Bedford,*  working  in  this 
laboratory,  and  confirmed  by  Balke  and  Smith.'  They  prepared  the 
salt  7Na40.6Cb206.3iH20  by  different  methods  which  had  already  been 
used  by  H.  Rose,  Hermann,  and  others,  but  had  failed  to  give  this  par- 
ticular salt.  The  i :  i  ratio  had  also  been  reported  by  Rose,  but  rested  on 
questionable  evidence,  as  was  pointed  out  by  Balke  and  Smith.    These 

» Abegg,  "Handbuch,"  III,  3. 
*  ITms  JouRNAi^,  37|  12 16  (1905). 
*iM.,  30, 1644(1908). 
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investigators  allowed  the  mother  liquors  from  the  7 : 6  salt  to  evaporate 
spontaneously  and  obtained  a  well-defined  salt  having  the  composition 
Na2O.Cb2O6.7H2O  (metacolumbate).  They  aho  determined  its  crystal 
habit,  which  has  been  very  helpful  in  the  present  work. 

The  simple  ratio  and  definite  crystalline  form  of  the  i :  i  salt  suggested 
its  use  for  a  redetermination  of  the  atomic  weight  of  columbium.  Be- 
fore this  was  undertaken,  however,  it  seemed  desirable  to  ascertain  whether 
this  compoimd  could  really  be  obtained  suffidentiy  ptu-e;  that  is  to  say, 
whether  it  was  liable  to  be  contaminated  by  the  7 : 6  salt,  whether  it  "was 
capable  of  recrystallization;  and  finally,  as  it  was  to  be  obtained  from 
the  mother  liquor  of  another  salt,  whether  any  definite  relation  existed 
between  these  two  salts. 

For  this  part  of  the  investigation  some  pure  potassium  oxyfluocoliunbate 
was  available  which  had  been  prepared,  in  this  laboratory,  by  W.  H. 
Chapin,  in  connection  with  his  work  on  tantalum.^  A  quantity  of  this 
salt,  dissolved  in  hot  water,  was  mixed,  in  a  large  platintun  dish,  with 
three  times  its  weight  of  pure  sodium  hydroxide  (from  sodium)  dissolved 
in  the  least  possible  amount  of  water.  This  represents  a  large  excess  of 
alkali,  but,  as  several  faiitues  indicated,  this  amount  was  practically 
necessary  for  the  end  in  view.  The  heavy,  white  precipitate,  which  was 
insoluble  in  the  excess  of  sodium  hydroxide,  was  washed  by  decantation, 
filtered  by  suction,  and  washed  with  small  quantities  of  cold  water  tmtil 
a  considerable  portion  of  the  columbate  had  been  carried  into  the  fil- 
trate; this  was  noticed  by  a  fresh  precipitate  being  formed  in  the  original 
filtrate  containing  the  excess  of  alkali.  The  washed  precipitate  was  then 
dissolved  in  boiling  water  and  allowed  to  crystallize;  this  gave  the  7:6 
sodium  columbate.  Several  preparations  of  the  salt  were  made  by  this 
method,  and  it  was  soon  noticed  that  the  yield  was  conditioned  by  the 
amotmt  of  alkali  used  and  the  thoroughness  exercised  in  washing  the 
original  precipitate.  That  is  to  say,  a  proportion  of  alkali  smaller  than 
that  indicated  above,  followed  by  a  very  thorough  washing,  would  pro- 
duce littie  or  no  7:6  salt;  whereas  a  large  excess  of  alkali  and  a  rather 
superficial  washing  would  increase  the  yield.  This  seemed  to  indicate 
that  the  formation  of  this  salt  was  facilitated  by  a  littie  free  alkaU  in 
solution.  This  view  was  also  supported  by  the  fact  that  the  crystalliza- 
tion could  be  hastened  by  the  addition  of  a  littie  sodium  hydroxide^  or 
carbonate,  to  a  solution  of  the  well-washed  precipitate.  The  significance 
of  this  circumstance  will  appear  below. 

The  7:6  salt  was  recrystallized  from  boiling  water  and  the  mother 

Uquor   combined   with   that   from   the   preceding   crystallization.    The 

combined  liquids  were  allowed  to  evaporate  spontaneously  in  a  large 

platinum   dish.    After   several  weeks,   large  and  well-defined  crystals 

^  Thesis,  Univ.  of  Penna.,  1909. 
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appeared;  they  resembled  those  obtained  by  Balke  and  Smith,  and  proved 
to  be  the  i :  i  salt. 

Analysis:  0.4719  g.  of  salt  lost  0.1292  g.  on  ignition;  0.6604  g.  of  salt  gave  0.3889  g. 
of  columbic  oxide,  and  a2046  g.  of  normal  sodium  sulfate,  or: 

Calculated.  Pound. 

Na«0 62  13.65%  1353% 

CbjOi 266.2  58.61  58.80 

7H10 126  27.74  27.59 

454-2  100.00%  99.92% 

In  analyzing  these  columbates  the  columbium  was  precipitated  from 
a  hot  solution  of  the  salt  by  the  addition  of  dilute  sulfuric  acid.  The 
filtrate  was  evaporated  to  dr3mess  and  ignited  so  as  to  form  normal  sodium 
sidfate.  Only  a  very  slight  excess  of  the  add  was  used,  otherwise  much 
columbium  was  carried  into  the  sodium  sulfate. 

Difficulty  was  encountered  in  attempting  to  recrystallize  the  i :  i  salt 
from  water;  usually  the  product  was  partly  amorphous  and  far  from  uni- 
fcnn.  Only  one  attempt  was  successftd.  In  this  instance  the  salt  was 
dissolved  in  water  of  about  65^,  the  solution  protected  from  the  carbon 
dioxide  of  the  air,  and  allowed  to  crystallize,  under  atmospheric  pressture, 
over  concentrated  sulfiuic  acid. 

Analysis  of  the  recrystallized  salt:  0.4850  g.  of  salt  lost  0.1357  g.  on  ignition;  0.5574  K- 
of  salt  gave  0.3264  g.  of  columbic  oxide,  and  0.17733  g*  of  sodium  sulfate,  or: 

Calculated.  Found. 

NatO 62  13.65%  13.58% 

CbsOt 266.2  58.61  58.56 

7HfO 126  27.74  27.98 

454.2  100.00%  100.12% 

The  following  data  may  serve  to  point  out  the  chief  differences  between 
the  7:6  and  the  i :  i  salt: 

The  7:6  salt  crystallizes  in  definite  needles  or  slender  prisms,  often 
microscopic  in  size.  It  is  difficultly  soluble  even  in  hot  water.  Upon 
ignition  it  becomes  lemon-yellow  in  color,  the  latter  deepening  with  in- 
crease of  the  temperature;  it  becomes  white  again  on  cooling.  When 
heated  it  begins  to  cake  somewhat,  but  does  not  melt,  even  at  1000°. 
The  ignited  mass  appears  to  be  insoluble  in  water,  but  part  of  its  alkali 
splits  off,  leaving  the  i :  i  salt,  according  to  the  reaction: 

7Na20.6Cb20B  :^  i2NaCb08  +  NaaO 
As  the  sodium  hydroxide  seems  to  exert  a  solvent  action  on  the  meta- 
colmnbate  produced,  this  reaction  was  not  very  sharp  when  the  mass 
was  extracted  with  water  alone.  A  somewhat  better  result  was  obtained 
by  ejrtracting  with  dilute  hydrochloric  acid.  Even  in  this  case  a  small 
amount  of  columbic  hydroxide  appeared  in  the  filtrate  upon  the  addition 
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of  ammonium  hydroxide;  it  was  neglected,  and  this  fact  probably  accounts 

for  the  low  result. 

Analysis:  1.5042  g.  of  7 :6  salt  lost  0.4124  g.  on  ignition;  another  sample  of  the  same 
salt  weighing  1.3953  Z-  was  extracted  with  dilute  hydrochloric  add;  the  residue  weighed 
1.0454  g. 

Calculated.  F*uiid. 

i2NaCbO|  (insoluble) 76.06%  74-92% 

iNajO  (soluble) 2 .39  

3iHjO 21-55  21.52 


100.00% 


The  I :  i  salt,  on  the  other  hand,  crystallizes  in  well-defined,  short, 
stout,  triclinic^  crystals  which,  under  favorable  conditions,  may  grow  to 
be  6-7  mm.  in  length.  When  allowed  to  crystallize  under  the  micro- 
scope, the  salt  makes  its  appearance  in  diamond-shaped,  or  "coflSn"- 
shaped  forms,  differing  very  distinctly  from  the  needles  of  the  former 
columbate.  It  is  much  more  soluble  than  the  7 : 6  salt.  It  carries  seven 
molecules  of  water  of  crystallization,  the  greater  part  of  which  (about 
5  molecules)  can  be  driven  off  on  the  steam  bath.  On  ignition  it  also 
becomes  yellow,  but  does  not  cake,  even  at  1000*^.  Strangely  enough 
the  crystals,  when  heated,  do  not  fall  to  a  powder,  but  merely  shrink, 
retaining  their  original  form  and  becoming  quite  hard.  -Water  has  no 
perceptible  action  upon  this  ignited  mass  and  remains  neutral  in  reaction; 
this  test  easily  distinguishes  this  salt  from  the  former. 

As  Bedford*  has  shown,  the  7 : 6  salt  can  be  thrown  out  of  solution  by 
alcohol.  It  was  thought  that  the  metacolumbate  might  be  precipitated 
in  a  similar  manner  and  thus  be  purified.  However,  when  a  solution  of 
the  I  :i  salt  was  treated  with  an  excess  of  alcohol  a  mixture  was  precipi- 
tated. When  absolute  alcohol  was  added  slowly,  with  constant  stirring, 
in  quantities  sufficient  to  ihcrease  the  original  solution  by  one- third,  a 
crystalline  precipitate  appeared  which,  under  the  microscope,  resembled 
the  7 : 6  salt.     Its  analysis  gave  the  following  results : 

0.2408  g.  of  salt  lost  0.0523  g.  on  ignition;  0.2771  g.  of  salt  gave  0.1702  g.  of  columbic 
oxide,  and  0.1063  g.  of  sodium  sulfate;  or: 

Calculated  for 

' •  Pound. 

1:1  salt.  7:6MaL  Salt  by  alcohol. 

Na,0 1365%  16.76%  16.75% 

CbjOj 58.61  61.69  61.53 

H|0 27.74  21.55  21.72 


100.00%  100.00%  100.00% 

The  dose  summation  is,  of  course,  merely  accidental.    The  result  ad- 

*  Balke  and  Smith,  loc.  cit.,  p.  1651. 
»  This  Journal,  27,  1217  (1905). 
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mits  of  no  doubt  that  alcohol  really  produced  this  peculiar  change,  which, 
in  its  simplest  form,  may  be  expressed  as  follows: 

7(Na«O.CbjO»)  =  7NajO.6Cb206  +  Cb,OB 
In  other  words,  in  addition  to  the  precipitate,  columbic  acid,  or  more  likely, 
an  add  columbate  was  probably  formed  which  was  not  precipitated  by 
a  moderate  amotmt  of  alcohol.  An  excess  of  the  latter  precipitated 
practically  everything  in  solution  and  thereby  produced  the  mixture 
refferred  to  above.  Some  other  neutral  substances,  Ukewise,  seem  to 
precipitate  the  7 : 6  salt,  the  less  soluble  compound,  from  a  solution  of  the 
meta-salt.  Thus  a  solution  of  sodium  chloride  produces  a  crystalline 
precipitate  resembling  the  7:6  salt;  its  composition,  however,  was  not 
determined. 

Prom  the  preceding  observations  it  may  safely  be  concluded  that  the 
two  sodium  columbates  discussed,  the  7 : 6  and  the  i :  i  salts,  are  mutually 
convertible,  and  that  their  relation  may  be  expressed  by  the  reversible 
reaction: 

7Nai0.6Cb805  Z^illl  6(Na«O.Cbj06)  +  NaaO 

In  water  solution  this  change  must  be  assumed  to  take  the  form  of  a 
partial  hydrolysis,  as  follows: 

7Na«0.6CbaOB  +  HjO  "^  6(Na20.Cb206)  +  2NaOH 
This  suggested  the  use  of  carbon  dioxide  for  hastening  the  reaction  to 
proceed  from  left  to  right.  When  carbon  dioxide  was  passed  through 
the  solution  of  the  7 : 6  salt  the  hydrolysis  seemed  to  go  beyond  the  i :  i 
stage.  However,  when  the  solution  was  slowly  condensed  on  the  water 
bath,  while  an  atmosphere  of  carbon  dioxide  was  maintained  above  the 
liquid,  a  good  3rield  of  the  i :  i  salt  could  be  obtained.  This  method  was 
finally  used  in  the  atomic  weight  determinations  and  will  be  mentioned 
again  in  Section  II.  It  may  be  added  that  carbon  dioxide  does  not,  at 
any  time,  produce  a  ttu-bidity  in  a  solution  of  a  piue  columbate, 
even  when  the  latter  is  exposed  to  the  gas  for  many  hoturs.  This  fact 
seems  to  prove  conclusively  that  Rose's  columbates  must  have  been  con- 
taminated by  other  elements  (probably  by  titanium  or  tantalum,  or  both), 
for  he  asserts  that  he  obtained  a  gelatinous  precipitate  by^  the  action  of 
carbon  dioxide. 

The  mother  Uquors  from  the  i :  i  salt  may  yield  still  other  columbates, 
more  add  than  those  discussed.  However,  as  the  acid  content  increases, 
the  solubility  seems  to  increase  also,  and  these  salts  are  crystallized  with 
(fifficulty.  In  one  instance  the  mother  liquor  from  the  i :  i  salt  was  allowed 
to  evaporate  spontaneously.  An  analysis  of  the  resulting  crystals  indi- 
cated a  salt  between  the  ratios  3 : 4  and  4:5.  It  may  be  interesting  to  note 
that  in  another  case  the  mother  liquor  from  the  i :  i  salt  was  evaporated  to 
*  Pou-  Ann,,  136,  367  (1869). 
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dryness,  ignited,  and  fused  with  sodium  carbonate.  A  fresh  crop  of  7:6 
salt  was  obtained,  allowed  to  remain,  as  crystals,  in  the  liquid,  and  the 
whole*  exposed  to  the  action  of  carbon  dioxide  as  explained  before.  Ex- 
cellent crystals  appeared  after  concentrating  and  cooling;  they  proved 
to  be  the  i :  i  salt.    Analvsis: 

0.54^9  S'  of  salt  lost  0.1526  g.  on  ignition;  0.4660  g.  of  salt  gave  0.2732  g.  of  coltunbic 
oxide,  and  0.1422  g.  of  sodium  sulfate;  or: 

Calculated  for  1:1  salt.  Pound. 

NaaO 13.65%  13.42% 

CbiOj 58.61  58.63 

7H1O 27.74  27.80 

100.00%  99.85% 

The  experimental  data  seem  to  prove  that  the  7 : 6  and  i :  i  sodium 
columbates  are  two  distinct  and  well-defined  salts,  and  that  they  are 
mutually  convertible.  Undoubtedly  other  ratios  do  exist.  It  seems 
reasonable  to  suppose,  however,  that  some  of  the  rather  improbable  ratios 
recorded  in  the  literature,  and  the  failure  of  some  chemists,  like  Marignac,^ 
to  obtain  any  definite  sodium  columbates,  are  to  be  attributed  to  the  sus- 
ceptibility of  these  salts  to  progressive  hydrolysis  together  with  the  in- 
fluence of  carbon  dioxide  and  free  alkali,  all  of  which  factors  might  easily 
lead  to  the  production  of  mixtures. 

II.  The  Atomic  Weight  of  Columbium. 

The  earhest  determinations  of  the  atomic  weight  of  columbium  are  due 
to  Rose,  Hermann,  and  Blomstrand;  the  values  obtained  by  these  chemists 
are,  today,  of  little  more  than  historical  interest.  The  researches  of 
Marignac  led  to  the  first  acceptable  figure,  about  94,  which  stood  un- 
challenged for  over  fifty  years.  These  earlier  determinations  need  not 
be  discussed  here.  A  brief  criticism  of  them  may  be  found  in  Abegg's 
"Handbuch;"  they  are  also  commented  upon  by  Balke  and  Smith  in 
the  paper  ''Observations  on  Columbium. "^  The  only  modem  determi- 
nation was  made  by  the  last-named  investigators;  they  obtained  an  average 
of  93-50  for  this  element. 

Balke  and  Smith  made  use  of  the  ratio  2CbCU:Cb206,  established  by 
the  hydrolysis  of  the  pentachloride.  Their  columbium  was  undoubtedly 
of  high  purity;  however,  certain  other  factors  may  have  influenced  the 
ratio.  Thus,  for  example,  the  pentachloride  is  liable  to  retain  traces  of 
oxychloride.  Furthermore,  the  residual  oxide  may  have  retained  chlorine; 
this  seems  quite  probable  from  the  recent  work  of  Sears  and  Balke'  on 
the  atomic  weight  of  tantalum  by  a  similar  method.  Both  of  these  factors 
would  tend  to  give  too  high  an  atomic  weight.     Finally,  a  slight  volatiliza- 

*  J,  Chem.  Soc,  97,  453  (1866). 

*  This  Journal,  30,  1644  (1908). 
« IMd„  37,  840  (1915). 
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tioQ  of  columbium  may  have  taken  place,  for,  according  to  Hall  and  Smith  ^ 
columbic  oxide  is  volatile  with  hydrochloric  acid  gas;  this  would  tend  to 
lower  the  atomic  weight.  If  the  latter  effect  influenced  the  ratio,  in  ad- 
dition to  the  first  two,  it  is  idle  to  conjecture  as  to  which  of  these  factors 
finally  turned  the  balance.  In  any  case,  the  value  obtained  by  this  method 
must  be  looked  upon  as  somewhat  uncertain,  and  a  new  determination 
by  an  entirely  different  method  did  not  seem  out  of  order. 

It  was  decided  to  use  sodium  metacolumbate  as  a  starting-out  material, 
(or  the  observations  recorded  in  the  first  part  of  this  paper  point  to  this 
as  the  only  sodium  salt  at  all  desirable  for  the  end  in  view.  As  Hall^ 
bad  been  able  to  decompose  native  columbates  by  means  of  sulfur  mono- 
cfaloride,  it  was  to  be  expected  that  this  reagent  would  effect  the  decompo- 
sition of  a  sodium  columbate  also,  thus  leading  to  the  ratio  NaCbOi:  NaCl. 
This  was  found  to  be  actually  the  case,  although  the  method  required 
certain  modifications.  These  will  receive  due  notice  after  a  brief  descrip- 
tion of  the  preparation  and  purification  of  the  chief  reagents  used. 

Some  crude  potassium  fiuocolumbate  was  on  hand;  it  had  originally 
been  prepared  by  Hall'  from  South  Dakota  columbite.     This  salt  was 
purified  by  methods  that  have  been  in  use  in  this  laboratory  for  some  time 
and  have  been  found  to  give  pure  columbium.*    Suffice  to  say  that  this 
double  fluoride  was  recrystaUized  five  times  from  rather    strong    (1:1) 
hydrofluoric  add  which  had  been  redistilled  for  the  purpose  from  potassium 
fluoride  and  a  little  silver  phosphate.     The  salt  was  then  converted  into 
the  oxyfluoride,  and  baked  and  recrystallized  alternately;  this  process 
was  also  repeated  five  times.     Platinum  vessels  and  centrifugal  draining 
were  used  throughout.    The  salt  was  then  decomposed  with  concentrated 
sulfuric  add  which  had  been  redistilled  from  a  retort  of  hard  glass.    The 
resulting  columbic  hydrate  was  thoroughly  washed,  first  with  water,  and 
finally  with  a  dilute  solution  of  ammonium  carbonate.    The  latter  had 
first  been  digested  with  a  little  pure  columbic  hydrate  and  filtered;  it  was 
then  used  as  indicated.     After  a  prolonged  washing  the  columbium  hy- 
droxide was  obtained  free  from  sulfates.    This  preparation  was  proved  to 
be  free  from  titanium  by  the  salicylic  acid  reaction  :^  the  absence  of  tan- 
talum had  been  estabhshed  by  the  well-known  crystallization  test.* 

Sodium  carbonate  was  purified  in  the  following  manner:  A  good  c.  p. 
grade  was  fused  with  a  little  ptu-e,  precipitated  caldiun  carbonate;  traces 
<rf  silica,  iron,  etc.,  were  thus  rendered  insoluble.  The  melt  was  disinte- 
grated with  water,  filtered,  and  treated  with  carbon  dioxide.    The  sodium 

*  IBrtic.  Am.  Phil.  Soc.,  44,  197  (1905). 

*  Thesis,  Univ.  of  Pemia.,  1904. 

*  Hall  and  Smith,  Tms  Journal,  27,  1369  (1905). 

*  Ihid.y  see  also  Balke  and  Smith,  loc.  cit. 

•J.  H. Mfiller,  Tms'jouRNAL,''33,*i5o8  (1911). 

*  Proc.  Am.  Phil.  Soc.,  44i  180  (1905);  This  Journal,  27,  1372  (1903). 
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bicarbonate  produced  was  drained  by  centrifugal  force  and  repredpitated 
twice  as  the  acid  salt;  it  was  now  ready  for  use. 

For  the  preparation  of  the  metacolumbate  the  ignited  columbic  oxide 
was  mixed  with  five  to  six  times  its  weight  of  the  sodium  bicarbonate, 
ignited  gently,  and  finally  fused.  Contrary  to  some  statements  a  per- 
fectly clear  fusion  can  be  brought  about  in  this  manner.  After  disinte- 
grating the  melt  with  water,  sodium  columbate  remained  as  a  heavy, 
white  precipitate,  insoluble  in  the  excess  of  alkali.  This  was  washed  as 
indicated  in  Section  I.  It  may  be  mentioned  that  no  trace  of  sulfuric 
acid  could  be  detected  in  this  alkaline  filtrate,  showing  that  the  columbic 
oxide  had  been  free  from  this  contamination.  The  well-washed  mass 
thus  obtained  was  crystalHzed,  in  a  large  platinum  dish,  from  boiling 
water;  this  gave  a  small  amount  of  7 : 6  salt.  The  mother  liquor  from  the 
latter  was  placed  in  a  platinum  dish  and  slowly  condensed  on  the  water 
bath.  In  the  meantime  an  atmosphere  of  carbon  dioxide  was  maintained 
above  the  liquid.  The  solution  was  stirred  frequently,  and  a  drop  removed 
from  time  to  time  and  allowed  to  crystallize  under  the  microscope.  Finally 
nothing  but  the  characteristic,  well-defined  crystals  of  the  i :  i  salt  were 
noticeable  when  the  drop  had  evaporated  almost  to  drjmess.  By  this  time 
the  solution  had  been  condensed  to  about  one-half  its  original  volume. 
The  liquid,  which  was  entirely  dear,  was  then  cooled,  inoculated  with 
a  trace  of  i :  i  salt  from  a  previous  preparation,  and  allowed  to  crystallize. 
Small  but  excellent  crystals  of  the  1:1  salt  were  obtained.  Under  the 
microscope  they  appeared  entirdy  tmiform  and  free  from  indusions  or 
alterations  of  any  sort.  The  crystals  were  washed  several  times  with 
small  quantities  of  cold  water,  being  drained  centrifugally  after  each 
washing.  They  were  finally  dried  in  air  free  from  carbon  dioxide.  Several 
attempts  were  made  to  recrystallize  this  salt  from  water,  but  with  little 
success.  The  product  always  suffered,  except  in  one  case,  from  one  defect 
or  another.  It  was  finally  decided  to  use  the  well-washed  salt  without 
recrystallizing. 

The  columbium  of  this  salt  must  have  been  of  high  purity.  It  seemed 
possible,  however,  that  the  preparation  might  be  contaminated  with 
traces  of  either  an  acid  columbate,  or  with  free  alkali,  the  latter  being 
present  as  such  or  resulting  from  a  trace  of  7 : 6  salt  on  ignition.  (See 
Section  I.)  The  presence  of  an  add  columbate  was  highly  improbable 
on  account  of  its  greater  solubility,  and  because  of  the  care  exercised  in 
crystallizing  the  salt.  That  the  amoimt  of  free  alkali,  if  present  at  all, 
must  have  been  exceedingly  small  seems  to  bfe  indicated  by  the  following 
tests:  A  powdered  and  ignited  sample  of  the  metacoltmibate,  weighing 
about  one  gram,  was  extracted  with  a  cubic  centimeter  of  hot  water; 
the  extract  had  no  effect  on  very  sensitive  Utmus  paper.  When  a  similar 
portion  was  boiled  up  with  a  small  quantity  of  water,  a  drop  of  phenol- 
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phthaldn  would  only  produce  an  extremely  faint  pink  color;  no  color  was 
noticeable  in  the  cold.  Another  sample  of  the  ignited  salt  was  extracted 
with  dilute  alcohol,  the  extract  acidified  with  hydrochloric  add  and 
evaporated  to  dryness.  When  water  was  added  and  the  liquid  tested 
with  silver  nitrate  only  a  vety  faint  opalescence  appeared.  Undoubtedly 
traces  of  the  salt  itself  dissolved  under  these  conditions,  hence  the  degree 
of  opalescence  could  not  serve  as  an  indirect  measure  for  any  free  alkali 
in  the  salt.  The  tests  seem  to  show,  however,  that  the  metacolumbate 
must  have  been  reasonably  free  from  traces  of  7: 6  salt  and  from  uncom- 
bined  alkali. 

The  sulfur  monochloride  was  prepared  by  the  action  of  dry  chlorine 
upon  dry,  molten  sulfur  contained  in  a  retort.  The  sulfur  had  been  re- 
sublimed  for  the  purpose;  the  chlorine  was  generated  by  the  action  of 
pure  hydrochloric  add  on  potassium  permanganate.  The  sulfur  mono- 
chloride  was  redistilled  twice  in  a  stream  of  carbon  dioxide.  In  every 
operation  the  apparatus  used  was  constructed  entirdy  of  glass,  with  only 
a  few  well-ground  connections. 

The  carbon  dioxide  was  generated  by  the  action  of  hydrochloric  add 
on  white  marble.  The  gas  was  passed  through  a  large  tower  containing 
beads  coated  with  moist  sodium  bicarbonate,  then  through  a  similar 
tower  charged  with  moist  silver  carbonate.  Several  wash-bottles  con- 
taining glass  beads  and  concentrated  sulftuic  add  served  to  dry  the  gas 
suffidently  for  the  purpose.  In  order  to  remove  any  possible  traces  of 
add  it  was  finally  conducted  over  fused,  granulated  potassium  car- 
bonate. 

Ordinary  distilled  water  was  used  in  washing  the  columbitun  hydroxide. 
The  water  used  in  the  subsequent  operations  had  been  distilled  from  alka- 
Ime  potassium  permanganate,  then  from  a  small  quantity  of  add  potassium 
sulphate;  the  product  was  redistilled  as  needed. 

The  method  proposed  for  the  determination  of  the  ratio  consisted 
essentially  in  heating  the  dehydrated  metacolumbate  in  the  vapor  of  sulfur 
monochloride;  columbium  was  expelled  as  chloride  or  oxychloride,  while 
sodium  chloride  remained  behind.  Since  the  air  could  not  be  removed 
completdy  from  the  apparatus  by  the  sulfur  monochloride  alone,  carbon 
dioxide  was  used  for  this  purpose,  serving,  at  the  same  time,  as  a  vehicle 
for  th*  former. 

It  was  soon  found  that  the  columbium  could  not  be  expelled  com- 
pletely from  the  coltunbate,  even  by  a  prolonged  action  of  the  sulfur 
monochloride.  The  residue  would  finally  come  to  constant  weight,  it  is 
tnie,  but  numerotis  trials  showed  that  a  portion  (amounting  to  several 
percent.)  of  the  cdumbate  always  remained  unaffected,  even  when  the 
salt  had  been  ground  to  a  fine  powder.  However,  when  the  residue  in 
the  boat  was  moistened,  with  water,  evaporated  to  dryness,  and  again 
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subjected  to  the  action  of  sulfur  monochloride  a  fre^  sublisnate  of  the 
chloride  of  columbium  would  appear. 

In  this  maimer  the  reaction  could  finally  be  carried  to  completion; 
that  is  to  say,  the  residue  would  eventually  consist  of  pure  sodium  chloride 
and  completely  dissolve  in  water.  This  seemed  to  indicate  that  the 
difficulty  was  merely  mechanical  in  nattu*e.  At  first  it  was  thought  that 
the  sodium  chloride  formed  was  possibly  raised  to  incipient  fusion  by  the 
heat  of  the  reaction,  and  that  it  thus  protected  part  of  the  columbate 
from  fmrther  action.  The  true  explanation  of  this  difficulty,  however, 
is  probably  to  be  sought  partly  in  the  molecular  magnitude  of  sulfur 
monochloride,  by  virtue  of  which  it  difiPuses  through  a  porous  mass  more 
slowly  than^  let  us  say,  hydrogen;  partly  in  the  fact  that  sodium  chloride 
has  a  lower  density,  in  other  words,  is  more  voluminous,  than  sodium 
columbate  and  thus  may  protect  the  unchanged  coltunbate  in  the  interior 
of  a  particle  much  more  effectively  than  if  the  respective  densities  were 
interchanged.  Possibly  the  carbon  dioxide  also  had  a  retarding  influence. 
However  this  may  be,  evaporation  with  water  proved  to  be  indispensable 
and  gave  results  which,  for  completeness,  left  nothing  to  be  desired. 

Evidently  an  ordinary  boat  was  unsuitable  for  this  treatment  and  for 
the  evaporation  with  water.  Several  devices  were  tried;  they  need  not 
be  described  here,  with  the  exception  of  the  one  finally  adopted.  It  gave 
entire  satisfaction,  and  is  shown  in  Fig.  i. 


A 


^  7 

The  reaction  tube  (A)  consisted  of  fused,  transparent  quartz;  it  was 
about  150  mm.  long  and  18  mm.  in  diameter.  The  quartz  tube  (g)  was 
not  ground  into  (A),  but  merely  formed  a  smooth  contact  joint.  The 
inner  tube  (d)  was  wide  enough  to  admit  a  long,  narrow  platinum  boat 
(e)  having  convex  sides  conforming  to  the  tube,  so  as  to  increase  the  capa- 
city. The  exit  from  the  reaction  tube  is  indicated  at  (/),  a  small  drcukr 
opening.  The  columbate,  roughly  dehydrated  in  a  current  of  dry  air, 
was  put  into  the  boat  (e)  and  the  dehydration  completed  in  this  apparatus. 
Carbon  dioxide  was  removed  from  all  air  used  in  dr3Hing;  this  precaution, 
however,  was  probably  superfluous.  The  quartz  reaction  tube  was  never 
heated  directly.  It  was  supported  by  a  rack  made  of  stout  "nichrome" 
ribbon  covered  with  platinum  foil  and  placed  in  another  quartz  tube  (I) 
to  which  the  beat  was  applied.  The  temperature  was  raised  gradually 
until  it  finally  reached  760-800*^;  it  was  measured  by  means  of  a  therme* 
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couple,  part  of  which  is  indicated  at  (h).  Although  the  columbate  was 
infusible,  the  crystals  directly  in  contact  with  quartz  had  a  slight  corroding 
action  on  the  latter  at  elevated  temperatures;  for  this  reason  the  platinum 
boat  was  used  in  the  dehydration.  During  the  entire  operation  a  steady 
stream  of  dry  air  entered  the  tube  through  (g).  It  has  been  said  before 
that  the  salt  gives  up  the  bulk  of  its  water  of  crystallization  at  a  rather 
low  temperature;  for  the  expulsion  of  the  last  traces  of  water,  however,  a 
temperature  of  nearly  800  **  was  found  to  be  necessary.  .  The  complete 
dehydration  required  at  least  ten  hours  of  continued  heating,  usually 
much  longer.  It  may  be  stated  that  the  completely  dehydrated  columbate 
was  remarkably  stable  toward  further  ignition.  In  one  instance  the  per- 
fectly dry  salt  was  ignited  again  for  about  ten  hours,  in  the  manner  indi- 
cated; it  varied  less  than  0.02  mg.  from  the  original  weight. 

In  each  determination  the  columbate  was  dehydrated  in  this  manner 
until  its  weight  remained  practically  constant.  When  this  had  been  ac- 
complished the  grantilar  residue  (NaCbOs)  was  allowed  to  glide  from  the 
platinum  boat  into  the  lower  compartment  of  the  quartz  tube  and  the 
boat  withdrawn;  the  exact  weight  of  the  columbate  was  then  determined, 
hence  the  weight  of  the  boat  did  not  figure  in  the  calculation.  The  sub- 
stance was  now  ready  to  be  acted  upon  by  sulftu'  monochloride. 

The  apparatus  used  for  the  decomposition  of  the  coltunbate  by  sulfur 
monochloride  is  sketched  in  Figs.  2  and  3,  with  the  exception  of  the  carbon 
dioxide  generator  and  the  drying  train.  It  was  constructed  entirely  of 
glass.  AH  ground  connections  had  been  fitted  with  great  care  as  no 
lubricant  could  be  used;  they  were  held  in  position  by  wire  clamps.  The 
diagram  needs  little  explanation.  The  apparatus  could  be  disconnected 
by  moving  the  distilling  bulb  (N)  in  the  direction  {o,p),  thereby  turning 
(0  about  the  vertical  axis  (k,l)  and  the  neck  of  the  distilling  bulb  slightly 
about  its  ground-in  tube  (p).  The  unit  {o,q,r)  could  then  be  removed  by 
turning  about  the  axis  (o,r).  After  the  introduction  of  the  quartz  tube 
with  the  weighed  anhydrous  columbate  into  the  combustion  tube  the  air 
was  displaced  by  dry  carbon  dioxide  through  (s)  and  (/).  Stilftu:  mono- 
chloride was  then  driven  into  the  tube  by  gently  heating  the  distilling 
bulb  and  admitting  carbon  dioxide  through  (w),  while  (s)  was  turned  off. 
Part  of  the  sulfur  monochloride  condensed  again  in  {o,r)  and  was  driven 
by  a  gentle  heat  into  the  combustion  tube  as  needed.  The  bulbs  (v,v,v), 
were  very  useful  in  preventing  liquid  sulfur  monochloride  from  reaching 
the  reaction  tube  and  causing  spluttering.  By  this  arrangement  the  flow, 
of  the  sulfur  monochloride  could  be  regulated  at  will.  In  the  meantime 
a  constant  stream  of  carbon  dioxide  entered  the  combustion  tube  through 
Wi  thus  preventing  the  monochloride  and  other  volatile  products  from 
"backing  up"  and  reaching  the  ground  joint  at  («;).  The  charge  was 
just  heated  sufliciently  to  drive  the  volatile  products  of  the  reaction  be- 
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yond  the  quartz  tube;  only  a  moderate  heat  was  required.  In  spite  of 
the  gas  **pocket''  at  (x)  the  reaction  proceeded  with  ease.  The  connection 
at  (r)  was  similar  to  the  one  described  in  the  dehj'^drating  apparatus. 


rc^ 
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When  the  reaction  had  become  rather  sluggish  the  supply  of  sulfur 
monocfaloride  vapor  was  cut  oS,  the  excess  of  the  latter  removed  by  carbon 
dioxide,  and  the  tube  allowed  to  cool.  The  residue  in  the  quartz  tube  was 
then  covered  with  a  little  water  containing  a  drop  of  pure  hydrochloric 
add,  the  tube  placed  in  a  suitable  test-tube  with  a  loose-fitting  lid,  the 
whole  supported  at  an  acute  angle  from  the  horizontal,  and  the  liquid 
evaporated  in  an  oven,  aX  110-120°.  At  this  temperature  no  ebuUition 
of  the  salt  solution  took  place  and,  as  several  accurate  weighings  showed, 
no  loss  of  sodium  chloride  was  occasioned  by  such  an  evaporation. 

The  dry  residue  was  then  treated  again  with  sulfur  monochloride  as 
before,  and  again  evaporated  with  water.  These  operations  were  repeated 
until  a  perfectly  clear  solution  of  soditun  chloride  was  obtained  in  the 
reaction  tube  on  the  addition  of  water.  After  that  the  dry  residue  was 
given  one  more  treatment  with  the  monochloride.  In  this  manner  the 
completeness  of  the  reaction  could  be  determined  much  better  than  by 
attempting  to  reach  constancy  in  weight,  for  at  this  stage  the  soditun 
chloride  retained  varying  traces  of  water  that  were  not  removed  during 
the  subsequent  treatment  with  sulfur  monochloride.  In  almost  all  cases 
four  evaporations  with  water  were  sufficient.  In  these  evaporations  the 
sodium  chloride  "crept"  (usually  as  far  as  the  middle  constriction)  and 
thus  exposed  the  unattacked  residue.  The  lower  end  of  the  reaction  tube 
was  corrugated,  as  indicated  in  the  sketch  at  {c),  in  order  to  help  distribute 
the  residue  and  to  prevent  it  from  forming  a  single  compact  mass;  this 
coostruction  facilitated  the  reaction  considerably. 

In  some  preliminary  experiments  the  quartz  tube  became  slightly  etched, 
particularly  when  a  fairly  high  heat  had  been  applied  to  the  combustion 
tube.  This  was  probably  due  to  the  action  of  the  finely  divided  columbate 
remaining  after  an  evaporation  with  water.  In  the  final  determinations 
only  a  gentle  heat  was  applied  and  the  difficulty  was  entirely  overcome, 
for  the  tube  showed  practically  no  variation  in  weight.  It  was  also  noticed 
that  the  presence  of  the  hydrochloric  add  in  the  water  minimized  this 
action  upon  the  quartz. 

As  sulfur  dioxide  is  probably  produced  in  the  sulfur  monochloride 
reaction  it  was  to  be  feared  that  the  residual  sodium  chloride  might  be 
contaminated  by  sulfite  or  possibly,  in  the  presence  of  a  trace  of  air,  by 
sulfate.  As  a  matter  of  fact,  an  extremely  slight  test  for  sulftuic  (or 
snlfurous)  add  was  obtained  in  two  preliminary  experiments.  It  was 
probably  due  to  a  trace  of  air  in  the  apparatus;  numerous  trials  convinced 
the  writers  that  sulfites  (or  sulfates)  are  not  normally  produced  in  this 
xeaction.  Nevertheless  a  careful  test  for  sulftuic  add  was  carried  out 
after  the  completion  of  each  determination.  None  was  found  in  the  final 
experiments.  This  test  was  made  as  follows:  To  the  residual  sodium 
diloride,  dissolved  in  water,  a  drop  of  hydrochloric  add  and  a  little  bromine 
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water  are  added.  The  solution  was  heated  to  boiling  and  tested  with 
barium  chloride;  it  was  allowed  to  stand  for  at  least  twelve  hours.  It 
may  be  added  that  the  hydrochloric  add  present  in  the  water  before 
evaporation  also  would  have  served  to  destroy  any  sulfite. 
'  When  the  reaction  in  sulfur  monochloride  had  come  to  an  end  the  sodium 
chloride  had  to  be  dried  for  the  final  weighing.  This  was  done  by  heating 
the  salt,  very  gently  at  first,  in  a  current  of,  dry  air.  The  apparatus 
already  described  under  the  dehydration  of  the  columbate  was  used  for 
this  purpose  (see  Fig.  i).  The  temperature  was  raised  gradually  to  the 
fusion  point  of  sodium  chloride;  during  this  operation  the  mouth  of  the 
quartz  tube  was  kept  much  cooler  than  the  rest.  In  this  manner  no 
volatilization  of  salt  from  the  tube  took  place.  At  least  two  or  three 
weighings  were  made  until  the  weight  of  the  sodium  chloride  had  become 
practically  constant. 

During  the  weighings  the  quartz  tube  was  enclosed  in  a  glass-stoppered 
tube  made  of  light  test-tube  glass.  In  each  case  the  weight  was  obtained 
by  comparing  the  apparatus  containing  the  substance,  by  substitution, 
with  a  counterpoise  which  was  an  exact  duplicate  of  the  former.  The 
two  weighing  bottles  containing  the  quartz  tubes  were  allowed  to  cool 
in  a  large  desiccator  and  were  stoppered  under  the  same  atmospheric 
conditions,  just  before  weighing.  A  No.  lo  Troemner  balance  was  used; 
it  was  easily  sensitive  to  0.02  mg.  The  weights  had  been  carefully  cali- 
brated by  the  substitution  method. 

All  weighings  were  reduced  to  the  vacuum  standard.  The  density 
of  the  ignited  sodium  columbate  was  determined  in  water  and  found  to 
be  4.19;  that  of  sodium  chloride  was  assumed  to  be  2.14;  the  density  of 
the  weights  was  8.4.  The  other  constants  used  are:  CI  =  35.46;  Na  = 
23.00;  O  =  16.00.    The  results  are  given  in  Table  I. 

TABtB  I. — ^Atomic  Weight  of  Columbium. 


Number 

of 
analysis. 

(«) 
Weight  of  an- 
hydrous NaCbOi 
in  vacuum. 
Grams. 

ib) 

Weight 

of  NaCl 

in  vacuum. 

Gram. 

Ratio 
a:  b. 

Atomic  weight 
oiCb. 

I 

0.36419 

0.12975 

2.80686 

93.089 

2 

O.69113 

0.24617 

2.80753 

93.128 

3 

1.04904 

0.37368 

2.80732 

93.116 

4 

1.64337 

0.585x6 

2.80841 

93.180 

5 

1.33367 

0.47487 

2.80849 

93.185 

6 

0.88051 

0.31366 

2.80721 

93.110 

7 

1.29947 

0.46289 

2.80730 

93.115 

Average*    93 .  13 

In  analyses  6  and  7  a  reoystallized  sample  of  sodium  columbate  was 
used  which  had  been  prepared  from  Chapin's  double  fluoride  and  pure 
sodium  hydroxide  (Hermann's  method;  see  Section  I).    In  view  of  the  fact 
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that  this  salt  had  been  prepared  by  a  different  method  from  a  different 
preparation  the  two  restdts  seem  to  agree  tolerably  well  with  the  average 
of  the  first  five.  In  considering  the  variation  in  the  series  it  must  be  borne 
in  mind  that  samples  i  to  5  had  not  been  recrystallized  on  account  of  the 
difficulties  previously  explained;  as  the  columbate  tends  to  hydrolyze 
in  water  solution,  apparently  little  is  to  be  gained  even  by  a  recrystalliza- 
tioo.  Although  this  circumstance  may  be  pointed  out  as  a  weakness  of 
the  method,  it  should  be  borne  in  mind  that  practically  all  columbium 
derivatives  suffer  from  similar  or  even  more  serious  defects. 

Summary. 

(i)  The  relation  existing  between  the  7:6  and  i:  i  sodium  columbates 
has  been  established;  they  have  been  shown  to  be  mutually  convertible, 
and  both  have  been  prepared  by  new  methods.  Characteristic  differ- 
ences between  these  salts  have  been  pointed  out. 

(2)  Sulfur  monochloride  has  been  used,  for  the  first  time,  directly  for 
the  determination  of  an  atomic  ratio;  its  Applicability  has  been  demon- 
strated. The  method  and  the  apparatus  devised  may  be  of  value  in  other 
work. 

(3)  The  atomic  weight  of  columbium,  as  obtained  from  the  ratio 
NaCbOj :  NaCl,  was  found  to  be  93. 13.  Although  this  figure  is  considerably 
lower  than  the  present  international  value,  93.50,  it  is  hoped  that  the 
former  will  prove  more  reliable  than  those  recorded  heretofore. 

UhiTSSSITT  OV  PSNNSyLVANIA, 
PRfI.ADBI.PBIA.  Pa. 
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Ever  since  the  discovery  of  radium  by  Mme.  Curie  and  the  annoimce- 
ments  of  its  wonderful  properties,  there  has  been  a  very  great  demand 
fe  this  element.  On  account  of  its  scientific  interest,  such  extensive 
investigations  have  been  carried  out  that  the  supply  of  raditmi  at  all  times 
has  fallen  short  of  the  demand.  The  more  recent  claim  that  it  has  thera- 
peutic value  in  the  treatment  of  such  diseases  as  cancer  has  so  greatly 
increased  the  demand,  that  the  study  of  the  radium-produdng  ores,  along 
^th  the  best  methods  of  extracting  the  radioactive  material,  has  become 
extremely  important.  In  view  of  these  facts  it  can  readily  be  seen  that 
tbe  demand  for  radium  will  be  on  the  increase,  and  that  any  research  which 
would  point  out  efficient  and  practical  methods  for  the  recovery  of  this 
element  will  be  of  both  scientific  and  practical  value. 

This  paper  presents  the  results  of  a  critical  investigation,  carried  out 
^der  the  direction  of  Pr.  Herbert  N.  McCoy,  of  vanou§  methods  of 
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treating  camotite  with  the  object  in  view  of  extracting  not  only  uranium, 
vanadium^  and  radium,  but  also  its  other  long-Uved  radioactive  con- 
stituentSi  ionitun,  radium  D,  radium  P,  and  actinium.  It  has  been  es- 
tablished by  McCoy/  Boltwood^  and  Strutt,'  that  there  is  a  constant 
ratio  between  uranium  and  radium  in  ores.  Consequently,  the  ores 
richest  in  uranium  contain  most  radium.  Among  the  most  important 
of  these  ores  are  pitchblende,  autenite,  chalcolite  and  camotite.  Of  these, 
until  recently,  pitchblende  has  been  looked  upon  as  the  best  source  of 
uranium,  the  mineral  usually  containing  from  40-90%  of  uranoso-uranic 
oxide,  UsOg.  The  great  demand  for  the  radioactive  elements,  however, 
has  nearly  exhausted  the  known  deposits  of  this  ore. 

The  main  source  of  supply  for  uranitun  at  the  present  time  is  camotite. 
It  is  a  hydrated  vanadate  of  uranium  and  potassium,^  and  usually  occurs 
as  a  canary-yellow  powder  disseminated  in  sandstone.  It  does  not  occur, 
as  a  rule,  in  a  pure  state,  but  as  a  mixture  of  minerals  containing — ^in 
addition  to  lu-anium,  vanadium  and  potassium — varying  amounts  of 
siUca  associated  with  such  elements  as  barium,  calcium,  and  iron.  The 
principal  camotite  deposits  are  those  of  Colorado  and  Utah,  where  uranitun 
ore  is  found  in  far  larger  quantity  than  in  any  other  region  in  the 
world. 

Many  of  the  commercial  methods  proposed  for  treating  uranium  ores, 
or  ores  containing  both  uranium  and  vanadium,  have  had  as  their  object 
the  extraction  of  these  elements  only,  without  reference  to  the  recovery 
of  the  radium.  In  such  cases  the  radium  has  been  lost  because  operators 
have  often  not  known  the  methods  best  suited  for  obtaining  it.  A  con- 
siderable amount  of  American  camotite  has  been  shipped  to  Europe. 
These  ores  have  been  purchased  mainly  for  their  radium  content,  and  the 
profit  has  come  largely  in  connection  with  the  extraction  of  the  radium. 
Richard  B.  Moore  and  Karl  L.  Kithil,^  in  a  preliminary  report  on  tu-anium, 
radium  and  vanadium,  and  Siegfried  Fischer,'  in  an  article  on  the  camotite 
industry,  have  discussed  quite  fully  the  principal  methods  now  in  use  for 
treating  camotite. 

There  are  two  principal  methods  of  attack:  add  processes  and  basic 
processes.  Three  of  the  former  may  be  mentioned:  Fleck's  method,  which 
consists  in  leaching  the  ore  with  dilute  sulfuric  add;  RaddifTs,^  in  whidi 
the  ore  is  fused  with  sodium  add  sulfate;  and  that  of  Moore  and  Kithil 
who  effect  a  partial  solution  by  treatment  with  boiling  nitric  or  hydro- 

*  McCoy,  Ber.,  37,  2641  (1904). 

'  Boltwood,  Nature,  70,  80  (1904);  PhU.  Mag.,  9,  599  (1905). 

*  Stnitt,  Nature,  69,  473  (1904);  Proc.  Roy.  Soc.,  {A)  76, 81,  312  (1905). 

*  Hillebrand  and  Ransome,  Am.  J.  Sci.,  10,  120  (1900). 

*  BuUeiin  70,  U.  S.  Bureau  of  Mines,  Denver  (19 13). 

*  Trans.  Amer.  Elecirochem.  Soc,  34. 
7  U,  S.  patent  No.  1,049,145  (1913)- 
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ddcxic  add.  Among  the  basic  methods,  Bleeker's^  process  consists  of 
roasting  the  ore  with  sodium  chloride  and  sodium  hydroxide;  Fischer's,* 
of  evaporating  with  caustic  soda  solution  and  roasting;  while  Ha3mes 
and  Engie'  boil  with  carbonate  of  soda. 

In  most  of  the  recent  commercial  methods  which  have  had  to  do  with 
camotite,  the  investigators  have  generally  been  satisfied  to  find  the  best 
means  of  extracting  vanadium,  uranium  and  radium,  without  regard  to 
tiie  other  radioactive  elements.  In  the  present  work,  in  addition  to  the 
above,  the  aim  has  been  to  follow  the  other  long-lived  radioactive  elements 
and  to  find  means  of  recovering  them  also. 

The  ore  used  in  these  experiments  represented  the  concentrates  from 
a  Colorado  camotite.^  It  was  in  a  very  finely  divided  form,  dark  in  color, 
and  had  been  thoroughly  mixed  in  the  process  of  concentration.  This 
concentrate  contained  approximately  6%  of  vanadium,  4%  of  uranium, 
and  4%  of  iron.  There  were  only  small  amounts  of  barium  and  lead  in 
the  ore,  the  barium  radium  sulfate  from  one  kilogram  of  camotite  weighing 
about  7  g.  The  rare  earths  were  lacking  and  very  little,  if  any,  thorium 
could  be  detected. 

The  analysis  of  the  concentrate  was  made  in  several  ways;  the  simplest 
and  most  satisfactory  method  consisted  in  boiling  5  g.  of  material  vrith 
a  large  excess  of  concentrated  nitric  pcid  for  about  an  hour,  by  which  time 
complete  decomposition  had  taken  place.  In  case  vanadium  was  to  be 
detemiined,  the  nitric  acid  was  completely  expelled  by  evaporation  to 
fames  with  an  excess  of  sulfuric  acid.  Water  was  added  and  the  whole 
boiled  for  some  time  with  a  large  excess  of  sodium  carbonate  solution  and 
filtered.  The  insoluble  residue,  consisting  of  the  carbonates  and  hydrox- 
ides of  iron,  etc.,  was  dissolved  in  hydrochloric  add  and  again  treated 
with  sodium  carbonate  solution  and  filtered,  and  this  filtrate  added  to 
the  main  filtrate.  This  solution  now  contained  all  the  uranium  and  vana- 
dium but  was  free  from  iron.  It  was  acidified,  boiled  to  expel  carbon 
dioxide,  and  made  alkaline  with  sodium  hydroxide  (free  from  carbonate). 
The  uranium  was  precipitated  as  yellow  sodium  tu-anate  while  the  vanaditun 
remained  in  solution  as  easily  soluble  sodium  vanadate.  In  case  all  the 
vanadium  was  not  present  in  the  pentavalent  form,  the  addition  of  a 
Gttk  bromine  water  to  the  alkaline  solution  completed  the  oxidation  and 
rendered  the  vanadium  readily  soluble  in  the  sodium  hydroxide,  thus 
giving  an  easy  and  complete  separation  of  the  former  from  the  uranium. 
The  precipitate  of  sodium  tu-anate  was  dissolved  in  sulfuric  acid,  reduced 

*  U.  S.  patent  No.  1,015,469  (1912). 
'  U.  S.  patent  No.  986,180  (1911). 
»XJ.  S.  patent  No.  808,839  (1905). 

*  This  material  was  furnished  by  Mr.  J.  M.  Flannery,  president  of  the  Standard 
(^iKmical  Company  of  Pittsburgh,  to  whom  I  wish  here  to  express  my  thanks  for  his 
IBoerosity. 
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with  zinc  and  titrated  with  standard  permanganate.^  The  mean  of  con- 
cordant analyses  was  4.27%  turanium.  Vanadium  was  determined  in 
the  filtrate  from  the  sodium  uranate  by  acidif3dng  with  sulfuric  add,  boiling 
to  expel  bromine,  reducing  with  sulftu"  dioxide  and  then  titrating  with 
standard  permanganate  after  freeing  the  solution  from  the  excess  of  sulfur 
dioxide.    The  average  of  the  results  gave  5.5%  vanadium. 

The  total  activity  of  this  ore  was  calculated  from  the  percentage  of 
uranium  it  contained.  According  to  the  method  used  by  McCoy,'  i  g. 
of  an  ore  containing  4.27%  of  uranium  made  into  a  very  thin  film,  should 
show  a  total  a-ray  activity  1.94  times  our  standard,  which  was  a  thick 
film  of  UsOs  of  35.41  sq.  cm.  area.  The  distribution  of  this  activity^  as 
calculated  from  the  ranges  of  the  radioactive  elements  on  the  asstunption' 
that  the  intensity  of  activity  is  proportional  to  R*'^*  (R  =  range),  gave 
the  following  results  for  100  g.  of  our  ore,  for  which  the  total  activity 
should  be  194  times  that  of  the  UsOs  standard: 

Element*  Range. 

Uranium  i 3 .  50 

Uranium  2 2. 90 

lonimn 3.00 

Radium 3.30 

Radium  Em 4.16 

* 

Raditmi  A 4.75 

Radium  C 6.94 

Radium  Pi 3.77 

Actinium  and  its  active  products ix .0 


CalcttUted 
activity  (Ra  -  1). 

Distribu- 
tion of  activity 
from  100  g..ore. 

0.831  1 
0.917  J 

36.3 

0.938 

19.5 

1. 000 

1. 170 
1.275 

5  085 

105. 5 

1.640  J 

1.090 

22.6 

Total 194.9 

The  activity  of  actinium  was  calculated  from  Boltwood's  determination 
of  the  activity  due  to  actinium  in  uranium  minerals.*  The  above  figures 
were  used  as  the  basis  for  finding  the  percentage  of  recovery  of  the  different 
radioactive  elements  in  the  experiments  carried  out  in  this  work.  In  the 
case  of  uranium,  however,  the  percentage  of  recovery  of  that  element 
was  found  directly  by  analysis,  while  with  radium  the  determination  of 
the  amotmt  of  emanation  present  gave  the  most  satisfactory  results. 
To  get  the  activity  of  radium,  the  emanation  liberated  by  fusing  samples 
of  the  material  to  be  tested  with  anhydrous  potassium  acid  sulfate  was 
collected  and  then  measured  in  an  emanation  electroscope  after  the  manner 
described  in  a  later  paragraph.  The  activity  of  polonium  was  determined 
by  depositing  it  on  copper,*  and  then  comparing  the  activity  with  that  of 

*  McCoy  and  Bunzel,  This  Journai,,  31,  367  (1909). 
«  Phil.  Mag.,  a,  176  (1906). 

*  McCoy  and  Viol,  Ibid.,  25,  357  (1913);  McCoy,  Phys.  Rev.,  i,  401  (1913). 

*  Am,  J.  Sci.,  35,  269  (1908). 

*  Marckwald,  Pkysik.  Z.,  4,  51  (1903);  Ber.,  2662  (1903). 
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the  standard  uranium  film.  In  the  case  of  ionium,  where  the  final  residue 
containing  it  was  very  small,  the  material  was  dissolved  and  thin  films, 
satisfactoiy  for  a-ray  measurement,  obtained  from  the  deposit  left  by 
evaporating  portions  of  this  solution.  The  activity  of  the  radio-lead  and 
actinium  was  determined  by  thin  films  made  in  a  manner  similar  for  those 
used  for  measuring  the  activity  of  the  original  ore,  the  final  measurements 
being  made  after  the  films  were  a  year  old. 

Since  no  single  met&od  has  yet  been  found  that  is  applicable  for  treating 
an  camotites,  it  was  thought  desirable  in  this  work  to  make  a  study  of 
some  of  the  principal  methods  already  proposed,  and  to  determine,  there- 
fore, to  what  extent  these  methods  must  be  modified  in  order  to  be  most 
effective  in  the  treatment  of  our  ore.  Accordingly,  the  following  ex- 
periments were  made: 

(a)  Extraction  of  Vanadium  with  Caustic  Soda. — ^This  method  is 
based  on  the  fact  that  a  vanadium  ore  forms  a  soluble  metavanadate  by 
treating  it  with  a  caustic  soda  solution.  Fischer,  in  a  paper  on  the  ex- 
traction of  vanadiferous  sandstone  concentrates,^  states  that  in  his  opinion 
only  methods  which  employ  a  caustic  alkali  promise  commercial  success. 
In  working  on  crude  ore,  Fischer  found  it  impossible,  by  wet  methods, 
even  by  boiling,  to  obtain  satisfactory  results  unless  he  u^ed  commercially 
prohibitive  quantities  of  alkali  in  which  case  nearly  complete  extraction 
of  vanadium  was  obtained.  Excessive  consumption  of  caustic  alkali 
was  apparently  due  to  its  action  on  the  silica  in  the  ore.  With  camotite, 
however,  he  was  able  to  get  from  87-98%  extractions  of  vanadium  with 
nmch  smaller  consumption  of  alkali,  by  treating  them  in  the  following 
manner:  The  concentrates  were  added  to  water  containing  alkali,  in  the 
proportion  of  five  parts  of  concentrates  to  one  part  of  alkali,  and  the 
whole  mixed  to  a  pasty  consistency  and  then  evaporated  to  drjmess, 
finishing  at  a  temperatiu'e  ranging  between  200°  and  300**.  This  method, 
when  applied  to  a  crude  ore,  on  the  contrary,  yielded  only  about  a  65% 
extraction  of  the  vanadium. 

The  following  are  the  results  of  my  experiments:  100  g.  of  camotite 
were  mixed  with  50  g.  of  caustic  soda  dissolved  in  200  cc.  of  water  and 
bofled  for  three  hotu-s  in  a  flask  with  a  reflux  condenser.  A  sample  of 
the  solution  then  showed  about  45%  of  the  vanadium  had  been  extracted. 
When  the  mass  was  boiled  for  six  hours  longer,  the  amount  of  vanadiimi 
extracted  had  not  increased.  Thus  it  was  evident  that  this  method 
could  not  be  used  if  the  vanadium  were  to  be  removed  completely  by 
a  single  treatment.  Fusion  with  caustic  soda  was  tried,  but  not  very 
thoroughly  investigated,  for  it  was  evident  that  with  such  a  procediu'e 
much  difficulty  in  filtering  and  washing  would  be  experienced,  because 

*  Met.  Chem.  Eng.,  xo,  469  (1912) . 
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some  of  the  siUca  in  the  ore  was  converted  into  sodium  silicate  which,  on 
acidifying,  interfered  with  subsequent  processes. 

(b)  Treatment  of  Camotite  with  Carbonate  of  Soda. — A  method 
of  extracting  uranitmi  and  vanaditmi  from  camotite  with  sodium  carbonate 
solutions  has  been  patented  by  Haynes  and  Engler.^  This  method,  as 
described  by  Moore  and  Kithil,^  involves  the  boiling  of  the  camotite  ore, 
which  has  been  crushed  to  twelve  mesh  with  an  alkaline  carbonate  sohi* 
tion  tmtil  the  uranium  and  vanadium  have  dissolv^id.  The  time  of  boil- 
ing and  the  strength  of  solution  depend  upon  the  proportion  of  the  two 
elements  present.  In  the  clear  filtrate  resulting,  the  uraxiium  is  then 
separated  from  the  vanadiiun  by  precipitating  the  former  with  sodium 
hydroxide.  This  process  in  actual  operation  with  camotite  is  said  to 
give  an  extraction  of  80%  of  uranium  and  60-65%  o^  vanadium. 

After  some  preliminary  experiments  which  seemed  to  promise  good 
results,  the  above  method,  with  modifications,  was  carefully  investigated. 
100  g.  of  camotite  were  boiled  with  reflux  condenser  for  three  hours  with 
100  g.  of  anhydrous  carbonate  of  soda  dissolved  in  250  cc.  of  water.  After 
filtering,  a  sample  of  the  filtrate  was  neutralized  with  acid,  reduced  with 
zinc  and  sulfuric  acid,  and  the  resulting  solution  titrated  with  potassitun 
permanganate.  The  solution  was  filtered  and  the  residue  treated  twice 
successively  in  a  similar  manjier  with  soda  solutions,  except  that  the 
heating  in  each  of  these  last  two  cases  was  continued  for  only  i  V2  hours. 
Analyses  of  the  solutions  showed  the  relative  extracts  to  be  approximately 
as  9  :  2  :  1/3.  A  test  on  the  third  filtrate  showed  very  little  uranium 
present.  When  these  three  solutions  were  combined  and  concentrated 
by  boiling,  a  yellow  precipitate  appeared,  which  was  foimd  on  subsequent 
analysis  to  be  soditun  turanyl  carbonate.  By  removing  this  precipitate 
and  further  concentrating  the  filtrate  it  was  possible,  on  cooling  to  low 
temperattu'es,  to  crystallize  out  a  large  part  of  the  unused  sodium  carbon- 
ate in  a  form  easy  to  wash  free  from  impurities.  When  the  insoluble 
residue  from  the  three  consecutive  treatments  with  soda  solutions  was 
boiled  with  hydrochloric  add,  the  filtrate  was  green  in  color  and  con- 
tained large  quantities  of  vanadium.  This  experiment  showed  that  two 
treatments  with  a  boiling  sodium  carbonate  solution  removed  most  of 
the  uranitmi  from  the  ore,  giving  a  solution  from  which  both  the  tu-anium 
afid  most  of  the  soda  could  be  recovered  by  simple  processes.  This 
method,  however,  had  failed  to  bring  the  vanadium  completely  into  solu- 
tion, a  result  which  is  in  accord  with  that  found  by  Haynes  and  Engler, 
as  cited  above. 

(c)  Treatment  of  Camotite  with  Carbonate  of  Soda  in  the  Presence 
of  an  Oxidizing  Agent. — Since  the  treatment  of  carnotite  with  soda  alone, 

*  U.  S.  patent  808,839  (1905). 

'  BuUeHn  70,  Bureau  of  Mines  (1913}. 
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as  described  in  (b),  had  failed  to  bring  all  the  vanadium  into  solution, 
it  was  tbonght  that  by  converting  this  element  into  its  most  highly  oxi- 
dised fonn,  its  extraction  might  be  more  complete.  In  impure  camotites 
in  which  the  vanadium  often  occurs  both  in  the  trivalent  and  pentavalent 
fonns,  it  has  been  observed  that  the  vanadium  dissolves  much  more 
readily  in  alkalinp  solvents  in  the  latter  condition.  With  these  facts  in 
BDnd,  therefore,  the  following  experiment  was  made: 

100  g.  of  camotite  were  boiled  with  reflux  condenser  for  41  hours  with 
a  concentrated  sodium  carbonate  solution.  The  heating  was  continued 
for  so  long  a  time  in  order  to  secure  maximum  extraction  by  the  soda 
akme*  Samples  of  the  solution  were  examined  from  day  to  day,  as  in 
(b),  but  no  increase  in  extraction  was  noticeable  after  the  boiling  had 
continued  26  hours.  During  the  last  six  hours  of  the  boiling,  a  current 
of  chlorine  gas  was  passed  into  the  solution  but,  on  comparing  samples 
of  the  solution  both  before  and  after  the  introduction  of  the  chlorine  gas, 
no  change  in  the  vanadium  content  was  found.  In  this  experiment 
nearly  all  of  the  uranium  was  found  in  the  soda  solution  while  a  con- 
siderable part  of  the  vanadium  was  left  in  the  insoluble  residue.  These 
facts  show  that  that  part  of  the  vanadium  not  readily  soluble  in  a  soda 
sohition  is  present  in  some  inert  form,  probably  a  silicate  such  as  roscoe- 
lite. 

(d)  Treatment  of  Camotite  witti  Hydrochloric  Add. — ^Among  the 
various  methods  of  treating  camotite  is  one  proposed  by  Moore  and 
Kitfail,^  which  consists  in  treating  the  ore  directly  with  concentrated 
nitric  or  hydrochloric  add.  Pure  camotite  dissolves  in  cold,  even  dilute 
adds.  In  the  case  of  vanadiferous  silicates  such  as  roscoelite,  Moore  and 
Kithil  state  that  they  were  able  to  decompose  such  ores  by  boiling  them 
for  an  hour  with  the  concentrated  adds.  With  the  ore  used  in  this  work, 
hydrochloric  add  did  not  seem  to  bring  the  vanadium  completely  into 
solntkm,  for  in  an  experiment  in  which  5  g.  of  the  ore  were  boiled  with 
onoentrated  add  for  intervals  of  twenty  to  thirty  minutes,  ten  or  twdve 
smcessive  treatments  were  required  to  extract  all  vanadium.  In  dealing 
mth  kilogram  lots,  where  the  ore  had  been  previously  treated  with  sodium 
onhonate  solution,  the  residue,  after  three  consecutive  treatments  with 
caioentrated  hydrochloric  add  diluted  with  three  times  its  volume  of 
vater  and  boiling  for  two  or  three  hours,  still  held  vanaditun.  Although 
Moore  and  Kithil  are  correct  in  stating  that  pure  camotite  is  readily 
sobble  in  hydrochloric  add,  the  facts  just  stated  show  that  so-called 
camotite  of  the  kind  here  studied,  the  one  which  constitutes  the  bulk  of 
the  material  available  in  America  for  technical  processes,  is  a  complex 
mixture,  not  all  of  which  is  readily  attacked  even  by  boiling  hydrochloric 
add. 

70»  Bureau  of  Mines  (1913). 
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(e)  Treatment  of  Camotite  with  Dry  Hydrogen  Chloride. — ^It  was 

shown  by  Smith  and  Hibbs^  that  sodium  pjrrovanadate  is  acted  on  by 
dry  hydrogen  chloride  between  room^  temperature  and  440^  with  the 
formation  of  common  salt  and  the  complete  elimination  of  the  vanadium 
in  volatile  form.  The  application  of  a  gentle  heat  caused  a  reddish  brown 
vapor  to  appear  which  condensed  in  the  combustion  tube  as  an  oily  liquid 
easily  taken  up  by  water.  They  explained  the  reaction,  in  this  case,  in 
the  following  way: 

I.    Na4V207  +  4HCI  =  4NaCl  +  Vj06.2H,0 

II.    V2O6.2H2O  +  6HC1  =  2VO2.3H2O.4HCI  +  CI2 

except  that  they  were  not  certain  that  the  volatile  compound  had  the  com- 
position 2VO2.3H2O.4HCI.  Ephraim,^  however,  in  working  on  the  same 
problem,  showed  that  the  volatile  compound  of  Smith  and  Hibbs  is  vajiadyl 
trichloride,  VOCli,  and  has  given  the  following  equations  in  support  of 
his  concentration: 

I.     Na^VaOT  +  4HCI  =  4NaCl  +  V2OJ.2H8O 

II.    VaOj  +  6HC1  =  2VOCI,  +  3H2O 

In  analyzing  camotite,  Hillebrand'  has  used  this  method  for  the  separa- 
tion of  vanadium.  It  was  necessary,  however,  for  him  to  oxidiase  with 
nitric  acid  any  vanadium  reduced  dtuing  the  process  and  to  repeat,  there- 
fore, the  treatment'with  dry  hydrochloric  acid  gas  before  complete  separa- 
tion could  be  efiPected. 

To  see  if  this  same  method  would  remove  the  vanadium  from  our  ore, 
the  following  experiments  were  made:  20  g.  of  camotite  were  heated 
for  one  or  two  horn's  in  a  retort  through  which  dry  hydrogen  chlmde 
was  passed.  Reddish  brown  fumes  of  vanadyl  trichloride  appeared  at 
once  and  condensed  in  the  neck  of  the  retort,  or  collected  in  the  Water  in 
the  receiver.  Dining  the  process,  the  retort  was  frequently  shaken  so 
as  to  insure  contact  of  the  gas  with  all  parts  of  the  ore.  Seemingly,  the 
method  promised  success;  but  analysis  of  the  distillate  showed  that  only 
about  20%  of  the  vanadium  had  been  removed.  On  continuing  the 
process  for  some  time  longer  with  increased  heating,  more  of  the  vanadium 
passed  over,  but  the  distillate,  at  these  higher  temperatures,  contained 
considerable  ferric  chloride.  When  tjfe  involatile  residue  was  washed 
with  water,  and  the  filtrate  treated  with  sodium  hydroxide,  a  heavy 
precipitate  of  sodium  uranate  formed,  indicating  that  dimng  the  operation 
the  uranium  had  been  brought  into  a  condition  soluble  in  water.  On 
account  of  the  appearance  of  the  iron  in  the  distillate  and  the  low  per- 
centage of  vanadium  extracted,  the  process  was  modified  as  follows: 

*  Tras  Journal,  x6,  578  (1894). 
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An  electric  furnace  was  substituted  for  the  retort  in  order  to  be  able  to 
amtrol  the  temperature.  lo  g.  of  the  dried  ore  were  placed  in  a  quartz 
tube  into  in^hich  dry  hydrogen  chloride  gas  was  passed  as  the  temperature 
was  gradually  increased.  This  tube  was  frequently  rolled  to  insure 
uniform  heating  and  mixing,  and  the  process  continued  for  the  greater 
part  of  a  day.  In  the  light  of  Hillebrand's^  observations,  i,  e,,  that  hy- 
drochloric acid  reduces  a  good  deal  of  the  vanadium  and  leaves  it  in  a 
condition  incapable  of  forming  the  volatUe  body,  some  dry  chlorine  gas 
was  conducted  through  the  tube  during  the  latter  part  of  the  period,  in 
the  hope  that  the  vanadium  would  be  kept  completely  oxidized,  and 
I  ixmsequentlyy  a  complete  extraction  be  obtained.  On  examining  the 
distillate,  however,  it  was  fotmd  that  ferric  chloride  had  again  been  car- 
I  lied  over,  and  that  not  more  than  about  40%  of  the  vanadium  had  been 
I  lemoved  from  the  ore,  even  when  the  process  had  been  continued  through- 
out the  day.  On  account  of  the  slowness  of  the  reaction  and  the  in- 
completeness of  the  extraction,  the  method  was  abandoned  as  an  im- 
practical one  for  treating  camotite  on  a  large  scale.  It  is  probable  that 
an  the  vanadium  in  the  form  of  true  camotite  is  volatile,  under  the  con- 
diticMis  of  the  experiment,  incomplete  extraction  being  due,  as  in  other 
methods,  to  the  presence  of  vanadium  sUicates. 

(/)  Treatment  of  Camotite  with  Nitric  Acid. — In  working  on  the 
new  American  ore,  to  which  they  gave  the  name  camotite,  Friedel  and 
Cumenge,^  after  having  extracted  the  vanadium  by  using  dilute  nitric 
add,  were  able  to  separate  the  vanadium  in  the  filtrate  from  other  in- 
gredients by  evaporating  the  solution  to  dryness.  Under  these  condi- 
tions, they  daim,  the  vanadium,  in  excess  of  nitric  add,  becomes  insoluble 
upon  evaporation  and  can  be  separated  quantitatively  from  uranium 
whose  nitrate  is  soluble  in  water.  Hillebrand,^  however,  in  using  this 
oiethod  of  Friedel  and  Ctunenge  on  some  complex  ores,  found  that  he 
coold  not  always  get  perfect  separation,  because  it  was  impossible  for 
him,  first,  to  prevent  a  littie  of  the  vanadium  going  into  solution  with 
the  uranium,  and,  second,  to  prevent  small  amotmts  of  the  uranium  being 
retained  with  the  vanadium. 

In  working  on  our  camotite,  it  was  not  possible  with  dilute  nitric  add 
to  get  the  vanadium  completdy  into  solution,  as  had  Friedel  and  Ctunenge. 
Beades,  when  the  filtrate  obtained  in  this  way  was  concentrated,  the 
msoluble  vanadium  predpitate  which  formed  carried  with  it  radioactive 
matter.  These  results  indicate  that  nitric  add  is  not  a  suitable  reagent 
for  the  primary  treatment  of  camotite.  Naturally  there  are  other  reasons 
vhy  the  use  of  nitric  add  would  be  avoided,  if  possible,  in  a  technical 
I«)cess. 

Mm.  J.  Sci,,  lOy  120  (1900). 

'  Chem,  News,  So,  16  (1899);  Compt,  rend.,  128,  533  (1899). 

'  Am,  J,  Sci.,  xo,  120  (1900). 


i8o6  H.  M.  PI<U|i. 

(g)  Treatment  of  Camotite  with  Stdf uric  Add. — ^A  method  of  treating^ 

camotite,  originated  by  Herman  Fleck»  which  uses  dilute  sulfuric  acid 
directly  on  the  crushed  ore,  is  said  to  have  been  employed  practically  for 
extracting  uranium  and  vanadium  from  camotite.  This  method  which 
brings  the  two  elements  mentioned  into  solution  leaves  the  radium  in  the 
residue. 

With  our  ore,  that  part  of  the  vanadium  held  in  the  residue  left  from 
a  carbonate  treatment,  such  as  described  in  (c),  could  be  removed  if 
treated  with  sulfuric  add.  In  an  experiment  on  loo  g.  of  material,  this 
extraction  was  practically  complete,  when  the  residue  mixed  with  35  cc. 
of  concentrated  add  and  115  cc.  of  water  was  heated  to  boiling  for  2V« 
hours.  The  extraction  of  vanadium  was  very  complete  when  the  ore, 
mixed  with  sulfuric  add  and  water,  was  heated  until  the  excess  of  acid 
slowly  fumed  away.  This  method,  neverthdess,  even  though  it  did  re- 
move uranium  and  vanadium  completely,  was  not  used  because  of  the 
difficulties  it  involved  ia  recovering  radium  with  any  high  degree  of 
efficiency. 

(h)  Treatment  of  Camotite  with  an  Add  in  the  Presence  of  a  Reducing 
Agent. — In  all  the  add  extractions,  except  perhaps  ia  some  stages  in 
the  nitric  acid  treatment,  the  filtrate  appeared  green  or  blue,  depending 
upon  the  degree  to  which  the  vanadium  had  been  reduced.  Add  solutions 
of  vanadium  pentoxide  are  reduced  to  vanadium  dioxide  in  the  presence 
of  sulfurous  acid,  and  by  the  evaporation  with  hydrochloric  acid.  Mag- 
nesium with  hydrochloric  add  reduces  the  pentoxide  to  vanadium  tri* 
oxide,  while  zinc  and  hydrochloric  acid  carry  the  reduction  to  vanadium 
monoxide.  Since  vanadium,  therefore,  takes  a  reduced  form  in  acid 
solutions,  it  was  thought  that  the  introduction  of  a  reducing  agent  at  the 
time  the  add  was  acting  on  the  original  ore  might,  perhaps,  increase  the 
degree  of  extraction.  Accordingly,  5  g.  of  ore  were  placed  in  each  of  t^vo 
flasks  containing  three  cc.  of  concentrated  sulfuric  acid  diluted  with  15  cc. 
of  water.  In  the  one  flask  were  added  some  pieces  of  zinc,  and  the  two 
solutions  heated  to  boiling  for  some  time,  under  the  same  conditions; 
but  when  the  filtrate  was  examined  no  increased  extraction  had  occurred 
from  the  use  of  the  reducing  agent.  Similar  experiments,  using  dilute 
sulfuric  acid  with  and  without  the  addition  of  sulfur  dioxide,  showed  no 
difference  in  the  degree  of  extraction. 

As  a  result  of  the  foregoing  experiments,  it  was  evident  that  this  camotite 
held  part  of  the  vanadium  in  a  condition  very  difficult  to  remove  by  a 
single  operation.  In  studying  some  of  the  Colorado  camotites,  Hille- 
brand^  had  found  the  vanadium  to  exist  in  the  ores  in  two  distinct  forms: 
(a)  the  one,  the  pentavalent  vanadium,  quite  easily  soluble,  and  (6)  the 
other,  a  trivalent  form,  a  vanadiferous  silicate,  extremely  difficult  to 
*  Am.  J,  Sci.,  10,  120  (1900). 
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faring  into  solution.  While  pure  camotite  dissolves  at  once  in  cold  dilute 
nitric  add,  the  vanadiferous  silicate  yields  only  to  more  powerful  attacks. 
The  ore  used  in  this  work  resembled  the  latter  closely  in  its  characteristics, 
and  after  the  series  of  preliminary  experiments,  it  was  decided  that  it 
would  be  more  advantageous  not  to  try  to  remove  the  vanadium  by  a 
single  process,  but  to  treat  the  ore  by  methods  calculated  to  recover  the 
radioactive  materials,  leaving  the  vanadium  to  be  dealt  with  wherever 
it  occurred  in  the  various  solutions.  On  the  basis  of  the  foregoing  work 
and  that  described  in  succeeding  pages,  the  following  method  was  adopted 
as  the  most  satisfactory :  The  ore  was  treated  first  with  a  boiling  solution 
of  sodium  carbonate,  then  with  hydrochloric  and  nitric  acids,  respectively, 
and  finally  with  sulfuric  acid.  The  details  of  the  complete  process,  vrith 
descriptions  and  discussions  of  how  the  different  radioactive  ingredients 
were  obtained,  are  given  below. 

Details  of  the  Method  Used  in  Treating  mogram  Lots  of  Camotite. 

Since  the  foregoing  experiments  seemed  to  indicate  that  the  treatment 
of  the  ore  with  sodium  carbonate  solution  gave  most  satisfactory  results, 
tins  method,  therefore,  was  carefully  investigated.  Various  experiments 
were  made  on  100  g.  lots  to  ascertain,  first,  what  concentration  of  sodium 
carbonate  solution  was  most  effective  and,  second,  what  conditions  of 
temperature  gave  best  results.  The  mass  of  ore  was  then  increased  to  a 
kilogram;  and  after  five  or  six  of  these  had  been  worked  over,  a  final 
kilogram  was  treated  in  the  following  manner: 

One  kilogram  of  camotite  and  400  g.  of  chemically  pure  anhydrous 
sodium  carbonate  were  mixed  with  about  two  liters  of  water  and  heated 
to  boiling  for  several  hours.  This  mixture  was  frequentiy  stirred  to 
secure  tmiform  heating,  water  being  added  as  the  mass  thickened.  While 
still  hot,  it  was  filtered  under  suction  through  a  filter  doth,  and  the  filter 
cake  washed  with  hot  water.  The  washing  was  a  slow  process,  but  at- 
tempts in  preceding  experiments  on  boiling  up  the  residue  with  water 
had  proved  that  it  made  the  mass  more  colloidal  and,  consequentiy,  more 
difficolt  to  filter.  Decantation  processes  were  also  abandoned  because 
of  the  slowness  with  which  the  mud-like  material  settied.  The  brown 
filtrate  thus  obtained  contained  most  of  the  uranium,  less  than  half  of  the 
vanadium,  and  the  unchanged  portion  of  the  sodium  carbonate.  After 
attempts  to  separate  the  uranium  from  the  carbonate  solution  by  means 
of  a  variety  of  reactions,  a  very  simple  and  effective  method  was  finally 
discovered.  It  was  fotmd  that  when  the  carbonate  solution  was  evapo- 
rated so  that  the  solution  became  nearly  saturated  with  sodium  carbonate, 
the  uranium  settied  out  as  a  beautiful,  yellow  product  easily  filtered  from 
the  hot  solution.  This  substance  which  on  analysis  proved  to  be  tu'anyl 
sodium  carbonate,  UOsC08.2Na2C08,  was  quite  heavy,  and  settied  quickly. 
To  obtain  the  maximum  recovery  of  this  compound,  the  evaporation  was 
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continued  up  to  the  point  at  which  the  sodium  carbonate  just  began  to 
crystallize  out,  and  the  hot  solution  was  filtered  at  once.  Strong  suction 
left  the  uranyl  sodium  carbonate  almost  free  from  impurities,  so  that 
very  httle,  if  any,  water  was  required  in  washing  to  give  a  relatively  pure 
product.  The  amount  of  dry  precipitate  obtained  in  this  way  from  each 
kilogram  of  camotite  concentrate  varied  from  85  to  90  g.  In  this  final 
kilogram  lot,  the  weight  of  the  uranyl  sodium  carbonate  was  88.1  g.; 
this  was  88%  of  the  total  amount  of  uranium  in  the  ore.  An  examination 
of  the  filtrate  from  the  uranyl  sodium  carbonate  precipitate  showed  it 
still  contained  2%  of  the  uranium.  When  the  residue  from  the  first 
carbonate  extraction  was  treated  again  with  300  g.  of  soditmi  carbonate 
tmder  conditions  similar  to  the  above,  the  amount  of  uranium  carried  in 
this  filtrate  was  too  small  to  be  recovered  as  uranyl  sodium  carbonate. 
On  examining  the  filtrate,  however,  the  uranium  found  was  only  2.8% 
of  the  total  amotmt  in  the  ore.  It  thus  appears  that  a  second  treatment 
with  sodium  carbonate  solution  is  an  tmnecessary  step  in  the  operation. 
The  identity  of  the  yellow  compound  referred  to  in  the  preceding  para* 
graph  was  established  by  analysis.  Some  of  the  material  was  heated 
at  125^  to  constant  weight.  The  loss,  which  amounted  to  about  1%,  was 
due  undoubtedly  to  moisture  held  mechanically.  The  residue  of  silica, 
etc.,  left  on  dissolving  some  of  the  compound  in  dilute  sulfuric  add, 
amounted  to  about  0.3%.  The  determination  of  the  turanium  was  made 
by  reducing  a  weighed  amount  of  the  yellow  body  with  zinc  and  sulfuric 
add,  and  then  titrating  with  potassium  permanganate.  Soditmi  was 
determined  by  removing  the  uranium  with  anunonium  hydroxide,  and 
then  converting  the  soditun  compound  into  the  sulfate.  This  analysis, 
as  indicated  by  the  figures  below,  proved  the  compound  to  be  uranyl 
sodium  carbonate. 

CoMPosrrioN  op  ths  Portion  Frbs  vrom. 
Rbsui^ts  op  Analysis.  Volatilb  and  Insolubls  Mattsr. 

Calctilated  for 
Per  cent.  Pound.     UOiCOt.2NaBC0i. 

Loss  on  heating  at  125° 0.98  Uranium 43-65  43-97 

Insoluble  residue 0.31  Sodium 17-07  16.96 

.  The  uranyl  sodium  carbonate  obtained  by  the  same  method  on  other 
kilogram  lots,  had  been  carefully  examined  to  see  if  any  of  the  other 
radioactive  substances  had  been  carried  along  with  the  uranitmi.  Por- 
tions  of  the  compound  were  dissolved  and  attempts  made  to  find  polonium, 
radium,  ionium  and  actinium  by  methods  described  in  later  paragraphs 
of  this  paper,  but  in  none  of  these  experiments  was  there  found  any  active 
substance  other  than  uranium.  The  solution  filtered  from  the  uranium 
carbonate  contained  a  large  excess  of  unchanged  soda  together  with  the 
sodium  vanadate.  This  solution  was  evaporated  until  it  became  saturated 
with  the  soda,  and  then  cooled  to  o^.     Sodium  carbonate  is  more  than 
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six  times  as  soluble  at  100^  as  at  o^,  so  that  large  masses  of  crystals  wei-e 
obtained  when  the  boiling  saturated  solution  was  cooled.  WitiEi  a  little 
ice  water  these  crystals  could  be  washed  nearly  free  from  the  vanadium 
which  remained  in  solution.  By  further  evaporation,  other  crops  of 
crystals  could  be  obtained,  and  in  this  way  most  of  the  uncombined  soda 
recovered.  The  sodium  carbonate  thus  obtained  could  be  used  repeatedly 
in  treating  the  original  ore  and  thereby  a  great  saving  of  that  compound 
be  realized.  As  vanadium  can  be  obtained  from  its  solutions  by  well- 
known  methods,  the  sodium  vanadate  solution  left  after  the  removal  of 
die  uranium  and  the  excess  of  sodium  carbonate,  was  studied  only  in 
90  far  as  to  find  that  none  of  the  radioactive  elements  were  present  in  it. 
After  the  original  ore  had  been  treated  with  a  solution  of  carbonate 
of  soda,  the  next  step  was  to  boil  the  residue  with  hydrochloric  add. 
In  preceding  experiments  it  had  been  fotmd  that,  if  dilute  acid  were  used 
only  in  such  quantities  as  to  break  up  the  easily  decomposed  carbonates 
and  not  in  sufficient  amounts  to  bring  into  solution  any  of  the  iron  or 
▼anadium,  the  yield  of  radium  was  not  more  than  60-65%  ^^  ^^  total 
amount  in  the  ore.  By  boiling  with  more  concentrated  add,  the  per* 
oenti^  of  raditmi  recovered  could  be  greatly  increased.  Further,  three 
consecutive  treatments  with  boiling  hydrochloric  add,  made  by  mixing 
one  volume  of  concentrated  add  with  about  three  volumes  of  water,  still 
left  radium  in  the  residue,  most  of  which  could  be  removed  by  boiling  the 
residue  with  nitric  add  diluted  with  three  or  f oiu-  times  its  volume  of  water. 
Consequently,  a  single  treatment  with  hydrochloric  add,  followed  by 
ooe  with  nitric  add,  was  found  to  be  the  most  satisfactory  method  to 
foDow.  In  accordance  with  these  results,  the  residue  left  from  the  carbon- 
ate treatment  of  the  last  kilogram  of  ore  was  boiled  with  400  cc.  of  con- 
centrated hydrochloric  add  diluted  with  two  or  three  times  its  volume 
cf  water.  The  heating  was  continued  for  about  dght  hotu^,  water  being 
added  as  it  disappeared  by  evaporaition.  The  hot  mixttu'c  was  then 
filtered  and  the  filtrate  evaporated  to  a  smaller  bulk.  This  solution  was 
then  carefully  examined  for  radioactive  dements.  Fifty  cc.  of  a  1% 
bismuth  nitrate  solution  were  added  and  completdy  predpitated  with 
hydrogen  sulfide,  the  excess  of  which  was  removed  from  the  filtrate  by 
boiling  it,  after  the  sulfides  had  been  collected  on  a  filter.  These  sulfides 
were  then  dissolved  in  concentrated  nitric  add,  sulfuric  add  was  added 
to  the  solution,  and  the  lead  was  separated  from  bismuth  by  the  customary 
analytical  methods.  The  lead  sulfate  removed  in  this  way  contained 
the  radio-lead.  The  bismuth  in  the  filtrate  was  predpitated  with  am- 
moninm  hydroxide,  and  after  filtering  and  washing  it  was  dissolved  in 
hydrodiloric  add.  It  was  in  this  solution  that  most  of  the  polonitmi 
appeared.  To  the  filtrate  from  the  sulfides,  3  or  4  cc.  of  concentrated 
sotfuric  add  were  added  which  caused  the  predpitation  of  radium  and 
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barium  as  sulfates.  Small  amounts  of  barium  chloride  were  now  added, 
and  a  second  and  third  precipitation  was  made  for  the  ptupose  of  carrying 
down  the  radium  and  actinium  more  completely,  especially  the  latter. 
The  filtrate  from  barium  sulfate  was  then  neutralized  with  ammonia 
up  to  the  point  of  precipitation  of  the  hydroxides,  5-10  g.  of  ceritun  chlo- 
ride or  nitrate  were  added,  and  the  cerium  was  precipitated  with  oxalic 
add.  This  was  a  troublesome  process,  as  it  necessitated  the  use  of  large 
amounts  of  oxalic  add  before  predpitation  of  cerium  oxalate  could  be 
brought  about.  The  activity  of  the  cerium  oxalate,  predpitated  in  this 
way,  was  much  too  little  to  account  for  all  the  ionium  and  it  was  the  lack 
of  radioactivity  at  this  point  which  led  to  the  bdief  that  the  ionium  had 
not  yet  been  removed  from  the  residue.  When  some  thoritmi  nitrate 
was  added  to  this  filtrate,  instead  of  ceritun,  and  a  predpitation  of  thorium 
oxalate  was  made  with  oxalic  add,  no  better  recovery  of  ionium  was 
obtained. 

The  residue  from  the  hydrochloric  add  extraction  was  next  treated  with 
200  cc.  of  concentrated  nitric  add  diluted  with  about  a  Uter  of  water. 
This  was  kept  at  boiling  temperature  for  a  day,  at  the  end  of  which  time 
the  mass  was  filtered.  The  resulting  filtrate  was  examined  for  radio- 
active elements  by  methods  similar  to  those  used  in  studying  the  hydro- 
cfaloric  add  filtrate,  but  none  of  these  elements  could  be  found  except 
radium.  On  the  addition  of  a  few  cc.  of  sulfuric  add  to  the  filtrate,  a 
predpitate  formed  which  showed  the  presence  of  considerable  activity. 
In  short,  nitric  acid  always  brought  into  solution  soluble  matter  con- 
taining radium,  which  hydrochloric  acid  was  incapable  of  dissolving  out 
of  the  ore. 

The  final  step  in  the  process  was  that  which  involved  the  use  of  sulfuric 
add.  The  residue  left  from  the  foregoing  extractions  was  mixed  with  twice 
its  weight  of  sulftuic  add  which  had  been  diluted  with  water  in  the  pro- 
portions of  about  five  of  add  to  four  of  water.  This  was  slowly  heated 
and  the  temperature  so  regulated  that  most  of  the  add  ftuned  away. 
If  the  heating  was  not  excessive,  on  digesting  the  resulting  mass  with  hot 
water,  the  residue  was  pture  white,  for  all  vanadium  and  iron  remaining 
in  the  ore  were  completely  removed  by  this  process.  It  was  in  this  filtrate 
that  most  of  the  ionium  was  found.  To  remove  it,  about  10  g.  of  cerium 
nitrate  were  added,  and  the  excess  of  sulfuric  add  was  neutralized  with 
ammonium  up  to  the  formation  of  a  small  amount  of  the  hydroxides. 
A  large  quantity  of  oxalic  add  was  then  added,  which  dissolved  the  slight 
hydroxide  predpitate,  and  after  some  time  predpitated  the  cerium  as 
oxalate.  This  process  was  diflftcult  to  carry  out,  for  it  seemed  impossible 
to  predpitate  the  cerium  oxalate  until  the  solution  was  almost  saturated 
with  oxalic  add.  Keeping  the  solution  well  stirred  and  rubbing  the  sides 
of  the  containing  vessel  with  a  glass  rod  aided  considerably  in  the  pre- 
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)itation.    In  order  to  recover  the  ionium  more  completely,  a  second 

rtion  of  cerimn  nitrate  was  added  to  the  solution  and  a  second  pre* 

dtation  of  cerium  oxalate  was  obtained.    The  methods  used  in  con- 

itrating  the  ionium  and  in  measuring  its  activity  are  given  later  in  the 

ml  paragraph  on  ionium. 

Radium. 

The  complete  method  of  treating  the  ore,  as  described  in  preceding 
lagraphs,  gave  a  good  recovery  of  radium,  the  greater  part  of  which 
peared  in  the  solution  obtained  from  the  hydrochloric  add  extraction. 
get  the  best  results  it  was  necessary,  however,  to  follow  the  hydro- 
oric  add  treatment  with  a  nitric  add  extraction  because  the  latter 
lays  dissolved  material  insoluble  in  hydrochloric  add,  which  still  con- 
ned about  8-io%  of  the  radium.  In  working  up  the  last  kilogram  of 
I,  the  barium  radium  sulfate  predpitate  obtained  from  the  hydrochloric 
d  filtrate  wdghed  7.36  g.  and  that  from  the  nitric  add  solution  0.45  g. 
[the  addition  of  successive  small  equivalent  amounts  of  barium  chloride 
|t  sulfuric  add,  9.30  g.  of  barium  sulfate  were  predpitated  in  the  filtrates 
the  first  predpitates  of  this  substance, 
percentage  of  recovery  of  radium  was  determined  by  comparing 
i  activity  of  the  original  ore  with  that  of  the  radium  barium  sulfate, 
[emanation  method  being  used  for  the  purpose.  To  do  this,  one-half 
of  the  original  ore,  after  being  mixed  with  5  or  6  g.  of  anhydrous 
sum  add  sulfate,  was  carefully  fused  in  a  hard  glass  test-tube  and 
made  air  tight.  After  several  days  this  mass  was  again  fused,  the 
ition  transferred  completely  to  an  emahation  dectroscope  (without 
jnse  of  water),  and  the  time  of  discharge  observed.  By  knowing  the 
interval  the  tube  was  sealed,  the  time  of  discharge  for  the  maximum 
It  of  emanation  could  be  calculated  from  the  known  rate  of  decay  and 
of  radium  emanation.  In  a  sinular  way ,  the  activity  of  the  radium 
sulfate  was  obtained,  except  that  in  this  determination  only  o.oi 50  g. 
iterial  was  used  in  each  fusion.  On  comparing  these  results,  it  was 
that  89.9%  of  the  total  radium  had  been  recovered  in  the  barium 
sulfate  predpitated  from  the  hydrochloric  and  nitric  add  solu- 
The  bariiun  sulfate  obtained  by  adding  small  amotmts  of  barium 
ie  to  the  filtrates,  as  described  above,  was  only  shghtly  active  and 
iut  2.7%  of  the  radium.  The  residue  left  after  all  extraction  pro- 
contained  only  4.2%  of  the  total  radium  contained  in  the  ore. 
ives  3.3%  of  the  raditun  unaccounted  for. 

Polonium  and  Radio-lead. 

filtrates  from  the  first  three  treatments  of  the  ore,  t.  ^.,  with  car- 
of  soda,  with  hydrochloric  add  and  with  nitric  add,  were  exam- 
polonium  and  radio-lead,  which  were  found  only  in  the  chloride 
When  the  filtrate  from  the  carbonate  extraction  was  examined 
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for  polonium  by  adding  to  it  a  little  bismuth  nitrate  and  then  precipitating 
with  hydrogen  sulfide,  no  polonium  was  found  in  the  bismuth  sulfide. 
The  stdfides,  obtained  by  treating  the  hydrochloric  add  filtrate  in  a  similar 
manner,  were  comparatively  active.  These  sulfides  were  dissolved  in 
boiling  concentrated  nitric  acid,  sulfuric  acid  was  added  to  the  solution, 
and  the  lead  was  separated  from  the  bismuth  by  the  usual  analytical 
methods.  It  was  not  necessary  in  any  of  these  experiments  to  add  any 
lead  salt  to  carry  down  the  radio-lead,  since  the  original  ore  contained 
small  quantities  of  that  element.  The  lead  sulfate  which  was  only  slightly 
active  at  first,  greatly  increased  in  radioactivity  in  the  course  of  ten 
months.  The  bismuth  and  polonium,  after  being  separated  from  the  lead, 
were  further  ptuified  by  precipitating  them  with  ammonium  hydroxide. 
This  precipitate  was  then  filtered  out  and,  after  being  dissolved  in  a  few 
drops  of  hydrochloric  add,  the  solution  was  examined  quantitativdy  for 
polonitun  by  depositing  it  on  copper.  In  the  last  kilogram  lot  the  bis- 
muth chloride  obtained,  as  described  above,  was  diluted  with  water  up 
to  250  cc,  enough  hydrochloric  add  being  added  to  keep  the  bismuth 
in  Solution.  Five  cc.  samples  of  this  solution  were  further  diluted  with 
about  the  same  volume  of  water  and  introduced  into  a  beaker  containing 
a  dean  piece  of  copper  foil,  the  under  side  of  which  had  been  covered  with 
wax.  Under  these  conditions,  the  polonium  deposited  on  the  copper, 
the  process  bdng  hastened  by  stirring  with  a  current  of  air,  so  that  in 
30  or  40  minutes  a  large  part  of  the  polonium  had  collected  on  the  copper 
foil.  In  an  experiment  which  had  nm  30  minutes,  the  fiirst  foil  was  re- 
moved and  a  second  and  a  third  were  introduced  into  the  same  solution, 
for  about  the  same  length  of  time.  The  activity  of  the  polonium  deposited 
on  these  three  foils  varied  as  11  :  2  :  1/6,  showing  that  more  than  80% 
of  the  polonitun,  in  the  5  cc.  sample,  had  deposited  on  the  first  copper 
foil  in  30  minutes.  When  the  total  polonium  activity  was  calculated, 
it  was  found  that  about  50%  of  the  amount  in  the  original  ore  had  been 
recovered  in  the  filtrate  from  the  hydrochloric  add  extraction.  When  the 
nitric  add  solution  was  treated  in  the  same  way  as  the  hydrochloric  add 
filtrate,  the  bismuth  sulfide  obtained  did  not  contain  any  polonium. 

Ionium. 

In  this  research,  great  effort  was  made  to  discover  what  course  the 
ionium  took  and  how  it  could  be  recovered  to  best  advantage.  The 
filtrate  from  each  of  the  first  three  extractions,  i.  e.,  with  soda,  with  hy- 
drochloric add*  and  with  nitric  acid — ^was  therefore  carefully  examined. 
As  this  ore  contained  only  small  quantities  of  the  rare  earths,  a  little  tho- 
rium or  cerium  salt  had  to  be  introduced  into  the  filtrate  in  order  to  get 
a  predpitate  on  the  addition  of  oxalic  add.  The  oxalates  thus  obtained 
should  have  carried  down  whatever  ionium  there  was  in  the  filtrate. 
When  the  solution  from  the  sodium  carbonate  extraction  was  examined 


RADIOACTIVE  CONSTITUBNTS  OF  CARNOTITE.  18x3 

in  this  way,  no  ionium  was  found.     Likewise  the  filtrates  from  the  hy- 
drochloric and  nitric  add  extractions  showed  but  very  little  more  activity 
than  could  be  accounted  for  by  the  thorium  added.     From  these  results 
it  was  evident  that  the  ionium  had  either  escaped  detection  or  had  not 
yet  been  removed  from  the  insoluble  siliceous  residue.     An  examination 
of  the  latter,  by  means  of  the  emanation  method,  showed  that  approxi- 
mately 95%  of  the  radium  had  already  been  removed  from  the  original 
ore.    But  the  a-ray  activity  of  the  residue,  as  measured  by  thin  films,  was 
cfmsiderably  greater  than  could  be  accredited  to  the  5%  of  radium  left 
therein.     In  order  to  remove  this  radioactive  substance,   the  residue 
was  finally  treated  with  sulfuric  acid,  as  already  described,  because  it 
was  believed  that  if  any  radioactive  matter  were  dissolved  by  this  acid, 
it  would  not  be  radiiun,  but  might  be  ionium.     Ptuther,  it  was  thought 
that  the  rare  earths  might  be  present  in  some  form  like  the  fluorides  and 
that  drastic  treatment  such  as  boiling  with  concentrated  sulfuric  add 
would  be  required  to  remove  them.    This  method  proved  successful,  for, 
when  this  mass  was  digested  with  boiling  water,  the  filtrate  not  only 
contained  all  the  vanadium  left  in  the  residue,  but  also  the  greater  part 
of  the  ionium.    When  a  small  amount  of  thorium  nitrate  was  added  to 
the  filtrate,  thus  obtained,  and  the  thorium  predpitated  as  oxalate,  it 
alwa3rs  possessed  mudi  greater  activity  than  had  been  observed  in  the 
filtrates  from  any  of  the  other  extractions.    The  ore  did. not  contain 
enov^,  if  any,  thorium  to  carry  down  the  ionium  without  the  addition 
of  thorium.    But  as  thorium  and  ionium  cannot  be  separated   by  any 
known  reaction  and  as  we  wished  finally  to  obtain  ionium  mixed  with  a 
minimmn  of  thorium,  cerium  was  added  to  the  sulfate  solution  instead. 
It  was  found  difficult,  however,  to  predpitate  cerium  oxalate  in  add 
solution  in  the  presence  of  vanadium  and  iron,  but  it  could  be  accompUshed 
by  almost  neutralizing  the  sulfuric  add  with  ammonium  hydroxide  and 
then  adding  oxalic  add  until  it  had  nearly  saturated  the  solution.    To 
9et  the  ionium  in  a  more  concentrated  condition,  the  resulting  cerium 
oxalate  was  thoroughly  shaken  with  a  solution  made  by  dissolving  40  g. 
of  dry  sodium  carbonate  and  20  g.  of  sodium  bicarbonate  in  400  cc.  of 
water,  10  cc.  of  which  were  used  for  each  gram  of  cerium  oxalate.    Under 
these  ccmditions  a  large  portion  of  the  ionium  was  dissolved  while  the 
cerium  remained  behind  as  an  insoluble  carbonate.    When  the  cerium 
carbonate  thus  obtained  was  dissolved  in  nitric  add,  the  solution  neutral- 
ized with  ammonia,  and  then  hydrogen  peroxide  added,  upon  heating 
to  70^  the  balance  of  the  thorium  and  ionium  were  predpitated.    The 
residue  carrying  the  ionium  was  very  small;  it  probably  consisted  essen- 
tially of  thorium,  which  may  have  been  contained  originally  as  an  impurity 
in  the  cerium  used.    A  test  made  on  some  of  this  material  by  means  of 
the  emanation  method  showed  not  the  slightest  trace  of  radium  and  films 
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made  from  these  ionium  residues  remained  constant  in  activity  for  ten 
months.  When  the  ionium  was  separated  from  the  last  kilogram  of  ore 
in  the  manner  just  described  and  its  activity  measured  by  the  method 
given  in  a  preceding  paragraph,  the  results  showed  the  recovery  for  this 
element  to  be  about  6i %  of  the  total  amount  calculated  for  the  original  ore. 

Actinium. 

Just  as  in  the  case  of  the  other  radioactive  elements,  the  filtrates  ob- 
tained from  treating  the  ore  in  succession  with  carbonate  of  soda,  with 
hydrochloric  acid,  and  with  nitric  add,  were  examined  for  actinium. 
As  actinium  is  said  to  occur  with  ionium  in  the  rare  earth  precipitates, 
all  the  precipitates  of  ceritun  and  thorium  oxalates  made  in  stud3dng 
ionium  were  likewise. examined  for  actiniiun,  but  there  was  no  evidence 
to  show  that  the  actiniiun  accompanied  the  ionium  in  the  course  the  latter 
took  before  being  recovered  from  this  ore.  Actiniiun,  however,  was 
found  to  be  carried  down  with  the  barium  sulfate  containing  the  radium. 
That  it  might  be  the  more  completely  recovered,  small  amounts  of  barium 
chloride  were  added  and  several  precipitations  of  the  barium  sulfate 
made  in  the  filtrates  from  the  hydrochloric  and  nitric  acid  extractions. 
These  combined  sulfates  were  then  fused  with  a  mixture  of  sodium  and 
potassium  carbonate  in  molecular  proportions,  the  barium  carbonate  was 
thoroughly  washed,  and  then  converted  into  chloride.  On  adding  am- 
monium hydroxide  to  this  solution,  a  precipitate  formed  which,  although 
but  sHghtly  active  at  first,  grew  in  activity  until  the  increase  amotmted 
to  fifteen-  or  twenty-fold,  the  rate  of  increase  being  about  that  expected 
for  actinium  initially  free  from  radioactinium  and  actinium  X.  The 
actinium,  moreover,  was  not  all  removed  from  the  baritun  in  this  way 
for,  by  adding  i  or  2  g.  of  an  aluminium  salt  to  the  radium  barium  solution 
and  then  precipitating  the  aluminium  with  ammonium  hydroxide,  a 
precipitate  was  obtained  which  also  increased  many-fold  in  activity. 
To  prevent  any  radium  from  being  held  by  the  alummium  hydroxide, 
the  latter  was  dissolved  and  reprecipitated  three  times  and  the  activity 
of  the  actinium  under  these  conditions  was  then  measured.  In  the  ex- 
periments on  the  last  kilogram  of  ore,  2  g.  of  aluminium  nitrate  were  added 
to  the  barium  solution  and  precipitated  in  the  manner  described  above. 
The  aluminium  hydroxide  thus  obtained  increased  in  activity  about 
thirty-five-fold  in  twenty-five  days.  A  second  precipitation  using  the 
same  amount  of  aluminum  nitrate  gave  a  precipitate  which,  while  not  so 
active  at  first  as  the  former  one,  increased  more  than  seventy-five-fold 
in  the  same  interval  of  time.  Prom  these  results  it  is  clear  that  the  ac- 
tinium contained  in  the  barium  radium  solution  cannot  be  separated 
completely  by  a  single  precipitation  of  aluminium  hydroxide  in  this 
solution.  The  percentage  of  actinium  found  by  the  above  treatment, 
was  52%  of  the  total  amount  as  calculated  in  a  preceding  paragraph. 
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Sommaiy. 

In  this  paper  a  careful  study  has  been  made  of  a  Colorado  camotite 
and  a  satisfactory  method  worked  out  for  the  extraction  of  the  radioactive 
ingredients.  Several  of  the  commercial  methods  now  in  use  for  removing 
vanadium  and  uranium  from  a  camotite  ore  have  been  examined  and 
modified  so  as  to  be  effective  in  treating  our  ore  which  was  found  not  to 
be  a  pure  camotite,  but  a  mixture  of  this  mineral  with  a  vanadiferous 
slicate,  containing  the  vanadium  in  a  condition  difficult  to  remove.  The 
method  finally  adopted  gives  good  results.  The  uranium  is  removed  by 
boiling  the  camotite  concentrates  with  a  sodium  carbonate  solution, 
precipitated  as  uranyl  sodium  carbonate  by  merely  concentrating  the 
filtrate,  and  the  soda  is  again  recovered.  The  radium,  actinium  and 
radio-lead  are  contained  in  the  filtrate  obtained  by  boiling  the  residue 
insoluble  in  soda  solution  with  hydrochloric  add.  That  part  of  the 
radium  still  held  in  the  residue  is  then  removed  with  boiling  nitric  add. 
Tbe  ionium  is  finally  recovered  from  the  residue  by  boiling  with  sulfuric 
add  and  is  then  concentrated  with  cerium  rather  than  with  thoritmi,  from 
which  it  caimot  be  separated  by  any  known  reaction.  A  summary  of 
the  processes  used  and  the  results  obtained  from  the  last  kilogram  of 
camotite  concentrates  is  here  given. 

One  kilogram  of  camotite  concentrates  was  boiled  for  several  hours 
with  2  liters  of  a  solution  containing  400  g.  of  anhydrous  sodium  carbonate. 
The  filtrate  yielded  88.1  g.  of  uranyl  sodium  carbonate,  U0sC0s.2NasC0s, 
which  represented  88%  of  the  total  uranium  in  the  sample.  The  filtrate 
stin  held  2%  of  the  uranitmi  in  solution.  A  second  treatment  of  the  ore 
with  300  g.  of  sodium  carbonate,  under  the  same  conditions  as  above,  dis- 
solved out  only  2.8%  of  the  uranitmi.  The  residue  was  treated  with 
400  cc.  hydrochloric  ^d  diluted  with  about  a  liter  of  water,  and  boiled 
ei^t  hours.  The  barium  raditmi  sulfate  separated  from  the  filtrate 
weighed  7.36  g.  The  residue  was  next  heated  a  day  with  200  cc.  of  nitric 
add  diluted  with  about  a  liter  of  water.  The  barium  radium  sulfate 
precipitated  in  this  filtrate  wdghed  0.453  E'  ^^^  percentage  of  radium 
in  these  combined  sulfates  was  89.8%  of  the  total  amount  in  the  ore. 
Repredpitations  of  barium  sulfate  in  the  two  acid  filtrates  carried  down 
2.7%  more  of  the  radium.  The  lead  sulfate,  separated  from  bismuth 
and  containing  the  radio-lead,  weighed  0.49  g.  The  polonitmi  precipitated 
with  bismuth  and  then  deposited  on  copper  was  50.1%  of  the  total  amoimt 
in  the  ore  as  calctdated  from  the  ranges  of  the  radioactive  dements.  The 
residue  was  finally  treated  with  twice  its  wdght  of  sulfuric  add  after 
being  diluted  with  about  an  equal  weight  of  water,  and  then  heated  imtil 
nwst  of  the  sulfuric  add  had  escaped  in  fumes.  The\activity  of  the  ionium 
found  in  this  solution  was  61%  of  the  total  amoimt  in  the  original  camotite, 
as  calculated  in  a  preceding  paragraph.    The  residue  left  after  all  ex- 
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traction  processes  weighed  507  g.,  50.7%  of  the  original  ore  used.  Its 
activity  as  measured  by  the  emanation  method  showed  that  only  4.2% 
of  the  radium  still  remained  in  the  residue. 

Chxcaoo,  III. 


[Contribution  from  thb  EIbnt  Chemical  Laboratory  of  thb  Universitt  op 

Chicago.  ] 

BINARY  AND  TERNARY  SYSTEMS  OF  THE  NITRATES  OF  THE 
ALKALI  AND  ALEIALINE  EARTH  METALS. 

By  William  D.  Hasxins  and  Gbosob  L.  Clark. 
RecdTed  May  25.  1915. 

In  view  of  the  fact  that  very  few  complete  ternary  systems  of  mixtures 
of  dry  salts  have  been  worked  out,^  the  following  investigations  of  new 
systems  were  made:  (i)  a  study  of  the  complete  system  comprising  barium, 
sodium,  and  potassium  nitrates;  (2)  a  study  of  the  eutectic  and  all  neigh- 
boring points  of  the  system,  strontium,  sodium,  and  potassium  nitrates; 
and  (3)  a  study  of  the  system  barium,  lithium  and  potassium  nitrates 
as  far  as  the  point  beyond  which  marked  decomposition  prohibited  further 
determinations.  The  work  of  Menzies  and  Dutt  on  the  system  calcium, 
sodium,  and  potassium  nitrates  has  been  utilized  for  comparison  with 
these  systems  by  means  of  the  respective  triangular  diagrams.* 

Method  of  Procedure. 

The  freezing  points  of  the  various  salt  mixtures  were  determined  by 
the  usual  method.  Weighed  amounts  of  the  dried  salts  in  the  calculated 
proportion  were  carefully  ground  together  and  then  melted  with  the  ther- 
mometer bulb  immersed.  As  soon  as  the  melts  were  perfectly  clear, 
the  temperature  was  lowered  at  the  rate  of  two  degrees  per  minute,  and 
at  the  same  time  the  temperature  was  kept  constant  through  the  mix- 
ture by  constant  stirring.  Upon  the  appearance  of  the  first  minute  crys- 
tal, the  temperature  was  carefully  noted.  Such  a  method  permitted 
several  repetitions  so  as  to  obtain  a  good  check  on  the  primary  results. 

Preparation  of  the  Salts. 

The  salts  used  were  Kahlbaimi's  "Zur  Analyze**  preparations,  with 
the  exception  of  the  lithium  nitrate  which  was  made  by  J.  T.  Baker. 
Preliminary  examinations  of  the  purity  of  the  salts  made  it  dear  that 
nothing  was  to  be  gained  by  recrystallization,  except  that  it  was  found 
necessary  to  recrystallize  the  lithium  nitrate  from  nitric  add  solution 
because  the  original  salt  gave  a  basic  reaction  with  rosolic  add. 

'  The  followixLg  are  the  ternary  systems  which  have  been  completely  investigated: 
The  system  Ca(N0s)2,  KNO»  and  NaNO»  by  Menzies  and  Dutt,  This  Journal,  31, 
1366  (1909).  The  system  LiNOi,  KNOa  and  NaNOs  by  Carveth,  /.  Fhys.  Chem.,  2, 
206  (1898).  The  system  AIsOb,  SiOi  and  CaO  in  the  Geophysical  Laboratory,  Wash- 
ington»  D.  C,  by  Rankin  and  Wright,  Am.  J.  Sci.,  39,  1-79  (1915). 

•  Roozeboom,  Z.  physik.  Chem.,  15,  143  (1894);  Bancroft,  J.  Phys.  Chem.,  24,  441. 
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In  this  work  it  was  essential  that  the  salt  should  be  careftiUy  dried. 
A  test  of  the  effect  of  the  presence  of  water  upon  the  melting  point  of  ptu-e 
sodium  nitrate  showed  that  0.231  g.  of  water  produced  a  lowering^  of 
0.8°  when  present  in  40  g.  of  perfectly  dried  salt.  All  of  the  salts  were 
finely  ground  and  dried  in  an  electric  oven  through  which  a  constant 
stream  of  pure,  dry  air  was  passed.  The  air  was  conducted  through 
three  wash-bottles  of  sulfuric  add,  a  soda  lime  tube,  through  absorbent 
cotton,  and  finally  through  a  long  tube  containing  a  mixture  of  P2O6 
and  glass  beads. 

Barium,  potassium,  and  sodium  nitrates  presented  no  difficulties  and 
were  dried  at  140^.  In  the  cases  of  the  strontium  and  lithium  salts, 
hovrever,  gentle  desiccation  was  first  necessary  before  the  final  heating. 
From  24-48  hrs.,  drying  was  necessary  to  obtain  a  sufficiently  dry  salt. 

The  components  of  the  mixtures  to  be  examined  were  weighed  out  to 
a  thousandth  of  a  gram  and  then  intimately  ground  together.  In  the 
cases  where  lithium  or  strontium  nitrates  were  present,  this  process  was 
carried  out  in  an  air-tight  box  in  which  calcium  chloride  and  sulfuric  acid 
were  used  for  drying,  and  in  the  side  of  this  box  were  two  openings  into 
which  two  rubber  gloves  were  tightly  fitted. 

The  Apparatus  Used. 

The  heating  bath  used  was  similar  to  that  used  by  Menzies  and  Dutt, 
but  with  some  added  refinements.  A  thick,  hollow  cylinder  of  concrete 
foraied  the  base  upon  which  a  porcelain  tower  could  rest.  It  was  ar- 
ranged in  this  way  so  that  the  flame  of  the  Meker  btuner  on  the  inside 
conld  be  used  at  its  most  effective  point.  Resting  on  top  of  the  tower 
and  supported  upon  it  by  wire  gauze  was  an  iron  cylinder,  five  inches  high 
and  three  inches  in  diameter,  in  which  was  fitted  a  small  circular  shelf 
of  asbestos  board,  as  the  base  for  the  support  of  an  ordinary  lamp  chimney. 
The  test-tubes  containing  the  salts  were  supported  inside  this  by  means 
of  an  asbestos  rack  with  dose-fitting  holes.  For  the  mixtures  melting 
bebw  300^  ordinary  soft  glass  tubes,  1.5  X  16  cm.,  were  used,  except 
when  lithium  nitrate  was  used.  Owing  to  its  etching  effect  upon  sodiiun 
^ass,  hard  glass  tubes  of  the  same  size  were  substituted.  For  the  higher 
temperature  measurements,  Jena  test-tubes,  i .  75  X  20  cm.,  were  used 
and  found  satisfactory  even  at  600^  when  not  in  direct  contact  with  the 
flame.  A  correspondingly  large  amount  of  salt  was  taken  in  these  larger 
tnbes. 

In  order  to  give  uniform  heating  from  the  sides  rather  than  from  the 
bottom,  a  shield  was  placed  between  the  flame  and  the  test-tube.    This 

A/f.p.  •=  — z— ^'  r; — TTT/ 

hr      Ni  -f-  Nf/ 

is  kss  tiian  this  experimental  value  if  3690  calories  are  taken  as  the  value  for  the  latent 
heat  of  fusion  as  given  by  Goodwin  and  Kalmus,  Phys.  Rev.,  36,  i  (1908). 
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consisted  of  a  raised  day  triangle  covered  with  iron,  which  also  rested 
on  the  asbestos  shelf  inside  the  lamp  chimney.  The  stirring  rod  was 
circular  at  the  bottom  so  as  to  loosely  circle  the  thermometer.  For  tem- 
peratures above  500°,  insulation  with  asbestos  paper  inside  and  outside 
the  chimney  was  fotmd  advisable,  leaving  only  space  enough  to  observe 
the  formation  of  crystals. 

Methods  of  Temperature  Measurement. 

For  temperatiures  below  250°,  a  small  Gerhardt  mercury  thermometer 
was  employed,  and  for  those  from  250-350°  a  nitrogen-filled  mercury 
thermometer.  These  were  calibrated,  immersed  always  to  the  same  re- 
spective levels,  against  a  platinum  resistance  thermometer  of  quartz 
with  gold  leads  for  every  5°,  in  a  mechanically  stirred  crisco  bath.  This 
was  4one  several  times  and  the  corrections  appUed.  Some  measurements 
were  repeated,  using  the  resistance  thermometer  itself  and  a  good  check 
thus  estabhshed.  For  temperatures  much  above  350*,  the  nitrogen- 
filled  thermometer  proved  imsatisfactory  in  spite  of  efforts  to  keep  it  in 
close  calibration,  so  a  resistance  thermometer  was  used  for  all  tempera- 
tures above  350 **.  In  order  to  protect  the  fragile  platinmn  coil  from 
the  action  of  the  nitrates,  the  end  was  covered  with  a  case  of  platinum 
foil,  brazed  with  gold.  The  resistance  was  determined  by  a  galvanometer 
and  a  Wolff  box-bridge,  which  was  kept  at  a  temperature  of  approxi- 
mately 20°.  Corrections  were  made  for  the  resistance  of  the  copper 
leads  and  the  temperature  determined  by  means  of  the  CaUendar  differ- 
ence formula.  Nothing  was  to  be  desired  in  the  accuracy  of  the  ther- 
mometer in  every  measurement  taken  with  it.  Consequently  595.53^ 
should  constitute  a  value  for  the  freezing  point  of  barium  nitrate  very 
dose  to  the  true  one. 

(z)  The  System  Bariumi  Sodium  and  Potassium  Nitrates. 

Eighty-one  mixtures  corresponding  to  the  points  on  the  triangle  shown 
on  Fig.  I  were  examined  in  this  system.  The  three  comers  represent 
each  of  the  ptu'e  components,  the  three  sides,  the  three  binary  systems, 
and  all  points  within  the  triangle  belong  to  the  ternary  system.  The 
sum  of  the  percentages,  which  are  all  equivalent  rather  than  weight,  is 
always  100.  Points  on  the  intersections,  i  to  66,  have  percentages  of  10 
and  its  multiples,  while  points  67  to  81  all  lie  below  a  barium  nitrate 
concentration  of  10%  and  surround  the  eutectic  (No.  75).  Such  a  tri- 
angle, consequently,  shows  at  a  glance  exactly  the  composition  of  all  mix- 
tures studied. 

For  the  temperatures  below  350**  about  20  g.  of  salt  were  used,  and  for 
the  larger  test-tubes  and  longer  bulb  of  the  resistance  thermometer  above 
350®,  about  30  g.  Table  I  shows  the  freezing  point  corresponding  to  each 
point  represented  on  the  triangle  with  the  equivalent  percentages  and 
the  actual  weights  of  each  of  the  components. 
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Table  I. 


No.  NaN(X  ^0». 

1 100  o 

2 90  10 

3 80  20 

4 70  30 

5 60  40 

6 50  50 

7 40  60 

8 30  70 

9 20  80 

10 10  90 

II o  100 

12 90  o 

13 80  10 

14 70  20 

15 60  30 

16 50  40 

17 40  50 

18 30  60 

19 20  70 

20 10  80 


lai3^S)t. 


Wt.  of 
Ba(KOi)t.  NaNOi. 


O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

10 

10 

10 

10 

10 

10 

zo 

10 

10 


20 

18 
16 

12 

10 
8 
6 

4 

2 

o 
27 
16 

14 
12 

10 

8 

6 

4 

2 


Wt.  of 
KNOi. 

O 

2.38 

4.76 

7   14 

9.51 

11.89 

14.27 
16.63 
19.01 
21.39 
23.78 

o 

2.38 
4.76 
7.14 

9.51 

11.89 

14.27 

16.63 
19.01 


lyKn  1 


wt.or 

Ba(NOi)i. 
O 
O 
O 
O 

o 
o 
o 
o 
o 
o 
o 
4.60 

3.07 
3.07 
3.07 
3.07 
3.07 
3.07 
3.07 
307 


point. 

314. 1 
290.9 

274.1 

253. » 

235.2 

222.4 

233.8 

257.5 
287.3 

313.7 
346.3 

296.6 
285.0 

273.9 
269.4- 
257.5 

244.9" 
235.2 
260. o> 
288.1 
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Eq.  % 

No.  NaNOi. 

21 O 

22.. 80 

23 70 

24 60 

2$ 50 

26 40 

27 30 

28 70 

29 10 

30 O 

31 70 

32 60 

33 50 

34 40 

35 30 

36 20 

37 "> 

38 o 

39 60 

40 50 

41 40 

42 30 

43 20 

44 10 

45 o 

46 50 

47 40 

48 30 

49 20 

50 10 

51 o 

52 40 

53 30 

54 20 

55 10 

56 o 

57 30 

58 20 

59 10 

60 o 

61 20 

62 10 

63 o 

64 10 

65 o 

66 o 

67 55 

68 50 

69 49 


Tablb  I  (cofUinued). 

Eq.  %   Eq.  %   Wt.  of 
KNOs.  Ba(NOi)s.  NaNOi. 


90 

O 

10 

20 

30 
40 

50 
60 
70 
80 

o 
10 
20 

30 
40 
50 
60 
70 

o 
10 
20 

30 
40 
50 
60 

o 
10 
20 

30 
40 

50 

o 
10 
20 

30 
40 

o 
10 
20 

30 

o 
10 
20 

o 
10 

o 

40 

45 
46 


10 
20 
20 
20 
20 
20 
20 
20 
20 
20 
30 
30 
30 
30 

30 
30 
30 
30 
40 
40 

40 
40 

40 
40 
40 
50 
50 
50 
50 
50 
50 
60 
60 
60 
60 
60 
70 
70 
70 
70 
80 
80 
80 
90 
90 
100 

5 
5 
5 


o 

24 

14 
12 

10 

8 

6 

4 

2 

o 
21 
12 
10 

8 

6 

4 

2 

o 
18 

15 
12 

9 
6 

3 
o 

15 
12 

9 
6 

3 

o 

12 

9 
6 

3 
o 

9 
6 

3 
o 

6 

3 
o 

3 
o 

o 

II 

10 

9.8 


wt.  of 
KNOs. 

21.39 
O 

2.38 
4.76 

7.14 

9.51 

11.89 

14.27 
16.63 

19.01 

o 

2.38 
4.76 

7.14 

9.51 

11.89 

14.27 
16.63 
o 

3.57 
7.14 

10.71 
[4.28 

17.85 
14.27 

o 

3.57 
7.14 

10.71 
14.28 
11.89 
o 

3.57 
7.14 

10.71 

9-51 
o 

3.57 

7.14 
10.71 

o 

3-57 
7.14 


o 

3 
o 

9 


57 


51 


10.70 
10.94 


Wt.  of 
Ba(NOi)i. 

3.07 

9.20 

6.14 

6.14 

6.14 

6.14 

6.14 

6.14 

6.14 

6.14 

13.80 

9.21 

9.21 

9.21 

9.21 

9.21 

9.21 

9.21 

18.40 

18.40 

18.40 

18.40 

18.40 

18.40 

12.28 

23.00 

23.00 

23.00 

23.00 

23.00 

15.35 
27.60 

27.60 
27.60 
27.60 
18.42 
32.20 
32.20 
32.20 
32.20 
36.80 
36.80 
36.80 
41.40 
41.40 
46.05 
1.53 
1.53 
1.53 


Preezinc 
point. 

333.8 
358.3 
341.3 
334.9 
327.2 
319.8 

310.7 
300.9 
290.9 
311. 9 

396.51 
384.1 

380.1 

371.2 

364.9 
353-3 
345.8 

350.0 

435.31 
429.44 

424.72 
422.85 
4TO.61 
390-20 
380.05 
462.98 
431.88 

453 .  72 
448.67 

441.87 

433.95 
484.20 

483.02 

484.20 

476.40 

474-31 
492.64 

489.21 

492.04 

493.87 
501.69 

494 . 18 
495 .  32 
529.65 
514.42 

595.53 
225.2 
217. 1 
216.5 
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Tabls  I  (concluded). 


No. 

70. 
71. 
72. 

73- 
74- 
75. 
76. 
77. 
78- 

79- 
80. 
81. 


N^N^^ 

Eq.  %      Bq.  % 
ENOt.  Bii(NOi)s. 

Wt.of 
NaNOi. 

Wt.of 
KNOfe. 

Wt.  of 
B«(NO>)t. 

Preesinff 
point. 

48 

47 

5 

9.6 

II. 18 

1.53 

216.0 

4S 

48 

4 

9.6 

II. 41 

23 

217.2 

47 

48 

5 

9-4 

11.41 

53 

215.5 

46 

49 

5 

9.2 

11.65 

53 

214.9 

45 

49 

6 

9 

11.65 

84 

217.8 

45 

50 

5 

9 

11.89 

53 

214. 1 

46 

50 

4 

9.2 

11.89 

23 

218.4 

45 

51 

4 

9 

12.13 

23 

220.4 

44 

53 

3 

8.8 

12.60 

0 

92 

225.5 

44 

51 

5 

8.8 

12.13 

53 

215.5 

40 

55 

5 

8 

13.08 

.53 

217.9 

35 

60 

5 

7 

14.27 

■53 

229.0 

DecompositiQii  was  not  apparent  in  any  of  the  melts  until  a  barium 
nitrate  concentration  of  80%  was  reached.  In  these  cases  a  slight  evolu- 
tion of  oxygen  began,  if  the  salt  was  heated  too  far  above  tfie  freezing 
point.  By  working  rapidly,  however,  and  by  careful  heating,  any  error 
produced  by  the  formation  of  nitrites  was  reduced  to  a  minimtmi.  When 
heated  for  some  time  these  mixtures  became  yellow  in  color,  showing  that 
€ven  the  nitrites  break  down  with  sustained  heat.^ 


fiyun  £ 


*  J.  Lang,  Pogg.  Ann,,  118,  282. 
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As  each  melting  point  was  determined,  it  was  noted  down  on  a  triangu- 
lar figure  upon  the  point  of  its  corresponding  percentage  composition. 
Such  an  arrangement  is  shown  in  Fig.  2.  The  temperatures  for  all  points 
are  recorded;  except  for  numbers  67  to  74  and  76  to  80,  all  of  which  are 
in  the  neighborhood  of  the  eutectic.  In  this  figure  the  temperattue  is 
variable  in  the  plane  perpendicular  to  the  surface  of  the  page  and  should 
it  actually  be  represented,  a  solid  figure  would  result  whose  upper  surface 
with  its  highest  point  at  595.53°  and  lowest  at  214.  i**  would  represent 

the  true  elevation 
of  all  temperatures. 
Such  a  condition 
is  represented  on 
a  single  plane,  of 
cotu-se,  by  isother- 
mal lines.  In  order 
to  make  the  rela- 
tion of  these  lines 
simpler,  vertical 
sections  were  plot- 
ted as  in  Figs.  3,  4, 
and  5.  In  Fig.  3 
the  curves,  drawn 
directly  from  the 
triangle,  show  in 
series  points  i  to 
II,  12  to  21,  22  to 
30,  31  to  38,  39  to 
45,  and  46  to  51 
with  a  fixed  per- 
centage of  barium 
nitrate  in  each  case. 
Similarly,  Figs.  4 
and  5  show  the  sec- 
tions from  the  basis  of  the  other  two  sides  of  the  triangle  along  the  lines 
parallel  to  those  sides.  Simple  measurements  upon  these  curves  make  it 
possible  to  find  the  equivalent  percentages  corresponding  to  temperatures 
in  round  numbers  at  intervals  of  10°,  and  above  500°,  of  50°.  Points 
corresponding  to  the  same  temperatiu-es  are  connected  by  a  smooth  line, 
and  the  complete  liquidus  surface  contour  diagram  results  which  is  shown 
in  Fig.  6. 

As  has  already  been  intimated,  the  work  of  others  has  been  repeated 
in  some  cases.  The  melting  p6ints  of  sodium  and  potassium  nitrates 
and  points  on  the  binary  curve  of  the  two  have  been  determined  many 
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times.'  The  results  of  Menzies  and  Dutt  were  found  to  be  in  good  ac- 
cord wttb  the  new  results,  although  314.1"  as  a  value  for  the  freezing 
pmnt  of  sodium  nitrate,  as  « 
determined  by  the  writers,  is 
a  d^ree  lower  than  obtained 
by  them,  and  likewise  a  dif-  ' 
foence  of  5 . 7  "  for  a  mixture  m 
of  50  equivalents  each  of 
NaNO.  and  KNO,  is  found. 
The  lower  part  of  the  curve 
obtained  by  the  writers  is  in  « 
better  ^;reement  with  the 
measurements  of  Carveth.* 

Fot  the  melting  point  of 
barium  nitrate,  593'  was 
found  by  Camelley*  and  by 
Ijt  Chatelier,  *  in  both  cases  in- 
directly. By  direct  measure- 
ment the  writers  found 
595  ■  53  "■  No  record  of  work 
upon  any  ternary  mixture  of 
barium,  potassium  and  so- 
dium salts  could  be  discov- 
ered. Maumen^'found  alack 
of  decompodtion  in  mixtures 
of  equal  amounts  of  ICNO* 
aod  Ba(NOi),  and  of  NaNOt 
and  Ba(NOi)t.  The  eutectic 
of  the  former  was  determined  l. 
by  Guthrie*  to  be  278.5°  with  ""'' 
^9-53%  of  Ba(NO»)i  by  weight.  Although  not  determined  exactly  in 
this  work,  the  curve  would  show  a  value  approximately  1 5 "  higher. 

(1)  The  System  Stroatium,  Sodium  and  Potassium  Nitrates. 
With  the  eutectic  point  of  the  system  just  studied  as  a  guide,  the  melt- 
ing points  of  twelve  ternary  mixtures  of  strontium,  sodium,  and  potas- 
sium nitrates  were  determined  in  the  search  for  the  ternary  eutectic 
point.  Point  number  8  with  a  composition  of  41  equivalent  per  cent, 
of  NaNOi,  50  of  KNOt  and  9  of  Sr(NOi)i  was  found  to  solidify  practically 

'  Menzies  and  Dutt,  Im^.  cil.,  p.  1370. 

'J.  Phjs.  Chem.,  1,  iog  (1898). 

'  J.  Chan.  Sot.,  33,  373  (1878). 

*  BuU.  $oc.  chim.,  \i  ]  47,  300. 

*  Ompi.  rend.,  97,  45.  uij  (1883). 

*  Pha.  Mat.,  [5 1  17.  46a  (1884). 
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without  change  of  temperature  at  208.4^.  This  result  was  further  veri- 
fied by  determining  the  melting  point  of  every  possible  mixture  around 
it  and  var3ring  from  its  own  composition  by  only  one  equivalent  per  cent. 
The  twelve  points  are  tabulated  as  follows: 

Tablb  II. 

Ba.  %      £a.  %     Ba 
No. 

I 

2 

3 

4 

•    5 

6 

7 

8 

9 

10 

II 

12 


Eq.  % 
NaNOt. 

lU^. 

Sr(NOi%. 

Wt.  of 
NaNOi. 

Wt.  of 
KNC. 

Wt.  of 

Sr(N08)t. 

Preesinf 
point. 

40 

45 

15 

8 

10.70 

3.74 

254 -2 

50 

40 

10 

10 

9.51 

2.49 

221.8 

41 

49 

10 

8.2 

11.66 

2.49 

210.0 

40 

50 

10 

8 

11.89 

2.49 

209.5 

39 

51 

10 

7.8 

12.13 

2.49 

210.5 

30 

60 

10 

6 

14.27 

2.49 

226.8 

42 

49 

9 

8.4 

11.66 

2.24 

209.0 

41 

50 

9 

8.2 

11.89 

2.24 

208.4 

40 

51 

9 

8 

12.13 

2.24 

209.3 

42 

50 

8 

8.4 

11.89 

1.99 

210.0 

41 

51 

8 

8.2 

12.13 

1.99 

211. 2 

45 

50 

5 

9 

11.89 

1.25 

213.8 

aB«» 


The  freezing  points  are 
shown  on  their  proper  points 
in  Fig.  7.  Their  ntunbers  run 
in  order  on  the  triangle  from 
top  to  bottom  and  left  to 
right.  Only  a  competent  tri- 
angle of  the  complete  system 
triangle  is  used,  the  base  rep- 
resenting zero  concentration 
of  SrCNO,),. 

These  twelve  ternary  points 
involve  no  repetitions  of  other 
work  done.    Determinations  of 
single  binary  points  of  Sr(N0j)2 
with  equal  weights  of  NaNOj 
and  KNOs,  respectively,  were 
made  by  Maumend^  and  the 
eutectic  mixture  with  KNOj 
was  found  by  Guthrie*  to  con- 
tain 25.81%  of  Sr(N08)2. 
Comparison  of  the  Ternary 
Systems  of  Calcium,  Barium 
and  Strontium  Nitrates  with 
NaNOs  and  KNOs. 

We  are  now  in  a  position 
to  make  a  comparison  of  three 
*  Loc.  cii. 
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ternary  systems,  each  containing  one  of  the  alkaline  earth  nitrates.  The 
relative  position  of  the  three  eutectics  is  best  shown  diagrammatically  as  in 
Fig.  8,  using  the  value  obtained  by  Menzies  and  Dutt  with  Ca(N0»)2.  It  is 
to  be  expected,  of  coiu-se,  that  -this  system  would  show  the  lowest  eutectic 
point  and  the  barium  nitrate  one  of  the  highest,  judging  from  the  melt- 
ing points  of  the  ptu*e  components.  For  Ca(N03)2,  Camelley*  obtained 
561**;  for  Sr(N08)2,  Ramsay  and  Eumorfopoidois*  found  570°;  and  for 
Ba(N08)2  the  writer  found  595. 53**.  For  these  values  alone  it  would  be 
fiuUier  expected,  however,  that  the  eutectic  for  Sr(N08)2  woidd  be  much 
closer  to  the  one  found-  for  Ca(N0s)2.  Such  a  tendency  is  probably 
overcome  by  the  fact  that  strontitun  and  potassium  nitrates  have  a  slightly 
higher  eutectic  point  than  even  barium  nitrate  with  KNO2.'  Conse- 
quently the  iMts  in  the  liquidus  surfaces  of  the  systems  in  which  Ba(NOj)t 
and  Sr(N08)2  are  components  differ  in  depth  by  only  5.3**  and  in  relative 
position  on  the  triangle  by  only  4  equivalent  per  cent,  of  the  two  com- 
ponents, respectively.  Such  facts  point  to  the  conclusion  that  the  coun- 
tour  maps  of  the  two  must  resemble  each  other  very  closely  indeed. 


NoHl^ 


^  Loc,  cU. 

«  Phil.  Mag.,  [5]  41,  360  (1896). 

*  Guthrie,  Loc.  cU. 
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(3)  The  .System  Barium,  Lithium  and  Potassium  Nitrates. 

The  factor  of  salt  stability  enters  strongly  into  determinations  upon 
this  s}rstem — so  strongly  in  fact  that  the  melts  of  no  three-component 
nurtures  with  a  higher  barium  nitrate  concentration  than  10  equivalent 
per  cent,  were  attempted.  There  was  no  difficulty  in  determining  all 
pomts  on  the  Ba(N08)2-KNOs  and  LiN02-KN08  sides  of  the  triangle. 
The  eutectic  mixtures  of  lithium  and  barium  nitrates  proved  to  contain 
only  about  one  equivalent  per  cent,  of  the  latter,  and  when  10%  was 
present,  the  freezing  point  was  observed  to  be  almost  50°  higher  than  the 
vRlne  for  pure  LiNOs.  It  was  possible  to  reach  a  point  represented  by 
the  concentrations  60  equivalents  of  LiNOs  and  40  of  Ba(N0s)2»  freezing 
at  436.6^  before  any  great  decomposition  was  noted.  Immediately  a 
ternary  mixture  containing  10%  of  Ba(NOs)2  was  tried;  however,  a  vigor- 
ous evolution  of  oxygen  began  long  before  a  completely  melted  state  had 
been  reached,  which  was  most  marked  when  from  10-40%  of  the  LiNO» 
was  present.  The  melts  rapidly  became  bright  yellow  from  oxides  of 
nitrogen,  and  crystallization  occtured  in  stages.  Tests  showed  that  prac- 
tically pure  Ba(N0s)2  would  first  separate  while  the  remaining  liquid 
would  solidify  at  a  point  at  least  20  **  lower.  To  illustrate  the  power 
of  a  mixture  of  Ba(N08)a  and  KNOj  to  lower  the  temperatures  where 
marked  decomposition  of  LiNOs  begins,  a  mixttu^  containing  about  46 
equivalent  per  cent,  each  of  the  first  two  salts  and  8  of  the  latter  was 
melted.  At  266®  the  evolution  of  oxygen  was  very  marked,  while  Car- 
veth^  found  that  with  pure  LiNOg  apparent  decomposition  does  not  begin 
mitil  a  temperature  24^  higher  (290^)  is  reached. 

The  determination  of  any  more  than  a  small  portion  of  the  liquidus 
smface  of  the  ternary  system  in  open  tubes  is  clearly  out  of  the  question 


FiMtt  9 
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when  the  melted  salts  show  such  marked  decomposition  as  that  observed. 

It  was  deemed  advisable,  however,  to  determine  the  binary  curve  far 

LiNOs  and  KNOs.     A  comparison  is  made  in  Pig.  9  with  the  curve  as 

plotted  from  the  results  obtained  by  Carveth^  in  his  work  on  the  system 

Na,  K,  and  Li,  the  melting  points  of  which  were  possibly  as  high  as  2  ^ 

in  error.    A  recrystallized  neutral  sample  of  LiNOs  was  used  to  determine 

the  freezing  point  of  the  pure  salt.    Measurement  with  the  resistance 

thermometer  gave  a  value  of  254. 1°  as  compared  with  264°  (Camelley)* 

and  253°  (Carveth).    In  the  following  table,  percentages  are  equivalent, 

except  for  the  LiNOj-KNOs  values  which  are  by  weight  in  order  to  com- 

pare  with  Carveth's  curve.    Only  points  which  were  determined  without 

great  difficulty  are  given: 

Table  III. 

Wt.  %  Wt.  %  Wt.  g.  Wt. «.  Freesing 

No.  KNOi.  UNOi.  KNOb.  LiNOt.  s>oiot. 

1 100  O  30  O  346 . 1 

2 90  10  27  3  290.9 

3 80  20  24  6  237 . 1 

4 70  30  21  9  1398 

5 60  40  18  12  145.2 

6 50  50  15  15  177.4 

7 40  60  12  18  207.0 

8 30  70  9  21  219.8 

9 20  80  6  24  234.2 

10 10  90  3  27  242.3 

II o  100  o  30  254.1 

Tabls  IV. 

Bq.  %       Bq.  %         Bq.  %  Wt.  Wt.  Wt.  Freezing 

No.  KNOi.       LiNOi.     Ba(NOi)t.     KNQi.  UNOi.  Ba(NOi)t.  point. 

I O  90  ID  O  24.79  5.21  303.17 

2 O  80  20  O  20.36  9.64  364.4 

3 o  70  30  o  16.56  13.44  403.58 

4 o  60  40  o  13.26  16.74  436.6 

5 10       10      80       3       16.40       3.88       299.09 

6 20     ID     70      6     14.35      3-88     310.37 

7 30     10     60      9     12.30      3.88     317.92 

8 40      10     50      12      10.25      3.88     303.70 

In  conclusion,  the  writers  wish  to  express  their  thanks  to  Mr.  W.  A. 
Roberts  for  assistance  in  the  use  of  the  resistance  thermometer. 

A  grant  of  two  htmdred  dollars  from  the  Wolcott  Gibbs  Fund  of  the 
National  Academy  of  Sciences  has  been  expended  in  the  purchase  of  a 
potentiometer  and  a  galvanometer  which  will  be  used  in  the  continua- 
tion of  the  work  on  fused  salts,  and  also  for  a  study  of  the  lowerings 
of  the  freezing  points  in  aqueous  solutions  of  the  cobaltamines,  and  of 
mixtures  of  salts.  The  potentiometer  was  designed  for  this  work  by 
Dr.  W.  P.  White  of  the  Geophysical  Laboratory. 

Chicago.  III. 
*  Loc.  cit. 
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THE  DETERMmATION  OF  FERROUS  IRON  IN  SILICATES  BT 

TITRATION  WITH  BICHROMATE. 

Bt  O.  L.  Baknsbbt. 
Received  May  31.  1915. 

The  permanganate  titration  has  been  used  for  the  determination  of 
ferrous  iron  in  silicates  almost,  if  not  quite,  exclusively.  This  study  in- 
troduces dichromate  for  this  purpose  in  a  method  which  is  proven  to  be 
acciirate. 

A  dichromate  titration  of  the  ferrous  iron  obtained  by  extraction  of  a 
sificate  with  hydrofluoric  add  has  several  points  in  its  favor.  A  dichro- 
mate solution  is  more  stable  than  the  permanganate  solution,  which  is 
ordinarily  used  for  this  purpose.  Moderate  quantities  of  hydrochloric 
add  do  not  interfere  with  the  dichromate  titration,  thus  allowing  the  use 
of  this  acid,  if  it  is  desired,  in  the  extraction  process.  Dichromate  is  not 
as  easily  reduced  by  organic  matter  as  is  permanganate.  However, 
fenxms  iron  catmot  be  titrated  accurately  with  dichromate  in  a  hydro- 
fluoric add  solution.  Fiuther,  ferrous  iron  in  fluoride  solution  oxidizes 
so  rapidly  that  a  slow  titration,  such  as  accompanies  the  use  of  an  outside 
indicator  on  a  spot  plate,  may  introduce  a  considerable  error. 

Boric  add^  has  been  fotmd  to  remove  hydrofluoric  acid  from  solution, 
interaction  forming  metafluoboric  acid.  The  use  of  boric  acid  also  per- 
mits an  accurate  titration  of  ferrous  iron  to  be  made  with  dichromate 
(Table  I). 

In  Experiments  3  and  4  the  dichromate  was  added  until,  upon  placing 
a  drop  of  the  solution  in  contact  with  a  drop  of  0.05%  potassium  ferri- 
cyanide  solution,  the  devdopment  of  color  on  the  spot  plate  was  very  slow. 
The  time  required  for  the  development  of  the  ferrous  iron  test  is  desig- 
nated in  the  table.  More  dichromate  was  then  added  and  another  test 
applied.  The  more  the  dichromate  added  the  longer  became  the  time 
required  for  the  development  of  the  color  test.  These  two  experiments 
show  that  an  enormous  error  may  be  introduced  by  the  presence  of  fluor- 
i(ks.  In  Experiments  5  and  6  boric  add  was  present  and  hydrochloric 
add  absent.  In  7  and  8  boric  add  was  added  previous,  to  titration  in 
the  presence  of  hydrochloric  acid.  Excellent  results  were  obtained  in  the 
four  experiments.  Constant  quantities  of  iron  in  the  presence  of  constant 
amounts  of  hydrochloric  add  in  constant  volume  of  solution  were  titrated 
^^  variable  amounts  of  hydrofluoric  acid  both  with  and  without  the 
addition  of  boric  acid  in  excess  preceding  titration  (Experiments  9-20 
indusive).  Bdow  approximately  0.15  A/^  the  effect  of  hydrofluoric  add 
K  found  to  be  small  when  titrating  moderate  amounts  of  iron.  Above 
015  A  the  error  becomes  progressively  larger  as  the  concentration  of  the 
^  Bamebey,  This  Journal,  37,  1481  (1915). 
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Table  I. — ^Titration  of  Iron  with  Dichroicatb  in  Htdrochi^sic  and  Hviuto- 

FLUORIC  Acm  Solutions. 

I  cc.  KtCrsOr  =  0.006381  g.  FeO.^ 
I  cc.  FeS04  =  1 .007032  g.  FeO. 


Normality. 


I. 
2. 

3 


HCL 
0.50 


HP. 

■    • 

0.125 
0.625 


Volume. 
Cc. 

200 
200 
200 


G.  FeO. 


Present. 
0.2II0 
0.2110 
0.2II0 


3.125 


200 


0.2II0 


Pound. 
0.2II0 
0.2108 

O.1914 
0.2067 

0.2074 

0.2080 

0.1659 

0.1789 

O.I914 


Hrror. 

0.0000 
.0002 
.0196 
.0043 
.0036 
.0030 
.0451 
.0321 
.0196 


Time  for  <!»• 

▼dopmcntof 

color.  Min. 


X 
I 

0.5 

2 

3 

7 

0.5 

I 

3 


Pound. 


Without 
BaBOi. 


5 
6. 

7. 
8. 

9 
10. 

II. 

12. 

13 
14. 

15 
16. 


0.50 

0.50 

0.50 

0.50 

0.50 

0.50 

0.50 

0.50 

0.50 

o .  50 

17 0.50 

18 0.50 

19 0.50 

20 


0.125 

0.500 

0.125 

0.625 

0.05 

O.IO 

0.15 
0.25 
0.40 
0.50 

0.75 

1. 00 
1.50 
2.00 
2.50 
2.50 


200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 


0.2II0 
0.2II0 
0.2II0 
0.2II0 
0.1567 
0.1567 
0.1567 
0.1567 
0.1567 
0.1567 
0.1567 
0.1567 
0.1567 
0.1567 
0.1567 
0.1567 


With 
HtBOi. 

0.2III 

0.2II0 

0.2II0 

0.2109 


0.1563 
0.1566 

o.  1564 

0.1557 
0.1552 

0.1548 

0.1528 

o . 1492 

0.1425 
O.I415 
0.1400 


0.1567 
0.1566 
0.1567 
0.1568 
0.1566 
0.1567 
0.1568 
0.1566 
0.1566 


hydrofluoric  add  increases.  The  addition  of  boric  add  removes  this 
fluoride  effect  and  permits  excellent  results  to  be  obtained  even  when  the 
concentration  of  the  hydrofluoric  add  is  2.5  N. 

Sensitiveness  of  the  Ferricyanide  Test  for  Ferrous  Iron. 

In  previous  work  the  author  has  frequently  observed  that  variation  of 
the  strength  of  hydrochloric  add  has  a  tendency  to  change  the  sensitive- 
ness of  the  ferricyanide  test  for  small  amounts  of  ferrous  iron.  To  ascer- 
tain the  extent  of  this  effect  a  series  of  experiments  was  performed  (Table 
II).  The  effect  of  hydrofluoric  acid  was  also  made  a  matter  of  study  in 
this  series.  In  each  experiment  the  acid,  with  or  without  added  ferric 
chloride,  was  diluted  to  200  cc.  volume  and  standard  ferrous  sulfate  added 

^  The  dichromate  solutions  used  in  this  work  were  standardized  against  pure 
electrolytic  iron  and  the  ferrous  iron  solutions  were  standardized  with  the  dichromate 
in  each  series  of  experiments,  using  ferricyanide  as  indicator. 
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until  one  drop  of  the  solution  gave  the  color  test  with  ferricyanide  on  a 
porcelain  spot  plate. 

The  column  "test  sensitiveness"  gives  the  sensitiveness  computed  upon 
the  basis  of  actual  parts  of  ferrous  iron  contained  in  the  solution.  In  order 
to  obtain  the  sensitiveness  in  the  spot  plate  reaction  the  ''test  sensi- 
tiveness" results  should  be  multiplied  by  twenty,  inasmuch  as  twenty 
drops  of  the  solution  were  equivalent  to  one  cc.  and  only  a  single  drop 
of  the  solution  was  removed  for  the  test  with  ferricyanide.  One  minute 
was  the  time  allowed  for  the  color  to  develop.  PreUminary  study  had 
mdicated  that  not  less  than  0.04  or  more  than  o.  10%  potassium  ferricyanide 
gives  the  best  results  in  the  test  for  ferrous  iron.  In  the  tests  here  recorded 
tbree  series  of  tests  were  used  as  checks  upon  each  other,  involving  the  use 
of  0.04,  0.06  and  0.08%  potassium  ferricyanide  solutions. 

Tablb  II. — SBNsmvBNBss  OP  THB  Pbrricyanids  Tbst  por  Pbr&ous  Iron. 

I  cc.  TdSOi  ■=  0.005222  g.  Fc. 


I., 

2.. 

3- 

4- 

5. 
6.. 

7. 
8. 

9. 
10. 

11. 

12. 

13. 

H- 
15. 
16. 

17. 
18. 

20. 
21. 
22. 

n. 
24. 

25. 

26. 

»7. 


^                         i\  1    »r 
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0.60 
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0.0019 
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•      ■                                                          1 
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•     •                                                          < 
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33»ooo 

0.05 

200 

0.0020 
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0.15 

200 

0.0045 
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0.25 

200 

0.0068 

30,000 

0.50 

200 

0.0094 

21,000 

1.25 

200 

0.0151 

13.000 

2.50 

200 

0.0234 
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•     •                                                         1 
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•     ■ 

5                200 
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0.0002 
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O.IO 

5               200 

0.0008 
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5               200 

0.0022 

90,000 

0.50 

5               200 

0.0104 

19,000 

1. 00 

5               200 

0.0135 

15.000 

2.50 

5               200 

0.0140 

14,000 

0.50            ] 

[O               200 

0.0025 

80,000 

1. 00 

to               200 

0.0059 

34.000 

0.50            i 

|0               200 

O.OOIO 

200,000 

1. 00                            4 

\o              200 

0.0020 

100,000 

Experiments  1-6  and  7-12  show  a  progressive  lowering  of  the  sensi- 
tiveness of  the  ferrous  iron  test  as  the  normality  of  the  hydrochloric  and 
hydrofluoric  acid  increases.     However,  the  addition  of  ferric  iron  to  the 
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solution  (Experiments  14-27)  permits  a  more  accurate  test  to  be  made. 
(The  ferric  chloride  was  entirely  free  from  any  trace  of  ferrous  iron.) 
Sulfuric  and  phosphoric  acids  give  an  effect  similar  to  hydrochloric  add 
Using  2.5  N  sulfuric  acid,  0.004  S-  ^^  ^^^  was  required  in  200  cc.  vol.  to 
give  the  ferrous  iron  test  on  the  spot  plate.  This  corresponds  to  a  solution 
sensitiveness  of  one  part  in  fifty  thousand  and  a  spot  plate  sensitiveness 
of  one  part  in  a  miUion.  With  2.5  A^  phosphoric  add  (computed  on  the 
basis  of  three  replaceable  hydrogen  atoms),  0.006  g.  of  iron  was  necessary, 
corresponding  to  one  part  in  thirty-three  thousand  and  six  htmdred  sixty 
thousand  parts  for  the  solution  and  spot  plate  sensitiveness,  respectively. 
The  addition  of  ferric  chloride  to  the  solution  or  spot  plate,  espedally 
the  latter,  brings  out  the  test  with  a  very  small  amotmt  of  ferrous  iron, 
0.0002  g.  being  easily  detected,  hence  yielding  a  solution  sensitiveness  of 
one  part  in  a  million  and  a  spot  plate  sensitiveness  of  one  part  in  twenty 
million  parts  of  solution.  Other  salts  such  as  sodium,  ammonium,  potas- 
sium, barium  and  aluminum  chlorides  do  not  have  an  efifect  similar  to 
ferric  chloride.  It  does  not  seem  improbable  that  the  ferrous  chloride  in 
strong  add  solution  reduces  in  part  the  fern-  to  ferrocyanide.^  The 
ferrocyanide  then  reacts  with  the  ferric  iron  present  to  form  a  salt  similar 
to  or  identical  with  ''Prussian  Blue."  ''Prussian  Blue"  has  a  tendency 
to  decompose  in  hydrochloric  add  solution  forming  ferric  chloride  and  hy- 
droferrocyanic  add.  Now  the  addition  of  ferric  iron  to  such  a  solution 
tends  to  form  a  ferri-ferrocyanide  by  mass  action,  hence  causing  the  ccAor 
to  reappear.  When  the  hydrochloric  add  is  weak  the  reaction  on  the  spot 
plate  proceeds  normally,  3delding  a  ferrous  ferricyanide.  However,  the 
reactions  are  undoubtedly  complex  in  character,  as  indicated  by  the  dif- 
ferences of  colors,  green  to  blue,  obtained  on  the  spot  plate.  It  matters 
not  which  blue  or  greenish  blue  is  formed  if  the  appearance  of  color  can 
be  obtained  by  the  presence  of  a  very  slight  excess  of  ferrous  iron  in  such 
a  manner  as  to  constitute  a  reUable  test. 

The  effect  of  diminishing  sensitiveness  of  the  ferrous  iron  test  in  strong 
hydrochloric  and  hydrofluoric  add  solutions  was  tried  in  the  titration  of 
small  amounts  of  iron.  In  this  series  of  experiments  the  standard  solu- 
tions of  ferric  chloride,  ferrous  chloride  and  potassium  dichromate  were 
approximatdy  o.i  N  (Table  III). 

In  the  presence  of  2.5  AT  hydrochloric  add  small  amounts  of  ferrous  iron 
cannot  be  titrated  directly  with  accuracy  (Experiments  i*  4,  5  and  8). 
Experiments  2,  6  and  9  show  that  the  addition  of  ferric  chloride  to  the 
solution  of  ferrous  iron  permits  a  correct  titration  to  be  made,  even  when 
the  hydrochloric  add  is  2.5  N.  As  the  quantity  of  ferrous  iron  to  be  ti- 
trated increases,  thus  forming  more  ferric  iron  in  solution,  the  titration 
becomes  more  accurate.  Experiments  11,  12,  13  and  14  indicate  that 
^  See  also  Hofmann,  Heine  and  Hdchteln,  Ann.,  337,  i  (1904). 
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Normality. 


I. 
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3. 

4- 

5. 
6. 

7. 

8. 

9. 
10. 
II. 
12. 
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HCL 

2.50 

2.50 

0.25 

, 2.50 

2.50 

2 .  50 

0.25 

2.50 

2.50 

0.25 

2.50 

2.50 

2.50 

M 2.50 

15 0.50 

16 0.50 

17 0.50 

18 0.50 

19 

20 

21 

22 

23 

24 

25 

36 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 
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0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.50 
0.50 
0.50 
1. 00 
1. 00 
1. 00 
2.00 
2.00 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
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it 


ti 
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Present 
0.0057 
0.0057 
0.0057 
O.OII3 
0.0170 
0.0170 
0.0170 
0.0284 
0.0284 
0.0284 
0.0567 
0.0567 
O.I134 

O.II34 
0.0284 

0.0567 

O.1418 

0.2268 

0.0057 

0.0057 

0.0057 

O.OI13 

O.OI13 

O.OI13 

0.0113 

O.OI13 

0.01x3 

0.0113 

0.0113 

0.0113 

0.0113 

0.01x3 

0.0057 

0.01x3 

0.0170 

0.0284 

0.0284 

0.0567 


Pound. 
0.0027 
0.0055 
0.0057 
0.0064 
0.0156 
0.0170 
0.0170 
0.0275 
0.0285 
0.0282 
0.0564 
0.0565 
O.II35 
O.I135 
0.0285 
0.0565 
O.1416 
0.2268 
0.0004 
0.0020 
0.0054 
0.0074 
0.0088 
O.OII3 
0.0034 
0.0074 
0.01x4 
0.0000 
0.0025 
0.0084 
0.0004 
0.0059 
0.0057 
O.OII4 
O.017X 
0.0286 
O . 0286 
0.0570 


Brror. 

.0030 

,0002 
^0.0000 
— 0.0049 

.00x4 
iO.OOOO 

=0.0000 
.0009 
-fo.ooox 
.0002 
•.0003 
.0002 
-j-o.oooi 
H-o.oooi 
-fo.oooi 
•.0002 
,0002 
•0.0000 

0053 
.0037 

.0003 

.0039 

0025 

'O.OOOO 

0079 
.0039 

+0.0001 

.01x3 

0088 

1.0029 

.0109 

1.0054 

^0.0000 
H-o.ooox 
4-0. 0001 
+0.0002 

+0.0002 
+0.0003 


amoimts  of  ferrous  iron  above  0.05  to  o.io  g.  can  be  titrated  in  even  2.5  N 

hydrochloric  add  with  safety.     Experiments  15,  16,  17  and  18  show  that 

0.50  N  add  is  not  detrimental  when  above  0.03  g.  of  iron  is  being  titrated. 

With  less  concentrations  of  acid  much  less  ferrous  iron  could  be  accurately 

determined.     The  addition  of  ferric  chloride  to  the  fluoride  solution  has 

a  tendency  to  improve  the  accuracy  of  the  titration,  yet  not  to  a  suffident 

*  Drops  of  the  ferric  chloride  solution  were  added  to  the  ferricyanide  on  the  spot 
phte. 
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degree  to  make  the  titration  reliable  (Bxperixnents  19-32).  The  addition 
of  a  drop  of  ferric  chloride  to  each  drop  of  indicator  on  the  spot  plate 
before  or  after  adding  the  drop  of  solution  to  be  tested  gave  a  much  more 
acctu-ate  result  in  Experiments  21,  24,  27,  30  and  32.  However,  this  re- 
quired careful  observance  for  the  end  point,  which  was  a  trifle  obscure 
because  of  a  very  slight  green  tinge  remaining  after  the  titration  was  com- 
pleted. However,  the  addition  of  boric  acid  removes  the  hydrofluoric 
add,  thus  permitting  an  accurate  titration  of  small  amounts  of  ferrous 
iron  to  be  made  the  same  as  when  larger  amounts  are  involved  (Experi- 
ments 33-37,  see  Table  I). 

From  the  preceding  work  it  is  recommended  that  not  more  than  5  or 
at  the  most  10  cc.  of  concentrated  hydrochloric  acid  be  present  in  a  volume 
of  200  cc.  when  small  amounts  of  iron  are  to  be  titrated.  Inasmuch  as 
the  use  of  10  cc.  has  no  advantage  over  5  cc,  the  latter  amount  should  be 
employed.  Boric  acid  when  added  to  solutions  containing  hydrofluoric 
add  removes  the  latter  and  permits  a  quantitative  determination  of  the  iroa 
to  be  made,  whether  the  iron  is  present  in  small  or  large  amounts. 

Analysis  of  Silicates  for  Ferrous  Iron. 

In  a  previous. artide^  ferrous  iron  solutions  containing  fluoboric  add 
were  shown  to  be  quite  stable  in  the  presence  of  the  air.  Since  the  use  of 
boric  add  permits  a  correct  titration  to  be  made,  the  method  previously 
outlined'  can  be  modified,  using  dichromate  instead  of  permanganate  for 
the  standard  oxidizing  solution.  In  Series  IV  the  samples  were  decom- 
posed according  to  the  method  referred  to  above,  using  10  cc.  of  hydro- 
chloric add,  sp.  gr.  1.2  (sulfuric  add  can  be  used  if  desired),  and  10  to  20 
cc.  of  hydrofluoric  add  of  48%  strength.  A  convenient  strength  of  di- 
chromate was  fotmd  to  be  i  cc.  =  o.ooi  g.  FeO.  A  0.05%  solution  of 
potassium  ferricyanide  was  used  as  indicator  on  a  spot  plate,  one  drop 
bdng  placed  on  each  spot.  When  the  end  point  had  apparently  been 
reached,  two  or  three  drops  of  the  solution  being  titrated  were  used  for 
the  final  test  for  ferrous  iron  in  the  spot  plate  reaction,  thus  increasing 
the  accuracy  of  the  test. 

Tabls  rv. — ^Analysis  op  SnjcATits  for  Pbrrous  Iron. 

Per  cent.  PeO  found  by 

Silicate  Sample.  * • * 

number.  Grams.  KMnOt.  KsCqOt. 

I I  I.  ID  1.02 

2 2  0.51  0.51 

3 I  13.80  13-70 

4 I  14-41  14.38 

5 I  6.49  6.40 

6 I  5.47  5.47 

*  Bamebey»  Tms  Journal,  37,  1191  (1915). 
^  Loc.  cit. 
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In  the  analysis  of  Samples  i  and  2  the  solutions  had  to  be  filtered  to 
remove  suspended  organic  matter  in  order  to  permit  titration  with  per- 
manganate, yet  no  trouble  was  encountered  in  titrating  with  dichromate 
without  filtration.  Samples  3-6  inclusive  did  not  contain  organic  matter. 
All  of  these  results  are  average  results  of  closely  agreeing  duplicating 
analyses. 

Conclusions. 

1.  The  concentration  of  add  should  be  small  when  titrating  small 
amounts  of  iron  with  dichromate,  using  ferricyanide  as  indicator  on  the 
spot  plate.  If  the  concentration  is  quite  large  ferric  chloride  should  be 
added  to  give  a  sharper  color  change  on  the  spot  plate. 

2.  Boric  add  cotmteracts  the  influence  of  hydrofluoric  add  in  the 
dichromate  titration  of  ferrous  iron  and  hence  addition  of  this  reagent 
to  the  hydrofluoric  add  extraction  of  the  silicate  yields  a  solution  in  which 
the  ferrous  iron  can  be  accuratdy  titrated  with  dichromate,  using  ferri- 
<7amde  as  indicator  on  a  spot  plate. 


NOTE. 

Use  of  Acetone  for  Drying  Chemical  Utensils. — ^Acetone  is  misdble 
in  all  proportions  with  water.  It  has  a  boiling  point  of  56^.  On  account 
<A  these  two  properties  acetone  is  an  excellent  substance  to  use  as  a  wash 
to  facilitate  the  drying  of  glassware,  espedally  flasks,  bottles,  etc.  After 
leaning  and  rinsing  with  water  the  vessd  is  allowed  to  drain  a  short  time, 
then  suffident  acetone  is  added  to  give  a  good  wash.  After  again  draining 
a  few  seconds  the  remaining  acetone  is  removed  by  drawing  air  through 
the  vessd  by  inserting  a  glass  tube  which  is  connected  to  suction,  or  by 
the  application  of  heat.  The  author  has  found  the  use  of  acetone  very 
^rviceable,  replacing  the  use  of  alcohol  to  remove  the  water,  then  ether 
to  remove  the  alcohol.  The  acetone  has  the  merit  of  being  cheaper  than 
-either  alcohol  or  ether  at  the  present  time.  O.  L.  Barnebby. 

UnrataiTT  ov  Wtaconanii,  MADia<m. 
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DBRIVATIVBS  OF  PHENYL  ETHER. 

Bt  Alvksd  N.  Cook  and  Pkank  P.  Sbbkwood. 
Received  June  9.  1915. 

a-nitro-4'-methyl  phenyl  ether  (NOs.C6H40C«H4.CH,)  was  first  pre- 

TKued  by  one  of  the  authors^  of  this  paper  about  sixteen  years  ago  and 

^ome  of  its  derivatives  were  prepared  and  studied.    Subsequently  some 

'Other  compounds  of  an  analogous  nature  and  corresponding  derivatives 

*  Am,  Chem.  /.,  24,  525-529  (1900). 
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were  prepared  and  described.  Since  the  first  paper  was  not  as  compre- 
hensive as  those  that  appeared  subsequently,  it  was  thought  that  a  further 
study  of  the  above-mentioned  compound  woidd  be  of  some  interest  and 
profit. 

The  method  here  used  was  somewhat  varied  and  shortened  in  the  light 
of  subsequent  experience  and  as  a  consequence  the  yield  was  somewhat 
increased.  (?-Bromo-nitro  benzene,  with  somewhat  more  than  the  theo- 
retical equivalent  of  potassium  cresolate,  was  warmed  on  an  oil  bath 
to  125^  until  all  action  had  ceased.  The  temperature  was  then  gradually 
raised  to  160^.'  The  potassium  cresolate  employed  was  also  prepared  some- 
what differently  than  in  the  first  instance,  with  the  result  that  a  much  whiter 
and  better  product  was  obtained,  which  was  probably  one  factor  in  the 
increased  yield.  No  water  was  added  to  the  mixture  of  potassium  hy- 
droxide and  />-cresol.  The  two  substances  were  simply  mixed  and  then 
heated  on  the  water  bath  until  as  dry  as  possible.  The  drying  was  then 
completed  in  the  air  bath  at  about  1 10^  for  a  short  time.  Care  must  be 
exercised  in  the  final  heating,  since,  if  the  heat  is  applied  too  long,  the  sub- 
stance begins  to  char  and  the  final  product  is  not  so  good. 

The  nitro-methyl  phenyl  ether  was  ptuified  by  fractional  distillation 
in  vacuo  several  times  and  subsequent  crystallization  from  slcoboL  In 
spite  of  the  fact  that  an  excess  of  potassiiun  phenolate  was  alwa3rs  em- 
ployed in  its  preparation  there  always  remained  behind  some  unchanged 
nitro-bromo  benzene  to  contaminate  the  product.  Apparently  also  there 
was  always  some  by-product  formed  which,  however,  was  not  studied. 
The  above  method  of  purification  was  found  to  be  much  better  and  more 
expedient  than  the  one  formerly  employed.  The  compound  boiled  at 
210^  under  a  pressure  of  15  mm.  and  melted  at  49 ^  the  same  as 
first^  determined. 

A  heza-nitro-methyl  phenyl  efher  ((NOs)6*CH8.CuHs)  was  obtained 
by  treating  the  mother  substance  with  concentrated  nitric  acid  at  the 
temperature  of  the  boiling  water  bath.  The  reaction  takes  place  veiy 
slowly  and  it  is  necessary  to  heat  for  some  time  before  solution  takes- 
place.  The  add  solution  was  poured  into  a  large  amount  of  water,  when 
the  nitro-compound  was  precipitated  as  a  viscous  mass,  which,  on  stirring 
for  several  minutes,  completely  solidified.  It  is  very  soluble  in  hot  alco- 
hol and  but  sparingly  soluble  in  cold  alcohol.  It  is  soluble  in  benzene, 
ether,  carbon  disulfide  and  sparingly  soluble  in  water.  After  crystalliza- 
tion  from  alcohol  several  times  it  melted  at  103.5^. 

Analyses  for  nitrogen  yielded  18.13%  and  18 .  22 %,  respectivdy.    Theory,  18 . 55%- 

On  account  of  the  small  yield  obtained  it  was  thought  that  a  part  of 
the  substance;  might  have  remained  behind  in  the  add  solution.    Oa 
greatly  diluting  the  solution,  however,  no  further  precipitation  took  place, 
*  Loc.  cit. 
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but  on  neutralizing  the  add  solution  with  caustic  soda  a  second  crop  of 
<3ystals  separated  out  on  standing,  which  were  of  a  higher  degree  of  purity 

m 

than  the  first  crop.  A  considerable  portion  of  the  substance  remained 
behind  in  solution  in  the  water,  since  the  substance  is  slightly  soluble  in 
water.  A  hexa-nitro  compound  was  prepared  by  the  senior  author  of 
this  paper  some  years  ago^  by  nitrating  4-nitro-4 '-methyl  phenyl  ether 
in  an  analogous  manner.  Its  melting  point  was  not  determined,  but  its 
other  properties  are  identical  with  those  of  this  compound.  With  httle 
doabt  I  think  the  two  compounds  are  identical. 

Bn)mo-2-mtro-4'-methyl  phenyl  ether  (Br.NQ2.CH8.CuH70)  was  pre- 
pared by  dissolving  2-nitro-4'-methyl  phenyl  ether  in  carbon  disulfide, 
•adding  a  small  crystal  of  iodine  to  act  as  a  catalytic  agent  or  carrier  for 
the  bromine,  and  then  a  large  excess  of  bromine  and  allowing  to  stand  two 
•or  three  days.  After  evaporating  off  the  carbon  disulfide  and  distilling 
under  diminished  pressure,  the  compound  was  purified  by  crystallizing 
from  alcohol  several  times,  when  it  melted  at  23°.  It  is  a  yellow-colored 
-substance,  very  much  resembling  the  mother  substance  from  which  it 
iras  prepared. 

Two  analyses  for  bromine  jrielded  34.18%  and  34.3%,  respectively.    Theory 
^«n»«8  34.6%. 

Bt0iiio-3-a]i)iiio-4'-methyl  phenyl  etiier  (Br.NHs.CHs.CuHTO)  was 
H>btained  by  reducing  the  bromine  derivative  of  the  mother  substance 
irith  tin  and  hydrochloric  acid  in  alcoholic  solution  while  warming  on  the 
^water  bath  and  subsequent  separation  of  the  tin  with  hydrogen  sulfide 
and  evaporating  to  crystallization.  The  compound  is  quite  stable  and 
jidds  a,  free  base  with  caustic  alkalies  which  is  likewise  quite  stable.  With 
platinic  chloride  it  yields  a  chloroplatinate  which  crystallizes  in  brilliant 
reddish  crystalline  grains. 

Platinum  found,  20.22%.    Theory  requires  20.00%. 

2-Nitro-4'-methyl  phenyl  ether  sulfonic  acid  (NO2.CHs.C12H7.SOtH) 
Kras  prepared  by  precipitating  the  lead  of  the  lead  salt  with  hydrogen 
^sulfide  and  evaporating  to  crystallization.  It  is  of  a  yellow  color  and 
fames  in  the  air  when  warmed  on  the  water  bath  even  when  dissolved 
in  considerable  water.  On  bringing  the  open  mouth  of  a  bottle  contain- 
ing ammonitun  hydroxide  near  the  warmed  acid  dense,  white  clouds  are 
formed  similar  to  those  formed  by  ammonia  and  hydrochloric  add.  When 
aspirated  with  a  current  of  air  in  water  solution,  or  in  the  dry  state  into 
^  second  tube  containing  distilled  water  for  a  couple  of  hours,  sufficient 
^d  passed  over  to  yield  a  test  with  Utmus  and  affect  the  sense  of  taste. 
"Of  the  various  salts  prepared  none  were  found  to  contain  any  water  of 
•oystallization.  This  acid,  therefore,  differs  from  all  of  the  other  analogous 
■adds  so  far  prepared,  since  one  or  more  of  the  salts  of  all  of  the  other  sul- 
'  Tms  Journal,  25,  64  (1903). 
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f onic  adds  contain  from  one  to  several  molecules  of  water  of  crystalliza- 
tion. The  acid  causes  various  carbonates  to  effervesce.  The  composi* 
tion  of  this  acid  is  sufficiently  shown  by  the  analysis  of  several  of  its  salts.. 

2-Amino-4 '-methyl  phenyl  ether  sulfonic  acid  (NH2.CH4.Ci2H7.SO»H> 
was  prepared  by  reducing  the  corresponding  copper  salt  of  the  sulfonic 
add  in  water  solution  with  tin  and  hydrochloric  acid  while  warming  on 
the  water  bath,  removing  the  tin  by  means  of  hydrogen  sulfide,  and  evapo- 
rating to  crystallization.  Although  it  is  both  base  and  add  it  possesses 
fairly  pronounced  add  properties.  It  causes  the  effervescence  of  car- 
bonates. 

Lead-2-nitro-4 '-methyl  phenyl  ether  carbonate  was  prepared  by  dis- 
solving the  mother  substance  in  a  small  quantity  of  sulfuric  add  contain- 
ing a  small  quantity  of  sulfur  trioxide,  adding  to  a  large  amotmt  of  water, 
treating  with  lead  carbonate  imtil  effervescence  ceases,  filtering  and  evap- 
orating to  crystallization.  The  lead  salt  thus  prepared  seemed  to  be 
quite  difficult  to  purify  and  persisted  in  giving  abnormaUy  high  results- 
for  lead  for  a  long  time. 

Pb  found  after  repeated  crystallization,  25.2%.    Thc^oiy,  25.15%. 

The  barium  salt  was  prepared  in  an  analogous  manner  as  in  the  case 
of  the  lead  salt  with  the  substitution  of  barium  carbonate.  It  is  of  a 
slightly  yellow  color,  very  soluble  in  hot  water  and  but  slightly  so  in 
cold  water,  and  comparativdy  easy  to  purify.  It  contains  no  water  of 
crystallization.  It  crystallized  in  radial  aggregations  so  characteristic 
of  the  compotmds  of  phenyl  ether  so  far  prepared. 

Barium  found,  15.4%.    Theory,  15.15%. 

The  strontium  salt  was  prepared  similarly  to  the  barium  and  lead 
salts  with  the  substitution  of  strontium  carbonate.  It  is  of  a  light  yellow^ 
color  and  contains  no  water  of  crystallization. 

Pound  12 .  29%  and  12 .  18%  of  strontium,  respectively.     Theory,  12 .  45%. 

The  copper  salt  was  prepared  by  adding  the  calculated  amount  of  cop- 
per sulfate  to  the  barium  salt  to  completely  predpitate  the  barium  and. 
evaporating  to  crystallization.  It  is  quite  sparingly  soluble  in  water, 
from  which  it  crystallizes  on  cooling  in  a  very  bulky  mass.  When  moist 
the  salt  is  of  a  nearly  white  color,  with  perhaps  a  slight  yellow  tinge; 
when  dry,  however,  it  possesses  a  slight  greenish  tinge.  It  readily  reduces- 
with  tin  and  hydrochloric  add  and  )ridds  a  stable,  free  base. 

The  cadmium  salt  was  prepared  in  the  same  general  manner  as  the  cop- 
per salt  with  the  substitution  of  cadmium  sulfate.  It  is  of  a  yellowish 
white  color,  and  fairly  soluble  in  water,  from  which  it  crystallizes  in 
bulky,  radial  aggregations.     It  contains  no  water  of  crystallization. 

The  sodium  salt  was  prepared  by  precipitating  the  barium  of  the  bariunt 
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salt  by  means  of  sodium  carbonate  and  evaporating  to  crystallization. 
It  is  of  a  light  yellow  color  and  very  soluble  in  water. 

Sulfur  found,  9.64%  and  9.75%,  respectively.    Theory,  9.66%. 

The  compound  seemed  to  be  very  hard  to  oxidize,  even  for  a  sulfur 
compound,  requiring  two  ftdl  days'  heating  with  fuming  nitric  add  under 
pressure  at  a  high  heat. 

3-IKtro-4'-methyl  phenyl  ether  sulfonchloride  (NO2.CHt.CuH7.SO1a) 
was  prepared  by  treating  the  sodium  sulfonate  with  an  excess  of  phosphorus 
pentachloride.  The  two  substances  were  powdered,  mixed  thoroughly, 
shaken  to  insure  complete  mixing,  when  an  action  took  place  accom- 
panied by  a -marked  rise  of  temperature,  the  mixture  asstuning  a  semi- 
pasty  condition.  Ice  water  was  then  potu^d  into  the  flask  and  allowed 
to  remain  several  hours  with  occasional  shaking.  The  sulfonchloride  re- 
mained in  the  bottom  of  the  flask  in  the  form  of  solid  granules  and  was 
sq)arated  by  filtration  with  suction.  The  substance  is  very  stable  to- 
wards water  and  alcohol.  The  substance  is  soluble  in  alcohol,  benzene, 
and  other  organic  solvents.  It  crystallizes  from  alcohol  in  light  yellow 
plates  which  melt  at  69**  (uncor.). 

VsmiiAioM,  S.  Dak. 
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The  work  recorded  in  this  paper  is  a  continuation  of  an  investigation 
on  phenols  and  related  compounds  which  was  begun  by  Johnson  and 
Hodge'  in  19 13.  It  is  the  third  paper  on  this  subject  and  is  devoted  to 
the  synthesis  and  description  of  some  new  derivatives  of  p-cresol. 

Our  knowledge  regarding  the  alkyl  derivatives  of  the  three  isomeric 
aesols  is  somewhat  limited.  While  several  have  been  described  in  the 
fiteratm^,  in  many  cases,  however,  the  position  occupied  by  the  substit- 
uent  alkyl  group  is  held  as  uncertain. 

Only  two  propyl  cresols  have  been  described.  One  of  these,  2-hydroxy- 
4-propyl-i-methylbenzene,  was  synthesized  by  Bayrac,^  who  obtained 
it  by  alkali  fusion  of  i-methyl-4-propyl-benzenesulfonic  add.  The  other, 
3'hydrQxy-?-normal  propyl- i-methylbenzene,  was  prepared  by  Mazzara^ 

1  The  experimental  work  described  in  this  paper  was  done  by  Mr.  Louis  E.  Graf 
m  candidacy  for  the  Degree  of  Master  of  Science  in  the  Sheffield  Scientific  School  of 
Yife  Univeraity. 

*  This  Jousnai,,  35,  1014  (1913). 

*Bidl.  soc.  chim.,  [3]  13,  896  (1895). 

*Gati,  chim,  tied.,  xa,  167  (1882). 
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through  the  interaction  of  normal  propyl  alcohol,  m  cresol  and  anhydrous 
magnesium  chloride  at  200^.  In  this  connection,  mention  should  also 
be  made  of  Klages*^  synthesis  of  the  methyl  ether  of  2-propyl-4-methyl- 
phenol  (I)  which  he  obtained  by  the  reduction  of  either  4-methyl-2- 
Xiropenyl-phenol  methyl  ether  (II)  or  i-methoxy-4-methyl-2-propyl(d 
benzene  (III).  A  synthesis  of  the  free  phenol  is  now  recorded  in  this 
paper. 

Our  information  concerning  the  ethyl  substituted  cresols  is  more  con- 
flicting than  that  of  the  propyl  derivatives.  Clemmenson'  has  reduced 
3-methyl-4-hydroxy-acetophenone  (IV)  to  2-methyl-4-ethylphenQl  (V) 
by  means  of  zinc-amalgam  and  hydrochloric  acid  and  characterizes  his 
.compound  as  ''das  Phenol  das  bisher  noch  nicht  dargestellt  worden  war." 
There  is  a  possibility,  however,  that  this  statement  is  not  wholly  correct. 
For  example,  Bayer  &  Co.*  have  shown  that  2-hydroxy-?-ethyl-i-methyl- 
benzene  could  be  synthesized  by  the  interaction  of  (7-cresol  with  ethyl 
alcohol  at  180^  in  the  presence  of  anhydrous  zinc  chloride.  The  boiling 
point  of  their  product  is  stated  as  220^;  that  of  Clemmenson's  is  224^ 
at  740  mm.,  thus  indicating  that  the  two  products  are  possibly  identical 

There  are  also  two  other  ethyl  cresols  which  should  be  mentioned. 
These  are  the  so-called  "a-"  and  **i8-"phenol  derivatives  of  />-ethyl- 
methylbenzene,  which  Bayrac^  synthesized  by  fusion  of  the  corresponding 
'*£»-'*  and  ''j5-"sulfonic  adds  with  alkali. 

(a-phenol  derivative) -?-hydroxy-4-ethyl-i-methylbenzene.  B.  p.  222.5- 
226.5°. 

(j8-phenol  derivative) -?-hydroxy-4-ethyl'i-methylbenzene.  B.  p.  219.8- 
220.8°. 

The  sulfonic  adds  were  isolated  by  Bayrac  in  the  form  of  their  corre- 
sponding barium  salts,  from  the  reaction  product,  resulting  from  the 
sulfonation  of  p-ethyl-methylbenzene.  He  did  not  prove  their  consti- 
tution. Only  a  small  difference  in  the  physical  properties  of  his  bariusi 
salts  was  the  basis  for  Bayrac's  asstunption  that  he  had  actually  obtained 
two  different  sulfonic  adds.  Ndther  did  he  establish  the  constitution 
of  his  **«-"  and  **j8-"phenols,  which  in  physical  properties  differed  from 
each  other  only  as  regards  a  few  degrees  in  boiling  point. 

So  far  as  the  writers  have  been  able  to  ascertain,  no  ethyl  or  propyl 
^-cresols  are  listed  either  in  Beilstein's  Handbuch,  or  Richter's  "Lexikoa 
der  Kohlenstctf  verbindungen."  We  have  now  synthesized  two  such 
representatives  of  the  ^-cresol  series,  namely,  2-ethyl-4-methylphenol 
(VII)  and  2-propyl-4-methylphenol  (IX)  by  the  action  of  zinc-amalgam 

1  Ber.,  37,  3994  (1904). 

s/6u2.»47,  51  (1914). 

«  D.  R.  P.  61575- 

^  Bull,  soc.  Mm.,  [3I  i3»  892  (1895). 
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and  hydrochloric  add  on  2-hydroxy-5-methyl-aoetophenone  (VI)  and 
2-hydroxy-5-methyl-propiophenone   (VIII),   respectively. 

These  ketones  have  been  previously  S3aithesized  by  Betteridge^  and 
Auwers^  by  the  action  of  aluminium  chloride  and  acetyl  and  propionyl 
chlorides,  respectively,  upon  the  methyl  ether  of  p-cresol  in  carbon  bi- 
sulfide solution.  We  prepared  these  same  ketones,  modifying  the  above 
procedure  to  the  extent  of  using  petroletun  ether  as  a  solvent  instead  of 
carbon  bisulfide.  The  physical  properties  of  our  compotmds  were  in 
agreement  with  those  of  the  ketones  described  by  Betteridge  and  Auwers. 

Of  interest  regarding  the  acylation  of  the  />-cresol  ethers  was  th^  fact 
that  Betteridge,  using  propionyl  chloride  and  aluminium  chloride  in 
carbon  bisulfide  solution,  obtained  from  the  ethyl  ether  of  ^-cresol,  the 
ethyl  ether  of  propionyl-p-cresol.    The  latter  he  was  obliged  to  demethyl- 
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ate  according  to  Gattermann's^  aliiminittm  chloride  method  in  order 
to  obtain  his  phenol.  We  found  that  on  appl)ring  the  Priedel-Craft  re- 
action in  petroleum-ether  solution,  that  demethylation  took  place  during 
the  course  of 'the  reaction.  We  investigated  both  the  methyl  and  ethyl 
ethers  of  p-cresol  in  the  reaction  with  acetyl  chloride,  and  observed  both 
demethylation  and  de-ethylation  to  occur.  In  fact,  Auwers*  stated  in 
a  later  paper  that  acetyl  ^-cresol  could  be  directly  obtained  from  the 
methyl  ether  of  p-cresol  with  acetyl  chloride.  The  conversion  of  a  phenolic 
ether  into  the  free  phenol  is  not  uncommon  under  the  above-described 
conditions,  although  it  hia^  been  our  experience  that  this  reaction  is  not 
so  liable  to  occur  in  petroletun-ether  solution. 

In  order  to  establish  with  certainty  the  position  which  the  acyl  groups 
occupy  when  substituting  in  p-cresol  we  proceeded  as  follows: 

/>-Cresol  was  first  converted  into  its  allyl  ether  (XI)  and  the  latter 
in  accordance  with  Claisen's'  recent  method  then  rearranged  into  2- 
aUyl-4-methylphenol  (XII)  by  the  application  of  heat.  The  allyl  deriva- 
tive was  then  rearranged  into  its  corresponding  propenyl  derivative 
(XIII)  by  heating  with  aqueous  alkali.  We  observed  that  2- 
propenyl-4-methylphenol  (XIII)  would  easily  reduce  to  2-propyl-4- 
methylphenol  (IX)  with  metallic  sodium  and  alcohol.  The  product 
thus  obtained  was  identical  with  the  product  resulting  from  the  reduction  of 
2-hydroxy'S'^*^iftyl'Cu:etophenone  (VIII)  with  zinc-amalgam  and  hydro- 
chloric acid.  In  sharp  contrast  to  the  behavior  of  2-propenyl-4-methyl- 
phenol  (XIII)  was  the  resistance  of  2-allyl-4-methylphenol  (XII)  to  re- 
duction with  sodium  and  alcohol.  In  fact,  we  were  unable  to  accomplish 
a  reduction  of  this  compound  with  zinc-amalgam,  or  even  hydriodic 
add  and  phosphorus.  This  behavior  is  quite  in  accord  with  the  previously 
observed  resistance  of  o/Z^^Z-substituted  phenols  to  reduction.  In  fact, 
Klages  states*  in  his  article  entitled,  *'lJeber  das  Dihydro  Anethol,"  that— 

"es  bloibt  die  Frage  offen,  ob  allgemdn  in  Benzol-derivaten  die  Gruppe   CH  » 
CH  —  CHs  reduzirbar  ist,  und  stch  in  dieser  Hinsicht  anders  verhalt  als  die  Gruppe 

The  reduction  products  of  both  2-propenyl-4-methylphenol  (XIII) 
and  2-hydroxy-5-methyl-propiophenone  (VIII)  condense  with  phenyl 
isocyanate  giving  the  same  product,  namely,  the  phenyl  urethane  of  2- 
hydroxy-5-methyl-acetophenone  (X).  The  propionyl  group  in  2-hydroxy- 
ymeihyl-propiophenone  is  then  in  the  ortKo  position  in  respect  to  the  hydroxyl 
group. 

Reasoning  from  analogy  we  may  then  assume  the  structure  of  2-hydroxy- 

»  Ber.,  35,  3531  (1892). 
'  Ann.,  364,  164  (1908). 

»/Wd.,  401,44  (1913)- 
^  Ber.,  32,  1436  (1899). 
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5-iiiethyl'acetophenone  (VI)  which  was  smoothly  reduced  to  2-ethyl-4- 
methylphenol  (VII). 

As  a  further  extension  of  the  application  of  zinc-amalgam  as  a  reducing 
agent,  it  has  been  of  interest  to  us,  in  the  light  of  future  investigations, 
to  ascertain  the  reducibility  of  amido  phenyl  ketones. .  We  were  successful 
in  reducing  3-acetylaniido-6-methyl-chloroacetophenone  (XVI)  and  2- 
acetylamido-5-methyl-chloroacetophenone  (XIV)  to  3-ethyl-4-methyl- 
aniline  (XVII)  and  2-ethyl-4-methylaniline  (XV),  respectively.  We 
definitely  established  by  these  reductions  the  constitution  of  the  above 
chloroacetophenones  described  by  Kunckell^  since  2-ethyl-4-methyl- 
aniline  (XV)  has  been  described  by  Willgerodt  and  Brandt*  and  its  con- 
stitution established  by  these  same  investigators. 

The  writers  wish  to  acknowledge  their  indebtedness  to  Prof.  Treat  B. 
Johnson,  at  whose  suggestion  these  experiments  were  undertaken. 

Experimental  Piut. 
a-Hydrozy-s-methyl-acetophenone,  VI.  —  Thirty-five  cc.  of  acetyl 
diloride  were  slowly  added  to  a  solution  of  39  g.  of  the  methyl  ether  of 
^esol  in  200  cc.  of  dry  petroletun  ether.  Twenty-five  grams  of  alumin- 
ium chloride  were  added  as  a  catalyst.  The  mixtture  was  then  heated  for 
30  hours  on  a  steam  bath.  At  this  time  evolution  of  hydrochloric  add 
g^  had  practically  ceased.  The  petroleum  ether  was  then  carefully 
decanted  from  a  dark-colored  residue,  and  the  latter  poured  into  ice  water, 
acidulated  with  hydrochloric  add,  in  order  to  decompose  the  double 
aluminium  compound.  The  solution  was  extracted  with  ether,  and  the 
resulting  ethereal  solution  of  the  phenol  carefully  washed  with  sodium 
carbonate  and  water,  and  then  dried  over  caldtun  chloride.  The  phenol 
was  distilled  at  ordinary  pressture,  sixteen  grams  being  obtained  from  the 
fraction  boiling  at  237-247°.  The  melting  point  was  49°.  The  phenol 
is  quite  soluble  in  the  ordinary  solvents  and  crystallizes  from  80%  alcohol 
in  light  yellow  needles  mdting  at  50°.  Betteridge'  states  that  the  melting 
point  of  his  (7-acetyl-/>-cresol  was  50**. 

Calcd.  for  CfHioOs:  C,  72;  H,  6.66;  found:  C,  71.7;  H,  7.10. 

a*Efh7l-4-methyiphenolt  VIL — ^Thirty-seven  grams  of  2-hydroxy-5- 
methyl  acetophenone  were  suspended  in  300  cc.  of  hydrochloric  add  with. 
120  g.  of  zinc-amalgam.  The  mixture  was  then  boiled  18  hours  on  a 
sand  bath.  The  add  solution  was  extracted  with  ether,  and  the  ethereal 
solution  of  the  phenol  dried  over  caldum  chloride.  After  removal  of  the 
ether,  the  phenol  was  then  purified  by  fractional  distillation  at  ordinary 
pressm-e.     Fifteen  grams  of  a  heavy  oil  were  obtained  boiling  at  2 16-218® . 

*  Ber.,  33,  2646  (1900). 

■  /.  ^afct.  Chem.,  [2]  69,  436  (1904). 

*  Loc,  cU. 
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The  oil  was  light  yellow,  but  assumed  a  much  darker  color  on  exposure 
to  the  air. 

Calc.  for  CpHifO:  C,  79.41;  H,  8.82;  found:  C,  79.72;  H,  8.76. 

Phenyl  Urethane  of  2  -  Ethyl  -  4  -  mefhylphenol,  CsHsNHCOOQHr 

2  4 

(C2H5)(CH8). — ^An  intimate  mixture  of  5  g.  of  2-ethyl-4-methylphenol, 
2.5  g.  of  phenyl  isocyanate,  and  a  small  quantity  of  aluminium  chloride 
(as  a  catalyst)  were  heated  for  16  hoturs  in  a  brine  bath.  Anhydrous 
conditions  were  maintained  throughout  the  heating  period  by  the  use  of 
calcium  chloride  tubes.  The  semisolid  product  was  finally  extracted 
with  ether  from  the  suspended  altuninium  chloride.  After  evaporation 
of  the  ether,  the  dark-colored  residue  was  purified  by  several  crystalli- 
zations from  alcohol.  The  pure  urethane  crystallized  from  this  solvent 
in  colorless  square  plates,  which  melted  at  loi  °.  It  was  soluble  in  benzene, 
alcohol,  and  ether,  but  difficultly  soluble  in  petroleum  ether.   Yield,  2.  g. 

Calc.  for  CmHitOsN:  N,  5.49;  found:  N,  5.66,  5.26. 

2-Hydrozy-5-methylpropiophenone,  Vin. — ^Sixty-five  grams  of  the 
methyl  ether  of  p-cresol  were  dissolved  in  250  cc.  of  petroleum  ether  and 
72  g.  of  aluminium  chloride  suspended  in  the  solution.  The  flask  was 
then  connected  to  a  return  condenser  and  55  g.  of  propionyl  chloride 
slowly  added.  The  solution  was  heated  for  30  hours  in  a  water  bath, 
when  the  petroleum  ether  was  decanted  as  in  the  preparation  of  2-hydroxy- 
5-methyl-acetophenone  and  the  residue  disintegrated  by  potuing  into 
ice-cold  hydrochloric  add.  After  extraction  with  ether,  and  drying 
over  calcium  chloride  the  phenol  was  subjected  to  distillation  under 
diminished  pressure.  Twenty-five  grams  of  2-hydroxy-5-methyl-aceto- 
phenone  (b.  p.  15340 — tn.  p.  2°)  were  thus  obtained.  The  physical  charac- 
teristics of  this  compound  agree  with  those  of  Betteridge's  so-called  0- 
propionyl-/Ka*esol.    It  gave  a  positive  test  with  Millon's  reagent. 

a-Propyl-4-metfaylphenol|    IX. — ^This    compound    was    prepared    by 

the  reduction  of  2-hydroxy-5-methyl-propiophenone  in  accordance  with 

the    following    procedure:  Thirty-two    grams    of    2-hydroxy-5-methyl- 

propiophenone  were  digested  for  18  hours  with  150  g.  of  zinc-amalgam 

and  250  cc.  of  hydrochloric  add.    After  the  usual  extraction  with  ether 

and  dr3ring  over  calcium  chloride,  the  reduced  product  was  distilled  under 

diminished  pressure.    The  fraction  boiling  at   128-13027  analyzed  for 

2-propyl-4-methylphenol.    The  phenol  is  light  yellow  in  color.    It  showed 

no  tendency  to  crystallize  even  upon  long  standing  in  a  freezing  mixture. 

Yidd,  19  g. 

Calc.  for  C10H14O:  C,  80;  H,  9.53;  found:  C,  79.6;  H,  9.21. 

This  compound  was  also  obtained  by  the  reduction  of  2-propenyl-4- 
methylphenol  (XIII).    The  S3mthesis  of  the  latter  as  well  as  the  corre- 
sponding 2-allyl-4-methylphenol  has  been  fully  described  by  Claisen.* 
^  Loc.  cU, 
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We  were  unable  to  accomplish  the  reduction  of  the  allyl  derivative  with 
any  of  the  following  reducing  agents: 

1.  Zinc-amalgam  in  hydrochloric  add. 

2.  Hydriodic  add  and  phosphorus. 

3.  Sodium  or  sodium-amalgam  in  alcohol. 

The  reduction  of  2'propenyU4-inethylphenol  was  carried  out  as  follows: 
Thirty-dght  grams  of  metallic  sodium  were  slowly  added  to  a  boiling 
solution  of  33  g.  of  2-propenyl-4-methylphenol  in  300  cc.  of  absolute 
alcohol.  After  the  sodium  had  completdy  dissolved,  the  alcohol  was 
distilled  off,  and  the  residue  after  solution  in  water  was  addified  with 
dilute  sulfuric  add.  The  separated  oil  was  extracted  with  ether  and  dried 
over  fused  sodium  sulfate.  Upon  distillation  under  diminished  pressure 
26  g.  of  a  light  yellow  oil  were  obtained  boiling  at  130^  at  25  mm.  pressure. 
This  oil  analyzed  for  2-propyl-4-methylphenol.  However,  to  prove  with 
certainty  that  it  was  identical  with  our  previously  prepared  2-propyl-4- 
methylphenol,  we  converted  it  into  its  urethane.  We  again  *  obtained 
the  urethane  of  2-propyl-4-methylphenol,  which  mdted  unchanged  at 
99^  with  the  urethane  obtained  from  the  reduction  product  of  2-hydroxy- 
5-methyl-propiophenone. 

Calc.  for  CnHigOsN:  N,  5.20;  found:  N,  5.12,  5.09. 

Phenylurefluuie  of  a  -  Propyl  -  4  -  mefhylphenoi,   QiHsNHCOOCfHt- 

{CiH7)(CH»). — ^Five  grams  of  2-propyl-4-methylphenol,  2.5  g.  of  phenyl 
isocyanate  and  0.2  g.  of  aluminium  chloride  were  heated  for  12  hours 
onder  carefully  maintained  anhydrous  conditions.  The  resulting  semi- 
solid mass  was  extracted  with  ether.  After  evaporation  of  the  ether, 
a  solid  remained  which  was  triturated  with  ligroin  to  remove  resinous 
natter  and  then  purified  by  several  crystallizations  from  alcohol.  The 
pure  urethane  crystallizes  in  small  needles  which  mdt  at  99°.  It  is 
soluble  in  alcohol,  ether  and  benzene,  but  difficultly  soluble  in  ligroin. 

Calc.   for  CnHifOiN:  N,   5.20;  found:  N,   5.38. 

s 

Phenyiurethane  of  a-Allyl-4-methylphenoli  C<H6NHC00C«Hs(C|H()- 

4 

(CHi). — This  new  urethane  was  prepared  by  heating  an  intimate  mixttu^ 
<rf  2  g.  of  2-allyl-4-methylphenol,  1.6  g.  of  phenyl  isocyamate  and  0.3  g. 
of  aluminium  chloride  at  104**  for  14  hours.  The  reaction  product  was 
dissolved  in  hot  alcohol.  Upon  cooling  the  solution,  the  urethane  sepa- 
rated in  thin  needles  mdting  at  68  ®.  It  is  very  soluble  in  alcohol,  petroleum 
€ther  and  benzene.    The  yield  was  excellent. 

Calc.  for  C17H17O1N:  N,  5.24;  found:  N,  5.30,  5.28. 

3-Eth^4-methylaiiiline|  XVII. — Nineteen  grams  of  3-acetylamido- 
6-iiiethyl-chlQroacetophenone  were  digested  with  70  g.  of  zinc-amalgam 
^d  300  cc.  of  hydrochloric  add  for  16  hours.     After  filtering  from  zinc- 
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amalgam  and  mercury,  the  solution  was  made  distinctly  alkaline  with 
ammonium  hydroxide  and  then  extracted  with  ether.  This  ether  solu- 
tion was  dried  over  sodium  sulfate  and  after  removing  the  ether  in  the 
usual  manner  the  base  was  distilled.  Since  2-ethyl-4-methylaniline  is 
not  stable,  we  immediately  converted  the  base  into  its  sulfiuic  add  salt 
by  solution  in  equal  volumes  of  dilute  stdfuric  acid  and  50%  alcohol. 
A  crystalline  product  separated  upon  standing.  This  product  was  crystal- 
Uzed  twice  from  dilute  alcohol,  out  of  which  it  separated  in  characteristic 
plates  melting  approximately  at  178^.     It  is  soluble  in  alcohol  and  ether. 

Yield,  4  g. 

Calc.  for  (C9HuN)sHsS04:  N,  7.609;  found:  7.5061  7.72. 

2-Ethyl-4-meth7laii]li]ie9  XIV. — ^This  compound  was  previously  syn- 
thesized by  Willgerodt  and  Brandt^  by  the  action  of  molecular  quantities 
of  f-tolmdine,  ethyl  alcohol  and  zinc-chloride  at  280°.  The  writers 
obtained  this  same  amine  by  the  reduction  of  2-acetylamido-5-methyl- 
chloroacetophenone  with  zinc-amalgam  and  hydrochloric  add.  The 
procedure  followed  in  this  reduction  was  similar  to  that  employed  in  the 
reduction  of  3-acetylamido-6-methyl-chloroacetophenone.  The  product 
of  the  reaction  was  an  oil  which  distilled  at  217-220°.  Willgerodt  and 
Brandt  assign  a  boiling  point  of  218-220°  to  their  compotmd.  Owing 
to  the  instability  of  the  base,  it  was  converted  into  its  sulfuric  add  salt 
by  solution  in  50%  alcohol  and  sulfuric  add.  The  salt  soon  separated 
in  characteristic  platy  crystals  melting  at  241  °.  The  physical  and  chemical 
properties  of  this  sulfate  are  entirely  in  accord  with  those  of  the  sulfate 
described  by  Willgerodt  and  Brandt. 

Calc.  for  (C»HitN)tH2S04:  N,  7.608;  found:  N,  7.60,  7.55. 
Nbw  Havvn,  Coxm. 
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OF  ^-TYROSINE.* 

By  Tksat  B.  Johnson  and  Waltbr  M.  Scott. 
Received  June  8,  1915. 

It  has  already  been  demonstrated  that  the  hydantoin-tnethod  of  syn- 
thesizing a-amino  adds  is  one  of  quite  general  application.  In  fact, 
the  results  obtained  thus  far,  and  discussed  in  previous  papers  from  this 
laboratory,  show  that  the  methylene  radical  of  the  polypeptide  grouping — 
NH.CH2.CC) — ^in  a  hydantoin  is  as  reactive  towards  the  aldehyde  group 
as  is  the  same  combination  in  the  hippuric  add  molecule  C«H*CONHCHr 

1  /.  prakt.  Chem.,  [2]  69,  436  (1904). 

*  Part  of  a  dissertation  presented  by  Mr.  Walter  Moody  Scott  to  the  Faculty  of 
the  Graduate  School  of  Yale  University,  1915,  in  Candidacy  for  the  Degree  of  Doctor 
of  Philosophy. 
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COOH.  Twelve  aldehydes  have  thus  far  been  included  in  our  researches, 
of  which  every  one  has  interacted  smoothly  with  hydantoin  or  2-thio- 
hydantoins  with  formation  of  the  corresponding  condensation  products. 
The  choice  of  aldehydes,  however,  has  purposely  been  confined  to  repre- 
sentatives of  the  aromatic  series.  The  only  possible  exception  is  that 
of  dnnamic  aldehyde,  which  may  be  viewed  either  as  an  aromatic  or  an 
aliphatic  representative.  Attempts  are  now  being  made  to  apply  our 
method  of  a-amino  acid  synthesis  with  aliphatic  aldehydes.  In  order  to 
obtain  still  further  evidence  of  the  utility  of  our  method  we  deemed  it 
desirable,  for  several  reasons,  to  demonstrate  its  application  for  the  syn- 
thesis of  o-tyrosine  from  salicylic  aldehyde.  This  has  now  been  accom- 
plished and  likewise  the  complete  synthesis  of  the  methyl  ether  of  o- 
tyrosine  from  methyl  salicylic  aldehyde.  A  complete  description  of  these 
two  syntheses  is  now  recorded  in  this  paper. 

That  salicylic  aldehyde  will  condense  with  hippuric  acid  in  the  presence 
of  acetic  anhydride  was  first  observed  by  Plochl  and  Wolf  rum.  ^  They 
represented  the  condensation  product  as  an  anhydride,  corresponding 
to  Formula  I,  which  was  converted  on  hydrolysis  into  a  benzoylimido- 
cumarin  represented  by  Formula  II.  Rebuff at^  later  appUed  the  same 
reaction  and  apparently  obtained  the  same  products  as  described  by  Plochl 
and  Wolfrum.  He  assigned,  however,  to  his  primary  condensation 
product  the  structural  formula  III.     Both  of  these  interpretations  were, 

(N.COCH.        \  N.COCOIi 

/\  )o  /\ 

HOaH4.CH.CH  .  CO       /f  CtH4.CH.CH.CO 

I o 1 

(I).  (II). 

HO.C.H4CH.CH— N.COCeHj 

i       I    / 
OH  CO 

(III). 

however,  shown  to  be  incorrect.  The  true  explanation  of  the  nature  of 
these  aldehyde  condensation  products  was  given  by  Erlenmeyer,  Jr.,  in 
a  series  of  papers  published  several  years  later.'  Erlenmeyer  and  Stadlin* 
showed  that  salicylic  aldehyde,  for  example,  condenses  normally  with 
hippuric  acid  giving  first  the  unsaturated  acid  IV,  which  they  assumed 
was  capable  of  existing  in  two  stereoisomeric  modifications  as  represented 
by  Formulas  V  and  VI.  In  the  presence  of  the  acetic  anhydride  these 
t^'o  adds  then  imderwent  further  characteristic  changes.    The  acid  (V) 

*B«r.,  18,  1 183  (1885). 
«  Gqz.,  19,  43  (1889). 

*i4nn.,  271,  137  (1892);  275,  I  (1893);  Erlenmeyer  and  Stadlin,  Ihid.y  237,  265, 
383;  Erlenmeyer  and  Arbenz,  Ibid.,  337,  302  (1904). 
^Uc.cit. 
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H.C. 


C(NHCOC«H*)COOH 

(IV). 


\ 


H 


cO 


OH 


HOOC.C— NH— COCJEIi 

(VI). 


CtH,CO.NH.C.CXX>H 

(V). 

was  transformed  into  a  colorless  benzoylaminocumarin  (VII),  which 
was  identical  with  Plochl  and  Wolfnim's  bemoylimidocufnarin,  while  its 
stereoisomer  (VI)  tmderwent  acetylation  and  finally  an  inner  conden- 
sation, giving  the  azlactimide  corresponding  to  Formula  VIII. 


LCOCH, 


H  -  CNHCOCJI* 


C— N  -  C.C«Hi 


CO- 


(VII).  (vin). 

In  1908,  Blum^  repeated  this  work  of  Erlenmeyer  and  Stadlin's  and 
converted  the  azlactimide  (VIII),  by  hydrolysis  with  alkali,  into  the 
acrylic  add  (IX).  The  latter,  on  reduction  with  sodium  amalgam,  was 
then  transformed  into  the  add  (X),  which  was  converted  into  o-tyrosint 

r\)H  fNoH 


L   yCH  =  C(NHCOC«Hi)COOH 

(IX). 

/NOH 


'y    JCHtCH  (NHCOCeH,)COOH 

(X). 


\y 


JCH,CH(NH,)CCX)H 

(XI). 

(XI),  by  hydrolysis  with  hydrochloric  add.    This  is  the  only  method  of 

synthesizing  this  acid,  which  has  hitherto  been  described  in  the  literature. 

The  starting  point  in  our  S3mthesis  of  o-tyrosine  was  2-thiohydantoiii 

NH.CS.NH.CHs.CO,  which  is  now  an  easily  obtainable  reagent  if  glycocoll 

is  available.  If  glycocoll  is  not  available  any  acyl  derivative  of  this 
amino  add,  as  hippuric  add,  will  serve  for  its  preparation.  Several 
hundred  grams  of  the  reagent  have  been  prepared  in  this  laboratory  during 
the  progress  of  otu*  hydantoin  researches.  This  thiohydantoin  was  se- 
lected for  our  investigation  after  we  had  made  the  observation  that  hy- 
dantoin does  not  react  smoothly  with  salicylic  aldehyde  to  give  the  corre- 
^  Arch,  Exp.  Pathol,  u,  Pharm.,  59,  273  (1908). 
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spoading  condensation  product,  namdy,  hydroxybenzalhydantoin  (XV). 
On  the  other  hand,  2-thiohydantoin  and  salicylic  aldehyde  interact  smooth- 
ly, when  heated  together  in  acetic  add  solution  and  in  the  presence  of 
fused  sodium  acetate,  giving  an  excellent  yield  of  the  2-thio-4-hydroxy- 
benzalhydantoin  (XVI).  The  hydantoin  (XV),  which  theoretically  should 
be  formed  by  condensation  of  hydantoin  with  salicylic  aldehyde,  is  obtained 
in  almost  a  quantitative  yield  by  desulfurization.Of  this  thiohydantoin 
(XVI),  by  digesting  with  chloroacetic  add. 

The  thiohydantoin  (XVI)  undergoes  reduction  normally  by  the  action 
of  sodimn  amalgam  in  an  alkaline  solution,  forming  the  corresponding 
saturated  derivative — 2-thio-4-hydroxybenzyihydantion  (XIV).  When 
the  latter  compound  was  digested  with  chloroacetic  add  it  was  converted 
smoothly  into  the  hydantoin  of  ^-t}rrosine  (XIII).  This  same  hydantoin 
(XIII)  is  also  found  by  reducing  the  hydroxybenzalhydantoin  (XV)  with 
sodium  amalgam.  In  fact,  we  found  that  the  best  method  for  preparing 
this  hydantoin  (XIII)  in  quantity  is  to  first  desulftuize  the  original  thio- 
hydantoin (XVI)  with  formation  of  the  hydantoin  (XV)  and  then  to  sub- 
ject this  to  reduction  with  soditun  amalgam.  By  proceeding  in  the 
reverse  manner,  namely,  by  reduction  to  the  hydantoin  (XIV)  and  then 
desulfurizing  this  with  chloroacetic  add,  a  much  poorer  yidd  is  obtained. 
By  long  digestion  of  the  hydantoin  (XIII)  with  an  excess  of  barium- 
hydroxide  solution  a  good  )deld  of  o-tyrosme  is  obtained  with  evolution 
of  ammonia  and  formation  of  barium  carbonate.  A  description  of  the 
properties  of  this  acid  is  given  in  the  experimental  part  of  this  paper. 

In  order  to  synthesize  the  methyl  ether  of  t?-tyrosine  (XXIII)  we  first 
prepared  the  methyl  ether  of  salicylic  aldehyde  according  to  the  method 
(rf  Voswinckd.  ^  Here  again  we  made  the  observation  that  2-thiohydantoin 
showed  a  greater  tendency  to  interact  with  this  aldehyde  than  did  plain 
hydantoin.  The  condensation  product  (XVII)  could  be  obtained  by 
interaction  of  the  aldehyde  and  hydantoin,  but  the  yield  was  small.  On 
the  other  hand,  2-thiohydantoin  and  methylsalicylic  aldehyde  combined 
to  give  an  excellent  yield  of  2-thio-4-methoxybenzalhydantoin  (XIX). 
This  hydantoin  is  easily  converted  into  the  hydantoin  (XVII)  when 
digested  with  chloroacetic  acid. 

While  2-thio-4-methoxybenzalhydantoin  (XIX)  undergoes  reduction 
with  sodium  amalgam,  in  the  usual  manner,  forming  the  hydantoin  (XXII), 
on  the  other  hand,  the  hydantoin  (XVII)  is  reduced  abnormally  by  the 
same  reagent,  giving  the  hydantoic  add  (XX).  This  new  add  is  converted 
smoothly  into  the  normal  hydantoin  (XXI),  by  digesting  with  concen- 
trated hydrochloric  acid.  The  o-methoxyphenylalanine  (XXIII)  is  easily 
obtained  by  hydrolysis  of  the  hydantoin  (XXI)  or  its  corresponding 

^  Ber„  15,  2024  (18S2). 
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add  (XX)  with  barium  hydroxide.    A  description  of  this  add  is  given 
in  the  experimental  part  of  this  paper. 

Johnson  and  Nicolet's^  thiohydantoin  reaction  can  be  applied  success- 
fully with  this  amino  add.  It  reacted  normally  with  ammonium  thio- 
cyanate  in  acetic  anhydride  solution,  giving  smoothly  the  2-thio-3-acetyl- 
4-methoxybenzylhydantoin  represented  by  Formula  XXIV.    When  this 


/ 


H 

CH,CH(NH0COOH 
(XI). 


NH— CO 


NH— CO 


CO 

I 
NH— CHCH,CfH40H 

I  (XIII). 
NH— CO 


CS 


NH— CHCHgCiIW)H 
(XIV). 


t 


NH— CO 


CO 


NH— C:CHC6H40H 

t 


H 


CHO 

(XII). 


CS 


NH— C:CHC6H40H 


(XV). 

NH-<:o 

•I 

CO 


(XVI). 

NH— CO 


NH— C :  CHC«H40CH, 
(XVII). 


t 


CHr 


CHO 
(XVIII). 


CS 


NH— C :  CHCai40CH» 

(xrx). 


J 


NH,    COOH 


CO 


NH— CO 

I 
CO 


NH— CO 

I 
CS 


NH— CHCH,CeH40CH,      NH— CHCH,C6H40CH,        NH— CHCHrf:iH40CH» 

(XX).  (XXI).  yf    (XXII). 


i 


NH— CO 


CS 


CH, 


CH,CH(NHj)COOH  CH,CO— N CHCH,CeH40CH| 

(XXIII).  (XXIV). 

»  Tms  JouRNAi.,  33,  1973  (191 1). 
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was  warmed  with  hydrochloric  add  it  underwent  hydrolysis  with  f onnation 
of    2-thio-4-methoxyben2ylhydantoin    (XXII).    The    various    changes 
involved  in  the  synthesis  of  these  two  a-amino  adds  are  represented  by 
the  preceding  structural  formulas. 
Our  researches  on  hydantoins  wiU  be  continued. 

Eipeximental  Part. 

The  2-thiohydantoin,  which  was  used  in  this  investigation,  was  pre- 
pared according  to  the  method  of  Johnson  and  NicoletS  namdy:  by  the 
action  of  ammonium  thiocyanate  on  hippuric  add  in  the  presence  of 
acetic  anhydride. 

>-Thio-4-o-hydroz7beiizalhydantoin  (XVI). — ^This  hydantoin  is  ob- 
tained in  nearly  a  quantitative  yidd  by  condensing  salicylic  aldehyde 
(XII)  with  2-thiohydantoin.  Thirty  grams  of  the  hydantoin^  37.5  g. 
of  saficylic  aldehyde,  90  g.  of  fused  sodium  acetate  and  230  cc.  of  gladal 
acetic  add  were  heated  together  in  an  oil  bath  for  4  hours  at  140-15^^. 
While  the  reaction  mixture  was  still  hot,  it  was  then  poured  into  a  large 
vdume  of  cold  water,  whereupon  the  above  hydantoin  separated  im- 
mediatdy.  After  complete  disintegration,  to  remove  sodium  acetate, 
the  crude  hydantoin  was  then  separated  by  filtration  and  purified  by 
crystallization  from  hot,  gladal  acetic  add.  It  separated  from  this 
sdvent,  on  cooling,  in  small  dusters  of  radiating  needles  which  melted 
at  248  ^ 

Calc.  for  CioHsiDiNsS:  N,  12.72.     Pound:  N,  12.86,  12.6a 

Desulforization  of  2-Tliio-4-(7-h7drozybenzalh7dantoin  with  Forma- 
tion of  4-e>-H7drozybenzalhydantoin  (XV). — Fifty  grams  of  the  thio- 
hydantoin,  150  g.  of  monochloroacetic  add  and  400  cc.  of  water  were 
]daced  in  a  flask  and  the  mixture  then  digested  in  an  oil  bath  for  2  hotu's 
at  140-150®.  Owing  to  the  insolubility  of  both  the  thio-  and  oxyhy- 
dantoins  a  dear  solution  was  never  obtained.  However,  even  under 
such  conditions  the  sulfur  was  displaced  smoothly  and  an  80%  yidd  of 
the  hydantoin  was  obtained.  After  the  reaction  was  complete  the  ben- 
zalhydantoin  was  separated  by  filtration,  washed  thoroughly  with  water 
and  then  purified  by  crystallization  from  a  large  volume  of  alcohol.  It  was 
difficdtly  soluble  in  this  solvent  and  separated,  on  cooling,  in  the  form  of 
short  needles  which  melted  at  271°  with' decomposition. 

Calc.  for  CioHgOsNt:  N,  13.72.     Pound:  N,   13.57,  13-87. 

Attempts  were  made  to  prepare  this  new  hydantoin  directly  by  con- 
densing salicyhc  aldehyde  with  hydantoin.  The  reaction  was  applied 
^  digesting  the  reagents  in  acetic  add  solution  in  the  presence  of  anhy- 
drous  sodium  acetate  and  also  in  the  presence  of  acetic  anhydride.  In 
no  case,  however,  did  we  observe  a  smooth  formation  of  the  hydantoin. 
This  marked  diflference  in  reactivity  of  hydantoin  and  thiohydantoin  has 
^Loc.cU. 
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•^'Av^  "-<u:tically  a  colorless  solution 

?^>^«Oi34^  "-  •  •  ^^'e  mercury  and  addi- 

^^Pweaat     jf>^      '  -  -^rally  no  predpi- 

''^^  ''  ^  '"^njliowever^ 

"^i^f^  .idition.     It 

J. 
Jydrozide»    o- 

conversion   into 

^._  lantoin  with  strong 

i  king  with  7  g.  of  the 

>  sis  was  complete  after 

mo  acid  the  barium  was 

o  colorless  solution  of  the 

iC  (^-tyrosine  then  separated 

ives  with  diflSculty  in  water 

1  only  on  long  standing.     Our 

L  water  and  then  allow  the  solu- 

.^^  .   vacuum  over  concentrated  sul- 

.  as  obtained  nearly  colorless  and  in 

^ave  Millon*s  test  and  also  a  violet 

allowed  to  interact  with  ferric  chloride. 

.<1  a  melting  point  of  249-250°.     It  was 

IS  an  indefinite  decomposition  point.     If 

it  underwent  a  noticeable  change  at  about 

icTvescence  and  forming  an  oil  which  solidi- 

stance  did  not  tmdergo  ftuther  change  until 

.h  was  raised  to  270®  when  it  finally  melted  to 

c  of  primary  decomposition  was  indefinite  de- 

iieating.     If  heated  rapidly  there  was  no  evidence 

>ut  the  substance  decomposed  at  247-250°.     It  is 

>sine  tmdergoes  an  inner  condensation  on  melting 

cule  of  .water. 

.  for  C»HiiO|N:  N,  7.73.     Found:  N,  7.72. 

.e  of  o-Tyrosine. — Crystallizes  from  dilute  hydrochloric 
Jic  crystals  which  decompose  at  180°. 
Calc.  for  C»HiiOjNCl:  N,  6.44.    Found:  N,  6.39,  6.53, 

;  Isalicylic  aldehyde  (XVIII)  which  was  used  in  the  following 
repared  according  to  the  directions  of  Voswinckel^  by  alkylation 
aldehyde  (XII)  with  methyl  iodide  in  the  presence  of  sodium 

le. 
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From  20  g.  of  salicylic  aldehyde  we  obtained  17.5  g.  of  its  meth^ 
ether  boiling  at  236-240°.  Voswinckel  assigned  to  the  oil  a  boiling  point 
of  238^. 

Condensation  of  Methylsalicylic  Aldehyde  with  2-Thiohydantoin. 

2-Thio-4-cHmethoxybenzalhydantoin  (XIX). — The  following  proportions 
were  taken  for  the  preparation  of  this  compound:  10.3  g.  of  thiohydantoin, 
12  g.  of  the  aldehyde,  30  g.  of  fused  sodium  acetate  and  75  cc.  of  glacial 
acetic  acid.  This  mixture  was  then  heated  in  an  oil  bath  at  140-150** 
for  6  hours,  when  it  was  poiwed  while  warm  into  a  large  volume  of  cdd 
water.  The  thiohydantoin  separated  at  once  in  a  crystalline  condition. 
The  yield  was  20.5  g.  which  was  almost  equal  to  the  theoretical  amount 
The  hydantoin  was  purified  by  crystallization  from  alcohol  and  melted 
at  227**  to  an  oil.    It  crystallized  in  the  form  of  needles. 

Calc.  for  CiiHioOsNtS:  N,  ix.96.     Pound:  N,  11.82,  11. 91. 

Condensation  of  Methylsalicylic  Aldehyde  with  Hydantoin. 

4-^a-Methozybenzalhydantoin  (XVII).  —  The  following  proportions 
were  taken  for  the  preparation  of  this  hydantoin:  2.5  g.  of  hydantoin, 
3.5  g.  of  the  aldehyde,  7.5  g.  of  sodium  acetate  and  25  cc.  of  glacial  acetic 
acid.  This  mixtiu-e  was  then  heated  at  130-140**  for  4  hours  when  a 
clear  solution  was  obtained,  which  solidified  on  cooling.  This  product 
was  then  dissolved  in  a  small  volume  of  hot  water  and  the  solution  cooled 
when  the  above  hydantoin  separated.  The  yield  was  only  2.2  g.  It 
was  purified  by  crystallization  from  alcohol  and  melted  at  178**. 

A  75%  yield  of  this  same  hydantoin  is  obtained  by  desulfurization 
of  2-thio-4-(?-methoxybenzalhydantoin  (XIX).  Eight  grams  of  the 
thiohydantoin  were  digested  with  16.3  g.  of  chloroacetic  acid  and  50  cc. 
of  water  for  4  hoiU"s  at  130-140°.  A  clear  solution  was  obtained  from 
which  the  above  hydantoin  immediately  separated  on  cooling.  It  crystal- 
lized from  95%  alcohol  in  long,  slender  prisms  or  needles  which  melted 
at  178^  to  an  oil. 

Calc.  forCiiHioOiNt:  N,  12.84.     Found:  N,  12.81,  12.91. 

Reduction  of  4-0-Methoxybenzalhydantoin  with  Sodium  Amalgam. 

o-Methozybenzylhydantoic  Acid  (XX). — One  hundred  and  seventy- 
five  cubic  centimeters  of  a  10%  solution  of  sodium  hydroxide  were  mixed 
with  300  cc.  of  water  and  30  g.  of  the  above  hydantoin  dissolved  in  the 
solution  with  the  aid  of  heat.  If  this  solution  was  cooled  after  complete 
solution  of  the  hydantoin  its  sodium  salt  separated  immediately  in  color- 
less crystals.  In  order  to  keep  this  salt  in  solution  the  latter  was  heated 
to  80-90°  and  then  600  g.  of  3%  amalgam  slowly  added.  After  the  final 
addition  of  amalgam  the  solution  was  then  warmed  for  3-4  hours  and 
finally  acidified  with  dilute  hydrochloric  acid.  There  was  an  immediate 
precipitation  of  the  hydantoic  acid.     The  jrield  was  29  g.     This  new  add 
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oystallized  from  alcohol  in  rectangular  prisms  which  melted  at  189^ 
idth  eflfervescence. 

Calc.  forCuHuOiNi:  N,  11.76.     Pound:  N,  11.87,  11.64. 

4-o-Methoz7benzylh7dantoin  (XXI). — ^The  29  g.  of  the  hydantoic 
^d  from  the  preceding  experiment  were  converted  into  this  hydantoin 
by  warming  with  dilute  hydrochloric  add.  The  hydantoic  acid  dissolved 
in  this  solvent  on  warming,  but  as  the  heating  *was  continued  the  hydan- 
toin finally  deposited  from  the  hot  solution.  The  hydantoin  is  practically 
insoluble  in  cold  hydrochloric  acid.  It  is  easily  piu'ified  by  crystalliza- 
tion from  alcohol  and  separates  from  this  solvent  in  prisms  which  melt  at 
j86®  to  an  oil.    The  yield  was  quantitative. 

Calc.  forCuHiiOiNi:  N,  12.73.     Pound:  N,  12.57, 12.68. 

OCHa 

o-Methoxyphenylalanine,   <(^^^CHj.CH(NH2)C00H.  — This  amino 

add  is  easily  obtained  by  hydrolysis  of  the  above  hydantoic  add  or  the 

hydantoin  (XXI),  with  strong  barium  hydroxide  solution.     Our  procedure 

was  practically  the  same  as  that  appUed  in  the  preparation  of  o-tyrosine 

from  its  hydantoin.     From  7.5  g.  of  the  hydantoic  acid  we  obtained  4 

g.  of  the  a-amino  add.   It  was  purified  by  crystaUilation  from  hot  water 

and  separated  in  rosettes  of  needles.    The  acid  melted  at  206°  with 

effervescence. 

Calc.  for  CioHuOtN:  N,  7.18.     Pound:  N,  7.21,  7.14. 

Condensation  of  o-Methozyphenylalanine  with  Ammonium  Thiocyanate 

in  Acetic  Anhydride  Solution. 

2-Tliio-3-acetyi-4-o-methoxybenzyUiydantoin  (XXIV). — ^This  hydan- 
toin is  easily  obtained  by  warming  1.5  g.  of  the  a-amino  add  and  0.7  g. 
of  dry  ammonitmi  thiocyanate  with  8  cc.  of  acetic  anhydride  and  i  cc. 
of  glacial  acetic  add  for  30  minutes  at  100^.  On  potuing  the  resulting 
solution  into  water  the  hydantoin  separated  immediately.  The  yield 
was  excellent.  The  hydantoin  was  purified  by  crystallization  from 
alcohol  and  mdted  at  168°. 

Calc.  for  CiiHuOsNsS:  N,  10.07.     Pound:  N,  10.05. 

2-Thio-4-a-lDiethox7benzylhydantoin  (XXII). — ^A  quantitative  yield 
of  this  compound  was  obtained  by  hydrolysis  of  the  preceding  hydan- 
toin with  hydrodiloric  add.  It  was  purified  for  analysis  by  crystallization 
from  alcohol  and  mdted  at  190°. 

■ 

This  same  2-thiohydantoin  was  also  obtained  by  reduction  of  the 
above  2-thio-4-a-methoxybenzalhydantoin  (XIX)  with  sodium  amalgam. 
This  was  accomplished  by  dissolving  5  g.  of  the  thiohydantoin  in  dilute 
alkali  and  then  reducing  with  100  g.  of  sodium  amalgam  at  70-80°.  When 
the  reduction  was  complete  the  solution  was  then  acidified  with  hydro- 
chloric add  when  an  oil  separated  which  soon  solidified.     This  substance 
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was  then  warmed  with  an  excess  of  hydrochloric  add  to  convert  any 
hydantoic  add  present  into  hydantoin  and  then  finally  purified  by  crystal- 
lization from  alcohol.     It  melted  at  190^. 

Calc.  for  CiiHuOjN2S:  N,  11.86.    Found:  N,  11.80. 
N9W  Havbn,  Conn. 
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RESEARCHES  ON  HTDANTOINS.    XXXH.    SYNTHESIS  OF  THE 
HYDANTOIN  OF  2-HYDROXY-S-AMINOPHENYLALANINE.1 

Bt  Tksat  B.  Johnson  and  Waltsk  M.  Scott. 
Reoetved  June  11.  1915. 

The  hydantoins  of  aminophenylaJanine  derivatives  have  become  of 
espedal  interest  to  us  because  it  now  seems  very  probable  that  they  wilt 
find  application  for  the  synthesis  of  a-amino  acids  of  biochemical  interest^ 
which  it  is  now  practically  impossible  to  prepare  easily  by  other  methods. 
They  should  be  valuable  for  operations  where  it  is  desired  to  introduce 
groups  into  the  benzene  nudeus  by  application  of  the  diazo  reaction,, 
because  the  basic  influence  of  the  a-amino  group  of  the  add  is  completdy 
neutralized  in  such  combinations.  Fiulhermore,  it  has  been  our  experience 
that  the  incorporation  of  the  hydantoin  nudeus  tends  to  bestow  physical 
properties  which  are  very  essential  for  synthetical  work.  Such  cyclic 
combinations  should  be  especially  valuable  for  devdoping  methods  of 
synthesizing  new,  isomeric  halogen  derivatives  of  phenylalanine  and  tyro- 
sine. The  iodine  derivatives  of  these  two  adds  are  of  spedal  physiological 
interest  at  the  present  time.  Investigations  deaUng  with  methods  of 
synthesis,  and  other  phases  of  these  interesting  problems  are  now  in  prog- 
ress in  this  laboratory. 

The  only  aminohydantoin  derivatives  of  phenylalanine  or  tyrosine 
which  have  hitherto  been  available  for  synthetical  work  are  the  hydantoins 
of  3-aminotyrosine  (III),  and  its  corresponding  methyl  ether  (II),  which 
have  been  described  by  Johnson  and  Bengis^  in  a  previous  paper  from 
this  laboratory.  They  were  prepared  by  the  reduction  of  3-nitro-4- 
methoxybenzalhydantoin  (I)  with  hydriodic  add,  and  tin  and  hydrochloric 
acid,  respectively.  Johnson  and  Bengis  employed  the  hydantoin  (II), 
for  the  synthesis  of  monobromotyrosine  (V).*  This  was  accomplished 
by  diazotization  of  the  amino  group  and  by  subsequent  introduction  of 
bromine  into  the  benzene  ring  in  the  usual  manner.  On  subjecting  the 
resulting     bromohydantoin     to     hydrolysis     3-bromo-4-methox5rphenyl- 

>  Part  of  a  dissertation  presented  by  Mr.  Walter  M.  Scott  to  the  Faculty  of  the 
Graduate  Sdiool  of  Yale  University,  1915,  in  candidacy  for  the  Degree  of  Doctor  ot 
Philosophy. 

*  This  Journal,  34,  1054  (19x2). 

*  Ibid.,  34,  1061  (1912). 
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alanine   (IV)  was  formed.    This  was  then  converted  into  monobromo- 
tyrosine  (V)  by  warming  with  hydriodic  acid. 

NH— CO  NH-k:o 


CO 


CO 


NH— C:Ch/^>OCH,,  NH— CHCH,<^     y>OCH,, 

NOi  NH, 

(I).  (11). 

NH— CO 

I 
CO 


NH— CHCH»/^^H,  CH80<^^^^CH,CH(NH,)C^ 

NHj  Br 

(III).  (IV). 

Ho/^)>CHj.CH  (NH,)COOH. 

Br 

(V). 

Isomeric  with  the  hydantoin  of  aminotyrosine  (III),  is  the  hydantoin 
of  2-hydroxy-5-aminophenylalanine  which  is  represented  by  Formula 
XrV,  and  which  was  miknown  at  the  time  we  began  om*  investigation. 
The  starting  point  for  its  synthesis  was  2-hydroxy-5-nitrobenzaldehyde 
(VII),  which  was  prepared  according  to  the  method  described  by  Miller/ 
namely,  by  nitration  of  salicylic  aldehyde  (VI).  The  isomeric  2-hydroxy- 
3-nitrobenzaldehyde,  which  is  also  one  of  the  products  of  this  reaction, 
willbe  of  value  for  further  syntheses.  When  this  nitroaldehyde  (VII)  was 
digested  with  2-thiohydantoin  in  acetic  acid  solution  and  in  the  presence 
of  sodium  acetate,  a  normal  condensation  was  easily  effected  and  practi- 
cally a  quantitative  yield  of  2-thio-4-(2-hydroxy-5-nitrobenzal)-hydantoin 
(VIII)  was  obtained.  By  heating  this  thio  compound  with  chloroacetic 
acid  in  aqueous  solution  the  sulfur  was  quantitatively  replaced  by  oxygen 
and  the  corresponding  hydantoin  represented  by  Formula  XI  was  formed. 
The  last  step  in  the  synthesis  was  accomplished  by  digestion  of  the  nitro- 
hydantoin  (XI)  with  tin  and  hydrochloric  acid.  The  reduction  proceeded 
normally  and  after  removal  of  the  tin  the  aminohydantoin  (XIV)  was 
isolated  in  the  form  of  its  hydrochloric  add  salt.  When  this  hydro- 
chloride was  treated  in  aqueous  solution  with  the  required  amount  of 
sodium  nitrite  it  was  transformed  normally  into  its  diazonium  derivative. 
This  separated  in  a  crystalline  condition  and  was  insoluble  in  cold  water. 
On  warming  with  water,  however,  nitrogen  was  evolved  and  an  excellent 

^Bo-.,  20,  1928  (1886). 
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yield  of  the  hydantoin  of  2,5-dihydroxyphenylalanine  (XVII)  was  ob- 
tained. 

The  a-amino  acid-2,5>dihydroxyphenylalanine  (hydrochinonalanine) 
(XVI)  has  never  been  synthesized,  and  if  known  would  undoubtedly 
be  an  unstable  substance.  Especial  biochemical  interest  attaches  to  this 
compound,  however,  due  to  the  possibility  of  its  actually  functionating: 
as  an  intermediate  product  in  the  formation  of  homogentisic  acid  from 
tyrosine  and  phenylalanine  in  cases  of  alcaptonuria.  In  fact,  Neubauer 
first  gave  expression  to  the  possibility  of  such  an  intermediate  add  being 
involved  in  such  transformations,  when,  in  his  paper  entitled — ^**th)er 
den  Abbau  der  Aminosam-en  im  gesunden  tmd  kranken  Organismus,"* 
he  wrote  as  follows:^ 

" —  es  wurde  da  das  Phenylalan  in  zunachst  in  gewohnliches  ^Tyrosin  iibergefaenr. 
es  ware  mOglich,  dass  dann  sofort  die  ChinonbUdung  und  die  Umlagemng  in  d^  Hydro- 
chinonderivat  stattfindet;  jedenfalls  ware  es  von  Inter  esse,  das  noch  unbekannte  Hydro- 

OH 


Jn<Q> 


chinonalanin  <         ^CHs.CH(NHi)COOH,  das  dabei  entstehen  miisste,  auf  aein  Ver- 

OH 
halten  beim  Alkaptonuriker  zu  unterBucfaen." 

Attempts  to  prepare  this  a-amino  add  (XVI)  from  its  corresponding 
hydantoin  pSlVII)  have  so  far  been  unsuccessful.  The  hydantoin  (XVII)' 
is  extremdy  unstable  and  it  was  practically  impossible  to  obtain  it  infa. 
colorless  condition.  It  was  subjected  to  hydrolysis  with  barium  hydroxide 
and  also  sulfuric  acid  imder  pressure,  but,  by  both  procediu*es,  we  obtained 
only  an  amorphous  product  possessing  indefinite  properties.  The  sub- 
stance  obtained  gave  Millon's  reaction,  but  no  definite  combinations  with 
picric  or  picrolonic  adds,  mercury  chloride  or  platinum  chloride  could, 
be  obtained,  which  would  justify  a  conclusion  that  we  were  dealing  with. 
&  definite  compound.  It  now  appears  from  our  experience  with  the 
hydantoin  that  the  most  feasible  way  of  preparing  the  dmino  add  (XVI)* 
will  be  to  synthesize  its  corresponding  dimethyl  ether,  which  should  be  a 
stable  compound,  and  then  convert  this  into  the  amino  acid  by  demethyla- 
tion  under  spedal  conditions.  Further  work  on  this  problem  is  now  in 
progress. 

In  connection  with  our  work  on  methods  of  preparing  the  hydantoins 
of  2,5-dihydroxyphenylalanine  (XVII),  we  also  investigated  the  action 
of  gentisinic  aldehyde  (IX)  on  2-thiohydantoin.  These  reagents  inter- 
acted  normally  when  heated  together  in  acetic  add  solution  and  in  the- 
presence  of  sodium  acetate,  giving  the  corresponding  condensation  product 
represented  by  Formula  XII.  On'  digesting  this  with  chloroacetic  add 
in  aqueous  solution  it  was  converted  smoothly  into  the  hydantoin  (XV). 
This  was  a  very  insoluble  compound  and  possessed  no  definite  mdting: 
*  Deutsch.  Archiv.f.  KUn.  Med,,  95,  211  (1908). 
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point  An  attempt  to  convert  it  into  the  hydantoin  pCVII)  by  reduction 

with  sodium  amalgam  was  unsuccessful  because  of  its  great  instability  in 

alkaline  solution.     The  azolactone    (XVIII)   obtained   by   condensing 

gentisinic  aldehyde  (IX)  with  hippuric  acid  was  also  observed  by  Neu- 

bauer  and  Platow^  to  be  an  extremely  unstable  compound.    The  various 

dianges  discussed  in  the  previous  pages  are  represented  by  the  following 

structural  formulas: 

NH— CO 

CHO 

(VII). 


CHO 
|(VI). 

■Oh 

CHO 

j{ix). 


«^  NO, 

NH— C :  CH<^^     \ 
(VIII).  ^ 


I 


CHaN CO 


NH— CO 


CO 


NOt 


CO 


NH— C:CH 
(X). 


1' 


o 

OCHi 


N0» 


NH— C:CH 
(XI). 


1' 


o 


OH 


NH-CO 

cs 


OH 


NH— C 
l(XII). 

NH-CO 

I 
CO 

NH-C:CH 


:CH<^ 


OH 


CHiN CO 

I 

f  NH. 

NH— CHCH,<^^^ 

»^">-       OCk. 


NH— CO 

I 

^  NH. 

NH— CH.CHg<;        > 
(XIV).    ^ 


i 


OH 


OH 


O 


o 


OH 


CH,CH(NH,)COOH 
(XVI). 


OH 


(XV). 


NH— CO 

I 
CO 

I 

NH— CH— CHj 
(XVII). 


OH 

O 

OH 


OH 


o 


OH 


.CH  -  C— N  -  CCOIi 

I 


CO- 
(XVIII). 


o 


Experimental  Part 
Condensation  of  Gentisinic  Aldehyde  (IX)  with  a-Thiohydantoin. 

2-Thio-4-(2|5-dihydroxybenzal)-hydantoin  (XII). — ^The  gentisinic  alde- 
hyde, which  was  used   in  this  work,   was  prepared   by  oxidation   of 
salicylic  aldehyde.     Neubauer  and  Flatow'  accomplished  this  change 
^  Z.  pkysud.  Chem.,  5a,  383  (1907). 
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add  (XX)  with  barium  hydroxide.    A  description  of  this  add  is  given 
in  the  experimental  part  of  this  paper. 

Johnson  and  Nicolet's^  thiohydantoin  reaction  can  be  appUed  success- 
fully with  this  amino  add.  It  reacted  normally  with  ammonium  thio- 
cyanate  in  acetic  anhydride  solution,  giving  smoothly  the  2'thio-3-acetyl- 
4-methoxyben2ylhydantoin  represented  by  Formula  XXIV.    When  this 
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was  warmed  with  hydrocbloric  add  it  underwent  hydrolysis  with  formation 
of    2-thio-4-methoxybenzylhydantoin    (XXII).    The    various    changes 
involved  in  the  synthesis  of  these  two  a-amino  adds  are  represented  by 
the  preceding  structtuul  formtdas. 
Our  researches  on  hydantoins  will  be  continued. 

Experimental  Part. 

The  2-thiohydantoin,  which  was  used  in  this  investigation,  was  pre- 
pared according  to  the  method  of  Johnson  and  NicoletS  namely:  by  the 
action  of  ammonium  thiocyanate  on  hippuric  add  in  the  presence  of 
acetic  anhydride. 

2-Thio-4-o-hydrox7benzalh7dantoin  (ZVI). — ^This  hydantoin  is  ob- 
tained in  nearly  a  quantitative  yidd  by  condensing  salicylic  aldehyde 
(XII)  with  2-thiohydantoin.  Thirty  grams  of  the  hydantoin,  37.5  g. 
of  salicyUc  aldehyde,  90  g.  of  fused  sodium  acetate  and  230  cc.  of  gladal 
acetic  add  were  heated  together  in  an  oil  bath  for  4  hours  at  i40-i5<^^ 
While  the  reaction  mixture  was  still  hot,  it  was  then  potu'ed  into  a  large 
volume  of  cold  water,  whereupon  the  above  hydantoin  separated  im- 
mediatdy.  After  complete  disintegration,  to  remove  sodium  acetate, 
the  crude  hydantoin  was  then  separated  by  filtration  and  purified  by 
crystallization  from  hot,  gladal  acetic  add.  It  separated  from  this 
solvent,  on  cooling,  in  small  clusters  of  radiating  needles  which  mdted 
at  248  ^ 

Calc.  for  CioHfOiNtS:  N,  12.72.     Pound:  N,  12.86,  12.6a 

Desulfurization  of  2-Thio-4-<>-hydroz7benzaIh7dantoin  with  Forma- 
tion  of  4-^Hydrozyfoenzalhydantoin  (ZV). — ^Pifty  grams  of  the  thio- 
hydantoin,  150  g.  of  monochloroacetic  add  and  400  cc.  of  water  were 
placed  in  a  flask  and  the  mixttu^  then  digested  in  an  oil  bath  for  2  hours 
at  140-150®.  Owing  to  the  insolubility  of  both  the  thio-  and  oxyhy- 
dantdns  a  clear  solution  was  never  obtained.  However,  even  under 
such  conditions  the  sulfur  was  displaced  smoothly  and  an  80%  yidd  of 
the  hydantoin  was  obtained.  After  the  reaction  was  complete  the  ben- 
zalhydantoin  was  separated  by  filtration,  washed  thoroughly  with  water 
and  then  ptuified  by  crystallization  from  a  large  volume  of  alcohol.  It  was 
difficultly  soluble  in  this  solvent  and  separated,  on  cooling,  in  the  form  of 
short  needles  which  melted  at  271**  with' decomposition. 

Calc.  for  CioHsOsNi:  N,  13.72.     Pound:  N,   13.57,  13.87. 

Attempts  were  made  to  prepare  this  new  hydantoin  directly  by  con- 
densing saKcylic  aldehyde  with  hydantoin.  The  reaction  was  applied 
hy  digesting  the  reagents  in  acetic  add  solution  in  the  presence  of  anhy- 
drous sodium  acetate  and  also  in  the  presence  of  acetic  anhydride.  In 
no  case,  however,  did  we  observe  a  smooth  formation  of  the  hydantoin. 
This  marked  difference  in  reactivity  of  hydantoin  and  thiohydantoin  has 
^Loc.cU. 
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This  compotmd  gradually  underwent  oxidation  and  dissolved  in  sodium 
hydroxide  forming  a  dark-colored  solution.  It  dissolved  in  both  hydro- 
chloric and  sulfuric  acids  giving  characteristic,  purple  solutions.  Tlie 
hydantoin  was  insoluble  in  alcohol  and  was  finally  prepared  for  analysis, 
by  digesting  with  alcohol  to  remove  impurities.  It  did  not  possess  a 
sharp  melting  point,  but  tinned  dark  colored  on  heating  and  tmderwent 
partial  decomposition  at  about  170°  but  did  not  melt  below  290°.  The 
3rield  was  10  g. 

Calc.  for  CioHioOiNt:  N,  12.61.    Found:  N,  12.34. 

Behavior  of  4^(2»5-I>ihydroxybenz7l)-hydantoin  when  Heated  with 
Barium  Hydroxide  and  Sulfuric  Acid. — Our  attempts  to  obtain  2,5- 
dihydroxyphenylalanine  (XVI)  from  this  hydantoin  were  unsuccessful  |a 
The  hydantoin  is  extremely  unstable  in  alkaline  and  also  add  solutions, 
apparently  undergoing  oxidation  and  hydrolysis  under  both  conditions 
to  a  dark-colored,  amorphous  product.  For  example,  in  one  experiment 
2  g.  of  the  hydantoin  were  digested  with  15  g.  of  barium  hydroxide  in  75 
cc.  of  water  for  several  days  or  until  the  evolution  of  ammonia  had  ceased. 
The  barium  was  then  quantitatively  removed  by  precipitation  as  barium 
sulfate  when  we  obtained  a  brown-colored  solution  containing  apparently  | 
the  desired  amino  acid.  On  concentrating  this  solution,  however,  it : 
gradually  grew  darker  in  color,  finally  becoming  almost  black.  After 
complete  evaporation  a  dark  brown  residue  was  obtained  which  was 
amorphous  in  character  and  possessed  no  definite  melting  point.  The 
substance  contained  nitrogen  but  the  analytical  values  obtained  did  not 
indicate  that  we  were  dealing  here  with  a  definite  compotmd. 

We  also  heated  the  hydantoin  with  30%  sulfuric  add  at  160°  for  6 
hours.  It  was  completely  decomposed  by  this  treatment  with  formation  , 
of  ammonium  sulfate.  Much  black  insoluble  material  was  also  sus- 
pended in  the  solution  when  the  pressure  tube  was  examined.  The  add 
solution  was  filtered  and  the  sulfuric  add  completely  predpitated  as 
barium  sulfate.  After  filtering  off  the  barium  sulfate  a  dear  solution  was 
obtained  indicating  the  possibiUty  of  isolating  here  the  amino  add.  The 
solution  was  divided  into  two  equal  portions  and  oqp  acidified  with  dilute 
iiydrochloric  add.     On  evaporating,   both  gradually  assumed   a   dark 

• 

color  owing  to  oxidation  and  in  both  cases  only  dark-colored,  indefinite 
residues  were  obtained.  The  product  obtained  by  evaporation  of  the 
aqueous  solution  gave  a  positive  test  with  Millon's  reagent,  but  did  not 
give  a  violet-colored  solution  when  dissolved  in  a  solution  of  ferric  chloride. 
No  predpitates  were  obtained  by  adding  picric  acid,  picrolonic  and  phos- 
phottmgstic  adds  to  an  aqueous  solution  of  the  hydrolytic  product.  Mixed 
with  the  residue  obtained  by  evaporation  of  the  hydrochloric  add  solution, 
was  a  small  amount  of  ammonium  chloride. 
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i-Methyl-4^(2-methozy-5-iiitrobeiizal)-hydantoin  (X). — ^Two  grams  of 
sodium  were  dissolved  in  50  cc.  of  methyl  alcohol,  and  5  g.  of  4-(2- 
hydroxy-5-mtrobenzal)-hydantoin  (XI)  and  10  g.  of  methyl  iodide 
added  to  the  cold  sodium  methylate  solution.  This  mixttu-e  was  then 
heated  in  a  pressiu'e  bottle  for  6  hours  at  100°  when  a  clear  solution  was 
obtained.  The  alcohol  was  then  evaporated  and  the  residue,  left  behind 
dissolved  in  a  small  volume  of  dilute  sodium  hydroxide  solution.  On 
addifying  the  warm  solution,  and  finally  cooling  this  hydantoin  separated 
immediately.  It  was  ptuified  by  crystallization  from  dilute  acetic  acid 
and  melted  at  265  °  with  effervescence.    The  yield  was  6  g. 

Calc.  for  CisHuOiNs:  N,  15.16.     Found:  N,  15. iz. 

SedQction  of  the  Nitrohydantoin  (X)  with  Tin  and  Hydrochloric  Add* 

Hydrochloride  of  i-MethyI-4-(a-methozy-s-aminobenzyl)-hydantoi]i 

(Xm). — ^The  reduction  was  apphed  under  practically  the  same  conditions 
as  described  in  the  preparation  of  4-(2-hydroxy-5-aminobenzyl)-hydantoin 
(see  above).  In  this  case  the  hydrochloride  was  extremely  soluble  in 
water.  It  separated  from  this  solvent  as  a  hght-colored,  crystalline  powder^ 
which  possessed  no  definite  melting  point  but  gradually  decomposed 
when  heated  above  175  °.     It  did  not  give  a  red  color  with  Millon's  reagent. 

Calc.  for  CiiHwOjNiCl:  N,  14.76.     Found:  N,  14.67. 
Nsw  Hawn.  Comm. 
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STUDIES  ON  HITRATED  PROTEINS:   I.    THE  DETERMINATION 
OF  THE  STRUCTURE  OF  NITROTYROSINE.^ 

By  Tksat  B.  Johnson  and  Bdwakd  P.  Kohiiann. 
Received  Jtme  11,  1915. 

Introduction. 

This  paper  is  the  first  of  a  projected  series  of  publications  from  this 
hboratory,  dealing  with  the  chemistry  of  nitrated  proteins.  A  short, 
historical  review  of  work  already  done  in  this  field,  previous  to  the  incep- 
tion of  our  investigations,  has  been  incorporated.  We  do  not  claim  to 
have  included  here  references  to  all  the  work  done  and  it  is  quite  proba- 
ble that  some  papers  have  been  overlooked.  Many  of  the  older  journals 
have  been  inaccessible  to  us  and  consequently  we  have  been  obliged  to 
acquire  our  information  regarding  some  of  the  earlier  developments 
from  the  abstract  journals.  These  sources  of  information  are  not  always 
reliable.  The  results  obtained  in  our  new  researches  will  be  discussed 
in  proper  order  in  subsequent  papers.  These  will  have  to  deal  with  new 
data  contributing  to  the  present  knowledge  of  the  Xanthoproteic  and 

^  Part  of  a  dissertation  presented  by  Mr.  Edward  F.  Kohmann  to  the  Faculty  of 
tbe  Graduate  School  of  Yale  University,  191 5,  in  candidacy  for  the  degree  of  Doctor 
<tf  Philosophy.  <• 
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Millon's  reactions,  and  also  with  the  study  of  new  organic  combinations 
obtained  by  hydrolysis  of  nitrated  proteins. 

Historical. 

I.  Definite  Nitro-<:ompounds  which  have  been  Obtained  by  Vigoioiis 
Treatment  of  Proteins  with  Nitric  Acid. — ^While  it  has  been  known  for 
a  long  time  that  nitric  acid  will  act  upon  animal  and  vegetable  proteins 
with  production  of  a  yellow  color,  the  study  of  the  reactions  involved 
-can  be  said  to  have  begun,  apparently,  in  the  year  1771,  when  Woulfe^ 
made  the  observation  that  natural  indigo  interacts  with  nitric  add,  giv- 
ing an  aqueous  solution  which  will  dye  silk  yellow.  Haussmann'  r^)eated 
his  work  in  1788  and  succeeded  in  isolating  a  crystalline  substance  whose 
constitution  was  not  established.  Welter^  was  apparently  the  first  to 
study  the  action  of  nitric  add  on  protein  and  obtained,  by  treatment  of 
silk  with  nitric  acid,  a  characteristic  substance  which  he  called  "Amer." 
He  observed  that  all  animal  substances,  which  he  examined,  were  stained 
yellow  by  nitric  acid.  Welter's  observations  were  confirmed  by  Four- 
croy  and  Vanquelin,^  who  were  apparently  the  first  to  venttu'e  an  expression 
of  the  constitution  of  Amer  with  the  following  phrase:  ''hydrocarbure 
d'azote  suroxig^e.''  Hatschett^  also  investigated  the  action  of  nitric 
add  on  proteins  and  later  Chevreul,^  in  1809,  supplemented  his  work  and 
made  a  thorough  study  of  ''Amer."  In  1828  Liebig^  continued  the  in- 
vestigation of  previous  investigators  and  prepared  again  Wdter's  Amer. 
He  named  it  ''Kohlenstickstoff,"  and  gave  precise  directions  for  its  prepara- 
tion. Berzelius^  designated  it  as  ''Pikrinsalpetersaure,"  while  its  pres- 
ent name  — ^picric  add —  was  assigned  to  it,  in  1841,  by  Dtmias.^  Its  con- 
stitution was  finally  established  by  Laurent^®  in  1842.  A  second  nitro- 
compound— />-nitrobenzoic  add — ^was  obtained,  in  1885,  by  Nendd  and 
Sieber^^  by  the  action  of  nitric  add  on  globin,  casein  and  albumin.  As  far 
as  the  writers  are  aware,  this  add  and  trinitrophenol  (picric  add)  are  the 
only  two  nitro-compounds  of  known  structtu'e  which  have  been  obtained 
by  nitration  and  hydrolysis  of  proteins  with  nitric  add. 

n.  Nitroproteins  Formed  by  Interaction  of  Nitric  Add  with  ProtainSi 
and  the  Nitro-compounds  of  Definite  Constitution,  which  have  been  Ob- 

1  Phil.  Trans.,  iTTi* 

*  J.  Pkys.  Chim.,  33,  161. 
'  Ann.  chim.,  39,  301. 

*  J.  Chem.  Physik.,  3,  231. 
» Phil.  Trans.,  1799. 

^  Ann.  chim.,  73,  113  (1809). 
'  ^f>ii'  Ann.,  13,  191  (1828). 
'  Roscoe  and  Scfaorlemmer,  Vol.  4i  p.  1 10. 

*  Ann.,  39,  350  (1841). 
^^Ihid.,  43,  219  (1842). 
"  Ber.,  18,  394  (1885). 
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teined  from  Them  by  HydroIjTBis. — ^Following  the  work  of  Fourcroy  and 
Vanqudin^  appeared  that  of  Mtdder  and  his  co-workers.*  They  described 
the  behavior  of  nitric  add  towards  a  large  number  of  protein  substances 
and  gave  to  the  yellow  product  obtained  the  name  "xanthoproteic- 
add."  This  is  the  first  time  *that  the  term  ** Xanthoproteic"  was  used 
in  connection  with  the  action  of  nitric  add  on  protein  material.  Vogel* 
examined  the  behavior  of  nitric  add  on  silk  and  later  Hru^schauer,^ 
in  1843,  continued  the  investigation  with  egg-white.  Muhlhauser'  in- 
vestigated the  behavior  of  a  mixture  of  nitric  and  hydrochloric  adds  on 
proteins  and  later,  in  1871,  Loew*  contributed  his  first  paper  on  the  ac- 
tion of  sulfuric  and  nitric  adds  on  protein  material.  The  following  year 
he  published  ftuther  on  the  same  subject'  and  described  characteristic 
nitrated  products.  Gtosburg*  and  also  Wittich*  examined  the  behavior 
of  albumen  towards  nitric  add,  and  Johnson^®  and  Osborne  have  inde- 
pendently shown^^  that  proteins  can  enter  into  ionic  reactions  with  nitric 
add.  Obermeyer^*  continued  the  work  of  Mulder  in  1892,  being  par- 
ticularly interested  in  the  nature  of  the  aromatic  groups  of  the  nitrated 
protein.  He  subjected  his  xanthoprotein  to  hydrolysis  with  hydrochloric 
add  but  did  not  succeed  in  isolating  any  characteristic  hydrolytic  prod- 
uct containing  a  nitro  group.  In  1899  appeared  the  paper  of  von  Furth,^* 
describing  the  behavior  of  nitric  add  on  casein  and  horn.  Character- 
istic products  were  isolated,  but  Samuely^^  considers  that  his  nitration 
products  and  those  of  Loew^  are  different  substances. 

Habermann  and  Bhrenfdd^^  investigated  the  action  of  nitric  acid  on 
certain  proteins  and  succeeded  in  isolating  hydroxyglutaric  add.  Fol- 
lowing their  work  no  further  attention  was  paid  to  the  problem  of  nitra- 

^  Loc.  cU. 

*Pogg'  Ann,,  37,  594;  CentrU.,  1836,  538;  Ann.,  a8,  73;  Centrhl.,  1838,  885;  Nahir 
mScheik  Archief,  1838,  87;  CentrU,,  1839,  243;  J.  prakt.  Ckem.,  20,  340;  CentrbL,  1840^ 
ji5*   Van  der  Pant,  Scheikung  Anderzoek,  a,  136;  CentrU.,  1849,  342. 

*Bitckncr's  neues  Repert.,  8,  i;  Handwdrterbuch  der  reinen  u.  angew.  Chem.,  7^ 
743  (1859). 

Mun..  46,  348  (1843). 

•IWd..  90,  171  (1854);  101,  171. 

*  /.  prakt.  Chem.,  [2  ]  3,  180. 

'iWJ.,  [2]  5»  433  {1872);  Ber„  34»  3560  (1901). 

*  Wien.  Acad,  Ber.,  45,  643;  Centrbl.,  1863,  460. 

*  /.  prakt,  Chem.,  73,  25. 

"J.  Chem.  See.,  27,  734  (1874). 

"  Report  Conn.  Expt.  Station,  1900,  399;  This  Journal,  24,  39  (1902). 
^Centrbl.  Physiol,,  6,  300  (1892);  Centrbl.,  2,  529  (1892);  Jahr.,  1892,  2 113. 
^' "Binwirkung  von  Salpetersaure  auf  Eiweissstoff.  Habilitationsschrift/'  Strass- 
bMK.1899. 

^*  Oppenheimer,  Vol.  x,  p.  441. 

"Z.  phynol.  Chem.,  35,  231  (1902). 
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tion  until  Kossel  and  Kennaway,^  in  191 1,  investigated  the  behavior  of 
nitric  acid  towards  the  protamine— -C/w/>etw.  This  underwent  nitration 
smoothly,  giving  a  nitrodupein,  which  gave  on  hydrolysis  nitroarginine. 
Later  Inouye'  subjected  nitrofibroin  to  hydrolysis  with  sulfuric  acid  and 
isolated  from  the  products  of  hydrolysis  what  he  believed  was  nitro- 
tyrosine.*  Regarding  the  structure  of  this  acid,  we  have  no  definite  knowl- 
edge. Recently  Momer^  has  contributed  an  interesting  paper  in  which 
he  has  described  the  isolation  of  a  well-<haracterized  sulfur  compound 
obtained  by  treating  sulfur  protein  with  nitric  add.  He  isolated  methyl- 
sulfuric  add,  in  the  form  of  its  barium  salt,  (CHsS08)sBa.i.5HsO,  from  the 
hydrolysis  liquors  of  wool,  serum,  egg  protein,  casein,  ovomucoid,  haemo- 
globin and  glutin.  Since  cystin  does  not  yidd  this  interesting  compound 
with  nitric  acid,  Momer's  observation,  therefore,  indicates  that  there  are 
at  least  two  forms  of  sulfur  Unkings  in  sulfur  protein. 

The  Structure  of  Nitrotyrosine. 

It  is  evident  that  before  one  can  hope  to  formulate  definite  condusions 
regarding  the  action  of  nitric  add  on  proteins,  and  assign  correct  struc- 
tural formulas  to  the  products  of  hydrolysis  containing  nitro  groups, 
we  must  first  determine  what  compounds  are  formed  when  the  aromatic 
amino  add  constituents  of  proteins  are  attacked  by  this  reagent  under 
similar  conditions.  This  involves  not  only  a  study  of  the  behavior  d 
nitric  add  towards  phenylalanine  (I),  t3rrosine  (II)  and  tryptophane 
(III),  but  also  its  action  on  peptide  combinations  of  these  adds  and  like- 
wise peptides  containing  these  adds  in  combination  with  the  naturaUy 
occurring  amino  adds  of  the  aliphatic  series.  The  action  of  nitric  add 
on  tryptophane  and  peptide  combinations  containing  the  above  amino 
adds  has  never  been  investigated.  Phenylalanine,  on  the  other  hand, 
has  been  shown  by  Erlenmeyer  and  Lipp*  to  interact  smoothly  with  nitric 
add  giving  the  corresponding  p-nitro  derivative  represented  by  Formula 
IV.  So  far  as  the  writers  are  aware,  however,  this  amino  add  has  never 
been  identified  among  the  hydrolytic  products  of  nitrated  proteins.  It 
is  not  improbable  that  this  is  the  preciu'sor  of  ^-nitrobenzoic  add,  which 
was  obtained  by  Nendd  and  Sieber*  by  treatment  of  different  protems 
with  strong  nitric  add.  In  the  case  of  tyrosine'  it  has  been  shown  by 
different  investigators  that  this  add  and  nitric  add  interact  smoothly 
tmder  definite  conditions  fomung  »wfW7-nitrotyrosine.  Inouye'^  like 
wise  obtained  what  he  believed  was  this  same  nitro-compound  by  hydroly- 

^  Z.  physiol.  Chem.,  73,  486  (191 1). 
^Ihid.,  8z,  80  (1912). 
'Stadeler,  Ann,,  1x6,  77  (i860). 

*  Z.  physiol,  Chem.,  93,  175  (1914). 

*  Ann.,  3X9,  166  (1883). 

*  Ber,,  x8,  394  (1885). 

^  Z.  physiol,  Chem.,  81,  80  (1912). 
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sis  of  nitFofibroixi  with  sulftiric  acid.  He  was  unable  to  assign  a  definite 
structure  to  his  add  because  of  the  fact  that  it  has  never  been  shown 
in  what  position  t3rrosine  (II)  is  attacked  by  nitric  acid.  Two  isomeric 
adds  might  theoretically  be  formed  in  this  reaction,  namely,  3-nitro- 
and  2-nitrotyrosine  represented  by  Formulas  V  and  VI,  respectivdy. 
Whether  one  or  both  of  these  two  adds  are  produced  has  never  been  es- 
tablished. The  primary  object  of  the  work  described  in  this  paper  was 
the  acquirement  of  experimental  data  which  would  enable  us  to  dedde 
2)eyQad  doubt  the  structure  of  this  interesting  nitration  product. 

^^  -:— CH,.CH(NH,)COOH 


CH, 


CH, 


(III). 


CHNH, 


CH, 


CHNH, 

COOH 

(II). 

OH 

/Nno, 

CH, 


OH 


NO, 


CH, 


CHNH, 


CHNH, 


CHNH, 


COOH  COOH  COOH 

(IV).  (V).  (VI). 

That  t3TOsine  will  react  with  nitric  add  was  apparently  first  recog- 
nized by  Warren  de  la  Rue^  in  1848,  who  showed  that  the  tyrosine  ob- 
tained by  hydrolysis  of  cochineal  interacts  with  this  reagent  giving  a  new 
organic  add  which,  he  states,  crystallized  in  the  form  of  needles.  No 
further  attention  was  paid  to  this  observation  imtil  1850,  when  Strecker* 
reinvestigated  this  reaction  and  showed  that  tyrosine  is  completdy  oxid- 
ized by  vigorous  action  of  strong  nitric  add  forming  oxalic  add.  If  di- 
lute add  was  used,  he  found  that  tyrosine  was  not  oxidized,  but  under- 
went nitration  smoothly,  giving  him  what  he  called — "salpetersaures 
Nitrotyrosin."  It  is  interesting  to  note  here  that  Strecker  did  not  ob- 
serve the  formation  of  picric  add  in  this  reaction.  Strecker  described 
the  hydrochloride  and  barium  and  silver  salts  of  nitrotyrosine  and  even 
prepared  the  free  amino  add  by  decomposition  of  its  silver  salt  with  hy 
<irogen  sulfide.     He  states  that  this  crystallized  in  dusters  of  radiating 

» Ann.,  64,  35  (1848). 
^Ihid.,  73,  74  (1850). 
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needles,  which  were  characterized  by  the  property  of  giving  intensely 

red  solutions  when  dissolved  in  aqueous  solutions  of  the  alkali  metals 

and  ammonia.    Strecker  did  not  obtain  enough  of  the  amino  add  for 

anal3rsis. 

Strecker's  observations  were  confirmed   lo  years  later  by  Stadeler,^ 

who    prepared    nitrot3rrosine    according    to    Strecker*s    directions.     He 

described  the  amino  acid  as  a  sulfur-yellow  substance  which  had  a  bitter 

taste  and  colored  blue  litmus  red  in  aqueous  solution.     He  showed  that  it 

had  both  basic  and  acid  properties  and  described  the  nitrate,  hydrocfalo- 

ride  and  neutral  sulfate  of  the  amino  acid.     He  gdso  tested  the  stability 

of  the  acid  on  heating  and  contributed  the  following  statement  regarding 

its  behavior  under  these  conditions: 

"In  starkerer  Hitze  tritt  schwache  Vepuffung  ein  unter  Entwickelung  gdbrother 
Tropfen,  die  zum  Theil  zu  wenig  gefarbten,  stemfOrming  gnippierten  Knrstallen  con- 

densiren." 

* 

This  change  was  undoubtedly  a  normal  one  in  which  the  add  broke 
down,  on  heating,  with  formation  of  carbon  dioxide  and  the  correspond- 
ing amine. 

Ho/^^  — >-  CO,  +  HO<(^^>CHiCH,NH,. 

NOi  NOj 

HO<^^>CH,CH(NH,)COOIL 

NH,  (VII). 

Beyer, ^  in  1867,  prepared  nitrotyrosine  according  to  the  method  of 
Stadeler  and  subjected  it  to  reduction  with  tin  and  hydrochloric  add 
and  obtained  the  corresponding  aminot3rrosine.  Abderhalden  and  Mas- 
sini'  studied  the  behavior  of  this  amino  add  in  alcaptonuric  patients. 
Neuberg^  considers  this  add  to  have  the  formula  of  an  ortho  derivative 
represented  by  Formula  VII,  but  no  proof  is  oflFered  for  this.  Johnson* 
has  stated  in  a  previous  paper  that  nitrot5rrosine  is  very  probably  a  3-nitro 
derivative  as  represented  by  Formula  V. 

The  first  evidence  which  was  produced  to  indicate  that  tyrosine  under- 
goes nitration  with  formation  of  more  than  one  nitro  derivative  was  pub- 
lished by  Casimir  Funk,  in  19 12,  in  a  paper  entitled:  '*The  Constitution 
of  Aminotyrosine  and  the  Action  of  Oxidases  on  Some  Tyrosine  Deriva- 
tives.* *•  He  daims  to  have  shown  that  nitrotyrosine,  prepared  by  Streck- 
er and  Stadder's  method,  is  not  a  definite  compound,  but  a  mixture  of 
two  isomeric  amino  adds,  represented  by  Formulas  V  and  VI,  respec- 

*  Ann.,  116,  77  (i860). 

2  Z.  Chem.,  10,  436  (1867). 

'  Z.  physiol.  Chem.,  66,  140  (1910);  67,  404  (1910). 

*  Oppenheimer's  Handbuch  der  Biochemie,  4,  II,  363  (19 10). 
^  Johnson  and  Bengis,  Tms  Journal,  34,  1054  (19 12). 

*  /.  Chem.  Soc.,  xoi,  1004  (1912). 
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tivdy.  Since  we  have  obtained  results  which  do  not  support  Punk's 
conclusions,  it  will  be  necessary,  before  the  discussion  of  our  work,  to 
present  briefly  here  the  evidence  on  which  Funk  based  his  conclusions. 
He  reduced  his  nitrot3rrosine  to  the  corresponding  aminotyrosine 
by  the  action  of  tin  and  hydrochloric  add.  With  the  object  of  convert- 
ing the  latter  into  3,4-dihydroxyphenylalanine,  he  diazotized  10  g.  of  his 
diamino  acid  (melting  at  265^}  by  passing  through  its  aqueous  solution 
the  calculated  amount  of  nitrous  anhydride  and  obtained  5  g.  of  amino- 
tyrosine,  having  a  higher  melting  point  than  the  original  material,  namely, 
273^.  Punk  also  observed  that  this  differed  from  the  initial  add  in  sta- 
bility towards  oxidizing  agents  and  conduded,  from  his  observation 
that  it  was  not  changed  by  the  action  of  spedfic  oxidases  (laocase  and 
tyrosinase),  that  this  add  must  be  considered  to  be  2'aminoiyrosine, 
represented  by  Pormula  IX.  In  other  words,  according  to  Punk,  nitro- 
tyrosine  is  a  mixture  of  two  adds  which  are  transformed  on  reduction 
into  a  mixture  of  two  corresponding  aminotyrosines.  By  the  action  of 
nitrous  add  on  this  mixture  3-aminot3rrosine  (VII)  is  destroyed,  while 
2-aminotyro6ine  (IX)  is  left  tmchanged  in  the  solution.  Punk  apparently 
did  not  consider  the  fact  that  an  aminot3rrosine  contains  two  amino 
groups  which  are  susceptible  to  attadc  by  nitrous  add  and  that  part 
of  his  original  amino  acid  may  have  been  converted  into  an  a-hydroxy 
add  represented  by  Pormula  X  or  XI.  Sudi  a  change  would  be  perfectly 
analogous  to  that  observed  by  Erlenmeyer  and  Lipp,^  who  showed  that 
^axninophenylalanine  is  converted  into  a  mixture  of  tyrosine  and  the 
isomeric  a-hydroxy  add,  NH,C«HiCH8CH(OH)COOH),  by  the  action 
of  nitrous  add. 

Furthermore,  Punk  states,  in  the  experimental  part  of  his  paper,  that 
^'hZ'  ^  ^s  pure  2-aniinot3rrosine  (IX)  gave  0.9  g.  of  the  corresponding 
tribenzoyl  derivative  by  application  of  Schotten  and  Baumann's  reaction, 
which  is  a  yidd  of  80%  of  the  theoretical.  On  the  other  hand,  when  the 
same  reaction  was  applied  with  crude  aminotyrosine,  he  obtained  only 
a  very  small  amount  of  the  same  tribenzoyl  compound.  Prom  these  re- 
sults the  following  condusion  can  therefore  be  drawn:  Ten  grams  of 
crude  aminotyrosine  yidd  50%  of  its  weight  in  2-aminotyrosine,  which 
is  not  acted  upon  by  nitrous  add,  and  from  which  can  be  obtained  a  yidd 
of  the  tribenzoyl  compound  corresponding  to  80%  of  the  theoretical. 
The  initial  aminotyrosine,  however,  gives  only  a  small  amotmt  of  the 
same  acyl  derivative.  These  results  are  somewhat  contradictory.  Later 
Funk  and  Macalltun,^  in  a  paper  entitled:  "The  Chemical  Nature  of 
Substances  from  Alcoholic  Extracts  of  Various  Poodstuffs  which  Give  a 
Color  Reaction   with   Phosphotungstic   and   Phosphomolybdic   Adds," 

^Loc.  cU. 

*  Bicchem,  /.,  7,  356  (1913). 
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stated  that  both  2-amino-  and  3-aminot)rrosine  react  with  Pofin's'  nric 
add  reagent  (phosphotungstic  add)  and  with  Folin's  polyphenol  reagent 
(phosphomolybdic  add)  giving  positive  tests.  Yet  they  did  not  mention 
the  source  of  either  compound.  They  found  that  nitrotjrrosine  failed  to 
react  with  either  reagent. 

We  have  now  obtained  new  experimental  evidence  which  proves  con- 
dusivdy  that,  when  tyrosine  is  subjected  to  nitration  according  to  the 
conditions  recommended  by  Strecker  and  Stadeler,'  it  is  converted  into 
a  mixture  of  two  isomeric  nitro  adds  represented  by  Formulas  V  and  VI. 
The  chief  product  of  the  reaction  is  not  2-nitrotyrosine  (VI)  as  conduded 
by  Funk,  but  the  isomeric  modification  (V).  In  fact,  the  proportion  of 
the  isomer  (VI)  was  so  small  that  it  was  possible  by  one  reaction  only  to 
show  that  it  actually  is  a  product  of  nitration. 

When  crude  nitrotyrosine  is  methylated  by  digestion  with  methyl 
iodide  in  methyl  alcohol  solution  and  in  the  presence  of  an  excess  of  potas- 
sium  hydroxide,  the  hydroxy  group  remains  unchanged  and  the  amino 
add  is  converted  into  a  mixture  of  two  substances — ^the  normal  quater- 
nary salt  represented  by  Formula  XII,  and  a  secondary  produirt  which 
we  have  expressed  by  Formula  XIII.  The  normal  salt  (XII),  however, 
is  the  chief  product  of  the  reaction.  Komer  and  Menozzi'  applied  the 
same  reaction  to  tyrosine  and  obtained  the  salt  (XVI).  In  the  nitrotyro- 
sine, therefore,  the  nitro  group  affords  a  protection  for  the  hydroxyl  rad- 
icle in  such  reactions.  Apparently  we  are  dealing  here  with  a  tautomeric 
change  which  involves  a  rearrangement  of  the  true  nitrophenol  into 
its  pseudo  modification  (XVIII)  in  the  presence  of  alkali,  forming  the 
colored  salt  represented  by  Formula  XIX.  Such  an  assumption  is  in 
strict  accord  with  the  work  of  Hantzsch,*  Hewitt,  Johnson  and  Pope*" 
and  Mddola  and  Holley^  on  the  structtu'e  of  the  salts  of  d?-nitrophenols. 
That  the  oxygen  ethers  of  ^-nitrophenol  combinations  are  easily  hydro- 
lyzed  in  the  presence  of  alkalis,  was  observed  by  Miller  and  Kinkelin,'' 
who  showed,  for  example,  that  the  methyl  ester  of  o-methoxy-w-nitro- 
dnnamic  add  is  completely  saponified  by  warming  with  sodium  hydroxide 
and  even  sodium  carbonate  in  dilute  alcohol  solution,  forming  the  corre- 
sponding o-hydroxy-w-nitrodnnamic  acid. 

The  quaternary  iodide  (XII)  and  the  di-quatemary  compound  (XIII) 
are  both  decomposed  by  vigorous  boiling  with  strong  soditmi  hydroxide 
solution  with  evolution  of  trimethylamine  and  formation  of  3-nitro-4- 

*  /.  Bid.  Chem.,  11,  265  (1912). 

*  Loc.  cit. 

'  Gazz.  chim.  ital.,   iz,  550  (1881). 

<  Ber.,  39,  1073  (1906);  40,  330  (1907). 

•  /.  Chem.  Soc.,   103,  1626  (1913). 

•  Ibid.,  105,  410  (1914). 
^  Ber.,  32,  1705  (1889). 
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hydroxydmiaiiiic  add  (XIV),  mdting  at  223 ^    A  description  of  the  dli- 
namic  add  has  recently  been  given  in  a  paper  by  Johnson  and  Kohmatin.^ 
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We  obtained  no  evidence  of  the  formation  of  the  isomeric  2-nitro-4- 
hydroxydnnamic  acid. 

Nitrotyrosine,  prepared  from  tyrosine,  interacts  smoothly  with  am- 
monium  thiocyanate  in  acetic  anhydride  solution,  forming  different 
products,  depending  apparently  on  the  length  of  time  of  heating. 

We  succeeded  in  isolating  three  types  of  combinations,  namely,  mono-, 
di-  and  triacetyl  derivatives,  which  were  all  impure  and  mixtures  of  iso- 
meric hydantoins.  The  triacetyl  derivative  (XX)  was  easily  hydro- 
lyzed  by  boiling  with  acetic  acid,  forming  the  corresponding  diacetyl 
compound  (XXII).  That  our  diacetyl  hydantoin  (XXII)  and  monoacet^ 
compounds  (XXI)  were  mixtures,  was  established  by  the  fact  that  both 
compounds  underwent  hydrolysis,  when  digested  with  hydrochloric 
add,  giving  the  two  isomeric  thiohydantoins,  namely,  2-thio-4-(2-nitro- 
4-hydroxy  benzyl) -hydantoin  and  2-thio-4-(3-nitro-4-hydroxybenzyl)- 
hydantoin,  represented  by  Formulas  XXIII  and  XXIV,  respectively. 
Since  the  hydantoin  (XXIV)  was  obtained  in  excellent  yidds  in  every  case 
and  was  accompanied  by  only  a  small  amount  of  the  isomeric  thiohydan- 
toin,  we  condude  that  the  original  nitrotjrrosine,  from  which  they  were 
derived,  is  chiefly  a  3-nitro  derivative  as  represented  by  Formula  V. 
Tyrosine  therefore  undergoes  nitration  with  formation  of  two  isomeric  nitro- 
tyrosines.  That  modification^  in  which  the  nitro  group  is  substituiedintke 
nucleus,  ortho  to  the  hydroxyl  group,  is  the  chief  product  of  the  reaction. 

The  structure  of  the  thiohydantoin  (XXIV)  was  established  in  the  fol- 
lowing manner:  2-Thiohydantoin  was  first  condensed  with  anisic  alde- 
hyde with  formation  of  2-thio-4-anisalhydantoin  (XXVI).  This  was 
then  converted  into  4-anisylhydantoin  (XXVIII)  by  two  methods.  It 
was  either  reduced  to  the  thioanisylhydantoin  (XXIX)  and  then  desul- 
furized  by  digestion  with  chloroacetic  add,  or  first  desulfurized  with  forma- 
tion of  (XXX)  and  the  latter  finally  reduced  to  the  saturated  hydantoin 
(XXVIII).  Johnson  and  Bengis^  have  already  shown  that  this  hydan- 
toin (XXVIII)  reacts  with  nitric  add  with  formation  of  4-(3-mtro-4- 
methoxybenzyl)  hydantoin  (XXVII).  We  now  find  that  this  hydantoin 
(XXVII)  is  easily  demethylated  by  heating  with  hydrobromic  add  in 
gladal  acetic  add  solution,  giving  the  same  hydantoin  (XXV),  as  is  formed 
by  desulfurization  of  2-thio-4-(3-nitro-4-hydroxybenzyl)-hydantoin 
(XXIV)  with  chloroacetic  add. 

The  structiu-e  of  the  hydantoin  was  also  established  as  follows:  The 
2-thiohydantoin  (XXIV),  which  was  prepared  by  the  action  of  ammonium 
thiocyanate  on  nitrotyrosine,  was  first  desulfurized  in  the  usual  manner 
and  the  resulting  hydantoin  (XXV)  then  reduced  to  the  corresponding 
aminohydantoin  (XXXI) .  This  was  isolated  in  the  form  of  its  hydrochloric 
add  salt.  The  latter  proved  to  be  identical  with  the  hydrochloric  add 
*  Tms  Journal,  349  ^056  (191 2). 
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salt  of  the  hydantoin  of  aminotyrosine,  which  was  synthesized  in  the 
following  manner:  2-Thio-3-benzoylhydantoin,  which  is  easily  obtained 
according  to  the  method  of  Johnson  and  Nicolet,^  was  condensed  with 
3^itroanisic  aldehyde  (XVII)*  when  2-thio-4-nitroanisalhydantom 
(XXXII)  was  formed.  This  was  then  desnlfurized  and  the  resulting 
hydantoin  (XXXIII)  reduced  with  hydriodic  acid,  and  red  phosphorus 
when  the  hydriodic  acid  salt  of  the  aminohydantoin  was  obtained.  On 
digesting  this  salt  with  silver  chloride  it  was  converted  into  the  corre- 
sponding hydrochloride  represented  by  Formula  XXXI.  The  hydantoin 
and  2-thiohydantoin  of  2-nitrotyrosine  have  not  been  synthesized. 

Especially  interesting  was  the  behavior  of  the  hydantoin  of  3-nitro- 
tyrosine  (XXV)  on  alkylation.  It  behaved  in  a  similar  manner  as  the 
free  amino  acid  in  that  the  hydroxyl  group  was  protected  against  alkyla- 
tion by  the  presence  of  the  ortho  nitro  group.  When  treated  with  one 
molecular  proportion  of  methyl  iodide  the  monO'SiOyi  derivative  (XXXIV) 
was  formed.  When  an  excess  of  methyl  iodide  was  used  the  dialkyl 
derivative  (XXXV)  was  formed.  We  obtained  no  evidence  of  the  forma- 
tion of  the  methoxy  compound  (XXXVI). 
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Experimental. 
Preparation  of  Tyrosine. — ^The  tyrosine  which  was  used  in  this  inves- 
tigation was  obtained  by  the  hydrolysis  of  silk  noils  according  to  the  di- 
rections given  by  Fischer.^    Noils  is  a  commercial  name  assigned  to  a 
waste  product  in  the  silk  industry  resulting  from  the  combing  of  silk 

*  This  Journal,  33,  1973  (i9")- 

*  Einhom  and  Grabfield,  Ann.^  243,  370  (1888). 

*  Z.  physiol.  Chem.,  33,  181  (1901). 
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and  consists  of  short  fibers  of  nearly  pnrt  fibroin.^  The  noils  3delded  on 
hydrol3rsis  about  7-8%  of  their  weight  in  tyrosine.  The  tyrosine  was 
purified  by  digesting  with  glacial  acetic  add  to  remove  any  leucine  pres- 
ent and  then  recrystallized  from  boiling  water. 

Preparation  of  Nitrotyrosine. — The  nitrotyrosine  was  prepared  accord- 
ing to  the  method  described  by  Stftdder.'  The  following  procedure  was 
generally  followed:  Sixteen  grams  of  tyrosine  were  first  suspended  in 
85  cc.  of  water  and  43  g.  of  nitric  add  (sp.  gr.  i .  42)  were  then  added 
<slowly  while  the  acid  mixture  was  kept  cold  by  means  of  an  ice  bath. 
The  t3rrosine  completdy  dissolved  and  after  allowing  to  stand  in  an  ice 
bath  for  12  hours  19  g.  of  the  nitrate  of  nitrot3rrosine  finally  separated. 
After  filtering  by  suction  the  salt  was  either  first  allowed  t6  dry  in  the  air 
or  suspended  immediatdy  in  60  cc.  of  cold  water  and  ammonia  added 
slowly  to  liberate  nitrotyrosine,  which  generally  first  separated  in  an  amor- 
phous form.  This  soon  assumed  a  crystalline  condition,  however,  and 
was  filtered  off  and  washed  with  cold  water.  The  yield  of  crude  material 
was  about  13  g.  This  amino  add  was  used  for  the  following  experiments 
without  any  further  purification. 

Inouye'  states  that  his  nitrotyrosine,  which  he  obtained  by  hydrolysis 
of  nitrofibroin,  gave  a  red  color  when  warmed  with  Millon's  reagent. 
It  has  been  otu-  experience  that  this  test  is  not  successful  in  this  case 
unless  special  precautions  are  taken  in  its  application.  The  color  at 
best  is  not  as  strong  as  that  obtained  in  the  case  of  tyrosine  and  if  too 
mnch  heat  is  applied  the  color  is  completely  destroyed  or  will  not  develop. 
The  same  considerations  hold  on  applying  the  test  with  the  hydantoin 
derivatives  of  nitrot3rrosine.  The  first  effect  in  general  was  the  produc- 
tion of  a  yellow  color  which  gradually  assumed  a  red  color  by  gentle  warm- 
ing. This  was  stronger  in  some  cases  than  others.  If  very  small  amounts 
were  taken  the  color  did  not  devdop.  Furthermore,  the  red  color  was 
goierally  more  pronounced  when  viewed  by  reflected  light. 

The  Qnatemary   Salt:      Trimethylammoiiium   Iodide   of   o-Nltro* 

OH 

tfrosine,  [     J        N(CHs)jI  • — ^^  order  to  obtain  this  interesting  quater- 

CHtCH.COOH 
nary  salt  the  following  procedure  was  adopted:    Five  and  seven-tenths 
grams  of  the  crude  nitrotyrosine  were  dissolved  in   150  cc.  of  methyl 
alcohol,  containing  in  solution  7  g.  of  pure  potassitun  hydroxide.     A 

*NoTB. — ^For  our  supply  of  silk  we  are  indebted  to  the  Cheney  Brothers,  silk 
manufacturers  of  South  Manchester,  Connecticut.  We  take  this  opportunity  to  ex- 
press our  appreciation  of  their  interest  in  our  work  and  willingness  to  codperate  with 
as.— T.  B.  J. 

*Loc.cU. 
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deep  red  solution  was  obtained.  Thirty-four  grams  of  methyl  iodide 
were  then  added  and  the  mixture  digested  gently,  under  a  reflux 
condenser,  for  about  18-19  hours.  The  reaction  was  then  apparently 
complete.  The  excess  of  alcohol  and  methyl  iodide  was  evaporated  by 
heating  on  a  water  bath  and  the  residue  obtained  dissolved  in  about 
50  cc.  of  hot  water  and  the  solution  decolorized  by  digestion  with  bone- 
coal.  On  cooling,  the  quaternary  salt  began  to  separate  immediately 
in  the  form  of  radiating  crystals.  After  standing  for  a  long  time,  how- 
ever, it  was  observed  that  a  second  product  likewise  crystallized  out  in . 
the  form  of  short,  stout  prisms.  In  order  to  isolate  these  two  character- 
istic products  an  application  was  made  of  a  fractional  crystallization, 
when  there  were  obtained  by  cooling  to  room  temperature  about  4.9  g. 
,  of  yellow  crystalline  material.  This  was  identified  as  the  quaternary 
derivative  of  o-nitrot3rrosine  and  was  purified  by  crystallization  from 
alcohol,  from  which  it  separated,  on  cooling,  in  radiating  clusters  of  yel- 
low prisms.  After  three  recrystallizations  from  alcohol  we  obtained  3  g. 
of  the  salt  having  a  constant  melting  point  of  119^  and  decomposing  at 
121^.  The  salt  was  dried  for  analysis  by  heating  at  100°.  It  contained 
two  molecules  of  water  of  crystallization.  This  could  not  be  determined, 
however,  because  the  salt  slowly  underwent  decomposition  when  heated 
at  a  temperature  suflSdently  high  to  remove  the  water.  It  gave  Mil- 
Ion's  test. 

Calc.  for  CuHi70iNiI.2HsO:  N,  6.48;  I.  29.3S. 

Pound:  N,  6.51,  6.48,  6.57,  6.47,  6.43;  I,  29.00,  29.43, 29.7, 29^. 

The  Diquatemaiy  Salt  (ZIU). — ^As  stated  above,  after  the  separation 
of  the  quaternary  salt  just  described,  a  second  crop  of  crystals  was  ob- 
tained on  standing.  These  were  more  granular  and  had  a  pronounced 
prismatic  habit.  It  is  very  slow  in  separating  and  generally  deposits 
on  the  sides  and  bottom  of  the  beaker.  In  one  experiment  four  successive 
crops  were  filtered  off  and  all  found  to  be  identical.  This  compound, 
whose  structure  we  have  provisionally  represented  by  Formula  XIII, 
crystallizes  from  hot  95%  alcohol  in  clusters  of  stout  prisms  which  melt 
at  220-221°  with  decomposition.  For  analysis  it  was  dried  at  no®. 
The  salt  responded  to  Millon's  test. 

Calc.  for  Cs4H8tOioN4l:    N,  8.43;  I,  19. 1. 

Pound:  N,  8.49,  8.48,  8.43;  I,  18.82,  18.87. 

In  another  experiment  we  obtained  from  3.7  g.  of  recrystallized  nitro- 
tyrosine,  3 . 8  g.  of  the  quaternary  salt  melting  at  119*^  and  o .  9  g.  of  the  di- 
quatemary  compoimd  melting  at  220-221*^.  These  observations  were 
very  uniformly  duplicated  when  nitrot)n'osine  was  exhaustively  alkylated 
with  methyl  iodide. 

Proof  of  the  Structure  of  ^Nitrotyrosine.  The  Formation  of  3-Nitro- 
4-hydroxycinnaniic  Acid  (XIV)  by  the  Action  of  Alkali  on  tiie  Quater- 
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naiy  Salt  (XII). — ^Two  grains  of  the  quaternary  salt  (XII)  were  dissolved 
in  50  cc.  of  10%  sodium  hydroxide  solution.  The  bright  red  solution 
was  then  boiled  by  immersing  the  flask  in  an  oil  bath.  The  salt  was  de- 
composed by  this  treatment  with  evolution  of  trimethylamine  and  a  bright 
red  sodium  salt  separated  from  the  hot  solution.  This  was  filtered  off 
and  examined.  It  was  very  soluble  in  water  and  insoluble  in  alcohol. 
When  alcohol  was  added  to  its  aqueous  solution  the  salt  was  precipitated 
in  an  amorphous  condition.  In  order  to  obtain  tl}e  free  add  the  salt  was 
dissolved  in  water  and  the  solution  acidified  with  hydrochloric  acid, 
when  the  above  cinnamic  acid  separated.  The  yield  was  o. 75  g.  or  78% 
of  a  theoretical  yield.  The  acid  was  insoluble  in  cold  water  but  slightly 
sc^uble  in  hot,  from  which  it  crystallized  in  long,  colorless  needles.  It 
was  soluble  in  hot  alcohol  and  crystallized  from  this  solvent  in  yellow 
needles  arranged  in  bundles.  The  acid  responded  to  Millon's  test  and 
mdted  at  223°  with  decomposition.  It  was  identical  with  3-nitro-4- 
bydroxydnnamic  add,  which  has  recently  been  described  in  a  paper  by 
Ji^son  and  Kohmann.^  A  mixtture  of  the  two  adds  melted  at  223^. 
It  was  dried  for  analysis  at  1 10^. 

Calc.  for  C^HtOiN:  N,  6.70.  Pound:  N»  6.72,  6.57. 
The  mother  liquor  from  the  red  salt  was  heated  in  the  oU  bath  for  a 
long  time,  or  tmtil  practically  no  more  trimethylamine  was  evolved. 
The  solution  was  then  cooled  and  addified,  when  a  small  amount  of  the 
cinnamic  add  separated.  This  was  separated  and  the  filtrate  concen- 
trated and  examined  further,  but  we  obtained  no  evidence  of  the  presence 
of  any  other,  add. 

The  Formation  of  3-Nitro-4^hydrozy€umamic  Acid  (XIV)  by  the  Action 
of  Alkali  on  flie  Diqnatemary  Derivative  (XHI). — By  application  of  the 
above  treatment  with  10%  sodium  hydroxide  to  the  diquatemary  salt 
XIII,  3-nitro-4-hydroxycinnamic  add  was  also  obtained.  It  mdted  at 
223^.  The  smoothness  of  these  transformations  is  well  brought  out 
by  the  following  results  obtained  in  one  experiment:  Sixteen  grams  of 
crude  nitrotyrosine  yidded  10  g.  of  the  quaternary  salt  and  6  g.  of  the 
diquatemary  compotmd.  The  former  yidded  on  hydrolysis  with  sodium 
hydroxide  4.5  g.  of  the  dnnamic  add  or  92%  of  the  theoretical  yield, 
while  the  diquatemary  salt  gave  3  g.  of  the  unsaturated  acid  or  79%  of 
the  theoretical  yield.  All  the  filtrates  were  again  carefully  examined, 
but  here  again  we  obtained  no  evidence  of  the  presence  of  an  isomeric 
add. 

Hydrochloride  of  3-Amino-4-hydrozycinnamic  Acid, 

^  \    x^^  "  CH.COOH.HCI.— This    salt   was   obtained    by    digesting 
NB| 
^Loe,eU. 
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the  above  nitrohydroxycinnatnic  add  on  a  steam  bath  with  tin  and 
dilute  hydrochloric  acid.  The  nitro-compound  tinderwent  reduction 
smoothly  and  completely  dissolved.  After  filtering  from  the  excess  of 
tin  and  cooling,  the  hydrochloride  of  the  amino  acid  then  separated  in 
the  form  of  colorless  needles.  The  salt  was  purified  by  recrystallization 
from  dilute  hydrochloric  acid.  When  heated  in  a  capillary  tube  it  began 
to  imdergo  a  change  at  225^  and  at  240°  decomposed  with  effervescence. 
Calculated  for  C,H,OiN.Ha:  N,  6.51.    Found:  N,  6.55. 

The  Action  of  Nitrotyrosine  on  Ammonium  Thiocyanate  in  Acetic 
Anhydride  Solution. — Nitrotyrosine  exhibits  a  strong  tendency  to  inter- 
act with  ammonium  thiocyanate  and  acetic  anhydride  and  various  prod- 
ucts can  be  obtained  depending  upon  the  conditions  employed.  In  one 
experiment,  twelve  grams  of  crude  nitrotyrosine  (from  tyrosine),  6.3 
g.  of  anhydrous  ammonium  thiocyanate  and  60  cc.  of  acetic  anhydride 
were  mixed  in  a  flask  and  then  heated  on  a  steam  bath.  On  warming 
gently  at  first  there  was  an  immediate  reaction  and  a  clear,  orange-colored 
solution  was  obtained.  Heating  was  continued  for  20  minutes,  when 
the  mixture  was  cooled  and  finally  poiu-ed  into  400  cc.  of  cold  water. 
(See  below  for  an  examination  of  this  water  solution.)  A  red  oil  separated 
which  finally  solidified.  The  3rield  was  14 . 5  g.  This  substance  was  found 
to  be  soluble  in  hot  alcohol  and  in  ether,  and  recrystallized  from  the  former 
solvent  in  needles  or  slender  prisms.  This  solvent,  however,  was  not 
used  for  purification.  This  was  accomplished  by  dissolving  the  14.5  g. 
in  100  cc.  of  glacial  acetic  add  and  then  digesting  with  a  little  bone-coal 
to  clarify  the  solution.  On  cooling,  only  o .  2  g.  of  yellow  neecUes  deposited. 
This  product  appeared  to  be  a  perfectly  definite  compound  and  alter 
washing  with  pure  acetic  add  was  dried  for  analysis.  It  melted  at  174^. 
A  nitrogen  determination  agreed  with  the  calculated  value  for  a  triacetyl 
derivative  of  the  thiohydantoin  of  nitrotyrosine  (XX).    This  is  the  first 

.   CH,CO.N— CO 


^  NO, 

CH,CO.N---CH.CH,<(^^^]^.COCH,. 

(XX). 
case  where  we  have  observed  the  formation  of  a  thiohydantoin  contain- 
ing acetyl  groups  attached  to  both  nitrogen  atoms  of  the  ring,  by  api^ca- 
tion  of  the  ammonium  thiocyanate  reaction.  The  result  obtained  by 
analysis  indicated  that  the  hydantoin  crystallized  with  a  molecule  of 
acetic  add. 

Calc.  for  CwHijOrNtS.CHaCOOH :  N,  9.27.    Found:  N,  9.25. 

2-Thio-3-acetyl-4-(3-iiitro-4-acetoxybenzyl)-hydantoin    (XZII) .—The 
acetic  add  filtr^ite  left  after  filtering  off  the  above  triacetyl  compound  was 
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concentrated  to  a  volume  of  20  cc.  and  cooled  when  2.7  g.  of  this  diacetyl 
compound  separated  in  the  form  of  a  fine  powder.  It  was  purified  by  re- 
crystallization  from  glacial  acetic  acid  and  deposited  as  yellow,  rectangular 
plates  which  melted  at  173-175^.  The  hydantoin  was  dried  for  analysis 
by  heating  to  constant  weight  at  iio^. 

Calc.  for  CuHijOfNiS:  N,  11.97.  Found:  N,  11.75. 
Having  established  the  presence  of  these  two  acetyl  derivatives,  all 
the  acetic  acid  filtrates  were  finally  combined  and  evaporated  to  dryness 
OQ  a  steam  bath.  The  crystalline  residue  which  was  left  behind  was  then 
digested  for  one  and  one-half  hotu^  with  an  excess  of  concentrated  hy- 
drochloric add  and  the  solution  finally  evaporated  to  dryness.  The 
acetyl  groups  were  all  removed  by  this  treatment  and  we  obtained  the 
crude  thiohydantoin  in  the  form  of  a  yellow  powder  mixed  with  a  gummy 
substance  which  adhered  to  the  sides  of  the  evaporating  dish  (see  below). 
The  yellow  powder  was  identified  as  2'thio-4-(j-nitro-4'hydroxybemyl)' 
hydantoin  (XXIV).  nh-CO 


NOi 


cs 


.<:"^i 


NH— CH.CH,<  X)H 

(XXIV). 
It  was  ptuified  by  crystallization  from  glacial  acetic  acid  and  separated, 
<m  cooling,  in  the  form  of  hexagonal  plates  which  melted  at  239-242^ 
with  decomposition.    The  compotmd  has  a  yellow  color  and  is  practically 
insoluble  in  water  and  difficultly  soluble  in  alcohol. 

Calc.  for  CieHyO^NtS:  N,  15.74.    Pound:  N,  15.60. 

2-Thi<>-4-(a-mtro-4-hydroxybenzyl)-hydantoi]i  (XXUI).  —  The  red, 
gummy  material  described  in  the  previous  experiment  was  separalted 
mechanically  and  dissolved  in  glacial  acetic  add.  On  cooling  this  solu- 
tion rapidly,  the  hydantoin  separated  in  the  form  of  yellow  needles.  The 
yield  was  very  small,  being  only  about  o.  i  g.  This  material  was  identi- 
fied as  the  isomeric  hydantoin  represented  by  Formula  XXIII,  and  was 
f(»iaed  by  action  of  ammonium  thiocyanate  on  2-nitrotyrosine  which  is 
formed  in  small  amount  by  the  action  of  nitric  acid  on  tyrosine.  The 
yellow  color  of  the  hydantoin  is  due  to  the  fact  that  it  crystallizes  with 
one  molecule  of  acetic  add.  In  fact,  it  readily  looses  this  add  when  heated 
at  1 10^,  giving  the  plain  hydantoin,  which  is  a  brick-red  compound. 
The  hydantoin  has  no  definite  mdting  point,  but  begins  to  char  when 
heated  to  270^  and  gradually  undergoes  further  decomposition  when 
heated  above  this  temperature.  An  acetic  add  determination  was  made 
with  the  following  restdt: 

0.0691  g.  substance  lost  at  no*'  o.oiii  g.  CHtCOOH. 

Calc.  for  Ci»H,04NiS.CH,C00H:  CHtCOOH,  18.3.    Pound:  16. i. 
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The  identification  of  this  characteristic  thiohydantoin  was  the  first 
evidence  that  tyrosine  interacts  with  nitric  acid  with  formation  of  a  small 
amount  of  2-nitrO'4-hydroxyphenylalanine  (VI).    Consequently  it  was  very 

HO<(^^>CH,.CH(NH,)COOH  OH/^^CHtCH(NH,)COOH 

NO,  NO, 

(VI).  (V). 

important  to  search  carefully  all  filtrates  in  order  to  determine  whether 
more  of  this  compound  could  be  obtained  for  a  more  thorough  examina- 
tion. We  therefore  turned  our  attention  to  the  aqueous  solution  obtained 
after  pouring  the  original  condensation  solution  (acetic  anhydride  + 
NH4SCN  +  crude  nitrotyrosine)  into  cold  water.  It  was  first  evaporated 
to  dryness  and  the  residue,  consisting  of  a  mixture  of  ammonium  thio- 
cyanate,  ammonium  acetate  and  thiohydantoins,  was  then  dissolved 
in  an  excess  of  hydrochloric  acid.  The  latter  solution  was  again  evaporated 
to  dryness  in  order  to  hydrolyze  completely  any  acylhydantoins  and  the 
resulting  product  dissolved  in  a  small  volume  of  glacial  acetic  acid.  To 
our  surprise,  on  allowing  the  solution  to  cool,  we  obtained  a  fine  crop  of 
yellow  needles  arranged  in  rosettes  mixed  with  a  small  amount  of  red 
blocks  or  stout  prisms.  The  two  forms  were  easily  separated  mechan- 
ically. The  yellow  material  was  identified  as  the  2-thtohydantoin  of  2-nitrO' 
4'hydroxyphenylalanine  containing  a  molecule  of  acetic  add  of  crystalliza- 
tion. When  heated  at  no®  it  lost  its  yellow  color,  became  brighter  red 
and  melted  when  heated  above  274*^  with  decomposition. 

Calc.  for  C10H9O4NSS:  N,  15.74.     Found:  N,  15.9. 

The  red  blocks  decomposed  at  the  same  temperature  as  the  yellow 
modification  containing  acetic  add  of  crystallization. 

In  order  to  be  absolutely  certain  that  tyrosine  is  converted  by  nitra- 
tion into  a  mixture  of  two  isomeric  nitro  derivatives — 2-nitro-  and  3-nitro- 
tyrosines — ^the  ammonium  thiocyanate  reaction  was  again  applied  with 
crude  nitrotyrosine.  In  this  experiment  12.7  g.  of  the  nitrotyrosine, 
6 . 5  g.  of  ammonium  thiocyanate  and  64  cc.  of  acetic  anhydride  were  used 
and  the  mixture  heated  as  in  previous  experiments  for  20  minutes.  After 
cooling,  the  reaction  mixture  was  then  poured  into  water  when  an  oil 
separated  which  soon  solidified.  The  weight  of  this  material  in  this  case 
was  16  g.  It  was  very  soluble  in  warm  ether,  alcohol  and  gladal  acetic 
acid.  Instead  of  first  crystallizing  this  crude  product  from  gladal  acetic 
add,  as  was  done  in  the  previous  experiment,  this  time  we  dissolved  it 
in  hot  95%  alcohol.  On  cooling  we  obtained  neither  a  triacetyl  nor  a 
diacetyl  compound  as  before,  but  a  product  deposited  in  the  form  of  dus- 
ters of  flat  prisms,  which  melted  at  176-178**.  The  substance  apparently 
underwent  a  change  at  this  temperature,  because  if  the  temperature  was 
held  at  176-177®  the  compound  gradually  assumed  a  solid  form  again 
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and  then  melted  at  187-188^  to  a  red  oil.  This  compound  contained  sul- 
fur, was  bright  yellow  in  color,  and  was  identified  as  chiefly  2-tHiO'j- 
acetyl'4-(j'nitrO'4-hydroxyb€nzyl)'hydant<nn  (XXI).  Mixtures  of  this 
hydantoin  with  the  triacetyl  and  diacetyl  derivatives  repiiesented  by 
Formulas  XX  and  XXII,  respectively,  melted  below  160**.  The  hydan- 
toin was  dried  for  analysis  by  heating  at  112^. 

Calc.  for  CisHiiOiNtS:  N,  13.58.    Pound:  N,  13.25. 

When  this  acetylhydantoin  was  suspended  in  strong  hydrochloric 
add  and  the  mixture  heated,  it  underwent  hydrolysis  and  was  converted 
smoothly  into  2'thiO'4'(j-nitrO'4'hydroxybenzyl)'hydanUnn  (XXIV).  This 
was  purified  by  crystallization  from  hot  glacial  acetic  add  and  separated, 
on  cooling,  in  the  form  of  yellow  prisms  which  decomposed  from  239- 
242**,  according  to  the  rate  of  heating. 

After  separation  of  the  above  acetylhydantoin  the  alcoholic  filtrates 
were  combined  and  concentrated  to  a  small  volume  and  cooled.  At 
first  a  few  needles  deposited  which  were  separated  mechanically 
and  discarded.  Then  we  obtained  a  deposit  of  rosettes  of  yellow  needles 
and  finally  a  crop  of  red  prisms.  These  two  latter  products  were  iden- 
tified as  2-tliio-4-(2-nitro-4-hydroxybenzyl)-hydantoin  containing  acetic 
add  of  crystallization  and  the  free  thiohydantoin  (XXIII),  respectively. 
The  combined  yield  was  o. 5  g.  and  both  forms  decomposed  at  about  270^ 
without  further  purification.  Both  forms  dissolved  in  hot  glacial  acetic 
add  and  also  could  be  recovered  by  cooling.  Rapid  cooling  favored  the 
foraiation  of  the  yellow  modification  and  slow  cooling  the  red  form.  In 
fact,  both  forms  deposited  together  by  proper  regulation  of  the  conditions. 
When  the  yellow  modification  was  heated  at  112^  acetic  acid  was  driven 
off  and  the  red  hydantoin  was  obtained.  Both  modifications  melted 
after  purification  at  273-274**  with  decomposition. 

0.1047  g.  hydantoin  lost  at  112^  0.0195  g.  CHtCOOH. 

Calc.  for  CioH,04N,S.CH,CCX)H:    CH,CCX)H,   18.35.    Found:  18.6. 

Nitrogen  determination  in  pure  hydantoin: 

Calc.  for  CioHp04NiS:  N,  15.74.     ^ovmd:  N,  15.60,  15.75- 

4^(3-Nitn>-4-hydroz7benzyl)-h7dantoin  (XXV). — In  order  to  obtain 
this  hydantoin,  8.7  g.  of  the  corresponding  2-thiohydantoin  were  suspended 
in  a  solution  of  30  g.  of  chloroacetic  acid  dissolved  in  90  cc.  of  water  and  the 
mixture  digested  for  6.5  hours.  After  one  hour's  treatment  the  thiohydan- 
toin had  completely  dissolved.  After  completion  of  the  reaction  the  acid 
solution  was  then  cooled,  when  this  new  hydantoin  separated  in  the  form 
of  rosettes  of  yellow  needles.  The  yield  was  7 . 7  g.  The  hydantoin  was 
purified  by  crystaUization  from  glacial  acetic  acid,  from  which  it  separated 
as  yellow  needles  melting  at  225-226®  to  a  dear  oil.  This  experiment 
^w«  repeated  and  a  quantitative  yield  of  the  hydantoin  was  obtained. 
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The  hydantoin  crystallized  iT^th  a  molecule  of  acetic  add.    This  was  lost 
by  heating  at  iio^.    The  hydantoin  gave  Millon's  test. 

0.8850  g.  loGt  at  no*"  o.  1731  g.  of  CHiCOOH. 

Calc.  for  CioH90iNs.CHtCOOH:    CHtCOOH,  19.3.    Found:  19.5. 

Cak.  for  CioH^OiNs:    N,  16.75.    Found:  N,  16.66. 

This  same  hydantoin  was  obtained  by  demethylation  of  4-(3-nitro-4- 
methoxy benzyl) -hydantoin  (XXVII).*  For  example,  3  g.  of  this  hydan- 
toin were  heated  in  a  bomb  tube  at  100°  for  3  hours  with  50  cc.  of  glacial 
acetic  add,  which  had  been  saturated  at  o^  with  hydrobromic  add  gas. 
On  opening  the  tube  a  dear  solution  was  obtained.  On  allowing  this  to 
stand,  about  0.5  g.  of  a  difficultly  soluble  product  separated  which  did 
not  melt  at  300^.  This  was  separated  and  the  add  solution  evaporated 
to  dryness  under  diminished  pressure.  The  residue  was  then  dissolved 
in  hot  water,  separated  by  crystallization,  and  finally  recrystallized  again 
from  acetic  add.  It  deposited  from  this  solvent  in  the  form  of  rosettes 
of  needles  which  melted  at  223-4**.  A  mixture  of  this  with  some  of  the 
above  hydantoin  of  (?-nitrot)rrosine  melted  at  223-4 **.  Therefore,  the  two 
compounds  were  identical.  This  same  experiment .  was  repeated  with 
3  g.  of  the  methoxyhydantoin  and  the  same  result  again  obtained.  The 
hydantoin  crystallized  in  rosettes  of  needles  and  mdted  at  223-225^. 
It  was  identical  in  every  respect  with  the  hydantoin  prepared  from  nitro- 

tyrosine. 

Calc.  for  CxoH90kNi:    N,  16.75.    Found:  N,  16.55. 

2-Thio-4-(3-nitro-4-methoxybenzal)-hydantoin  (XXXII). — In  order  to 
obtain  this  compound  10  g.  of  2-thio-3-benzoylhydantoin*  and  8.2  g. 
of  nitroanisic  aldehyde  were  heated  with  16  g.  of  anhydrous  sodium 
acetate  and  50  cc.  of  gladal  acetic  acid  for  2 . 5  hoiu-s  at  155  **.  On  cooling, 
the  fluid  completdy  solidified.  ■  This  was  then  thoroughly  disintegrated 
by  treatment  with  500  cc.  of  water  and  the  insoluble  hydantoin  separated 
by  filtration.  The  yield  was  10  g.  The  hydantoin  was  very  soluble  in 
alcohol  and  precipitated  in  a  gdatinous  condition  by  dilution  with  water. 
If  this  gelatinous  predpitate  was  redissolved  in  dilute  alcohol  and  the 
solution  cooled  slowly  the  hydantoin  then  separated  in  star-shaped  crys- 
tals. It  crystallized  from  dilute  acetic  add  as  fiat  prisms.  When  heated 
in  a  capillary  tube  the  compound  began  to  darken  at  240^  and  then  de- 
composed at  255°  with  effervescence. 

Calc.  for  CiiH904NsS:  N,  15.05.    Found:  N,  14.95,  14.92. 

4*(3-Nitro-4-methozybenzal)-h7dantoin  (XXXUI). — This  compound 
has  previously  been  described  by  Johnson  and  Bengis.'  We  obtained  the 
same  hydantoin  by  digesting  the  above  2-thiohydantoin  (XXXII)  with  a 

^  Johnson  and  Bengis,  Loc.  cit. 
*  Johnson  and  Nicolet,  Ia>c.  cU. 
'  Loc.  cU, 
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28%  solution  of  choroacetic  acid.  It  crystallized  from  glacial  acetic  add 
in  slender,  yellow  prisms  which  partially  decomposed  at  278^  and  then 
effervesced  at  284  ^.  From  6  g.  of  the  thio  compound  we  obtained  4.6  g.  of 
the  hydantoin.    Acetic  acid  determination: 

Calc.  for  CuH^iNa-CHiCOOH:    CHtCOOH,  18. 57-    Pound:  18.48. 
Calc.  for  CuHyOiNi:    N,  15.97.    Found:  N,  15.95. 

Hydiochloxide  of  4-(3-Amino-4-hydroz7benzyl)-hydantoin  (XXXI). — 

This  salt  was  obtained  by  digesting  3  g.  of  the  above  benzalhydantoin 
(XXXIII)  with  15  cc.  of  hydriodic  add  and  1.5  g.  of  red  phosphorus. 
After  evaporation  of  the  excess  of  hydriodic  add  the  salt  was  dissolved 
in  water  and  digested  with  an  excess  of  sUver  chloride  to  precipitate 
silver  iodide  and  form  the  hydrochloride.  After  filtering  from  silver 
halides  and  evaporation  of  the  solution  the  hydrochloride  was  crystalUzed 
from  20%  hydrochloric  add.  It  separated  on  cooling  as  burrs  of  small 
prisms  which  decomposed  at  about  285°.  It  crystallized  from  hydro- 
cbloric  add  in  an  anhydrous  condition  while  Johnson  and  Bengis*  ob- 
served it  to  crystallize  from  water  with  one  molecule  of  water.  The  same 
salt  was  also  obtained  when  the  hydantoia  of  nitrotyrosine  (prepared  by 
nitration  of  tyrosine)  was  reduced  with  hydriodic  acid  and  red  phosphorus 
and  the  restdting  hydriodide  digested  with  silver  chloride.  The  hydro- 
chlorides crystallized  in  the  same  manner  and  a  mixture  of  the  two  be- 
haved as  a  definite  substance  when  heated  in  a  capillary  tube.  The  melt- 
ing point  was  not  lowered.  , 

i-Meth7l-4-(3-nitro-4-hydrozyben27l)-hydantoin  (XXXIV). — One  gram 
of  the  hydantoin  of  c?-nitrotyrosine  (XXV)  and  one  molecular  propor- 
tion of  methyl  iodide  were  dissolve  in  30  cc.  of  methyl  alcohol  containing 
0.22  g.  of  potassium  hydroxide  and  the  mixture  heated  on  the  steam  bath, 
with  reflux  condenser,  for  4  hours.  On.  cooling  the  solution,  o .  8  g.  of  the 
potassium  salt  of  the  unaltered  hydantoin  separated,  showing  that  prac- 
tically no  reaction  took  place  under  these  conditions.  The  experiment 
was  repeated  with  the  same  proportions,  but  heated  at  150-155°  for  two 
hours  in  a  pressure  tube.  The  alcohol  solution  was  then  concentrated 
and  finally  diluted  with  water,  when  the  above  hydantoin  separated  'as 
an  oil.  This  dissolved  in  hot  water  and  separated,  on  cooling,  as  an  oil 
which  soon  solidified.  In  crystallized  in  ydlow  balls  of  minute  prisms, 
which  mdted  at  202  **  to  a  clear  oil.  It  gave  a  red  color  with  Millon's  re- 
agent. 

Calc.  for  CuHiiOjNj:  N,  15.85.     Found:  N,  15.9. 

i,3-I>imettiyl-4-(3-nitro-4-hydroxybenzyl)-hydantoin    (XXXV)  .—This 
was  prepared  by  heating  the  hydantoin  of  c?-tyrosine  (XXV)  in  methyl  alco- 
hol solution  with  3  molecular  proportions  of  potassium  hydroxide  and  4 
of  methyl  iodide  for  2  hours  at  155°.     On  pouring  the  alcohol  solution 
'  Loc.  cit. 
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into  cold  water  the  hydantoin  separated.    It  was  purified  by  recrystalliza- 
tion  from  dilute  alcohol  and  spearated  in  the  form  of  balls  of  microscopic 
crystals.    The  compound  melted  from   180-185°  and  gave  a  positive 
test  with  Millon's  reagent.     It  was  dried  for  analysis  at  1 10*'. 
Calc.  for  CitHuOsNi:    N,  15.06.    Pound:  N,  15.22,  15.20. 

2-Thio-4-anisaihydantom  (XZVI). — ^Johnson  and  O'Brien^  first  pre- 
pared this  compound  by  condensing  2-thio-3-benzoylhydantoin  with 
anisic  aldehyde  and  finally  hydrolyzing  the  resulting  benzoyl  derivative 
with  hydrochloric  acid.  The  same  compound  was  prepared  for  our  work 
by  condensing  2-thiohydantoin  with  anisic  aldehyde  in  acetic  add  solu- 
tion  and  in  the  presence  of  sodium  acetate.  From  23  g.  of  the  2-thio- 
hydantoin we  obtained  45  g.  of  the  anisal  compound.  It  vtras  crystallized 
from  glacial  acetic  acid  and  melted  at  260°. 

Calc.  for  CiiHioOiNtS:    N,  11.96.     Pound:  N,  11.95. 

2-Thio-4-anis7lhydantoin  (XZIX). — ^The  hydantoin  was  prepared  by 
reduction  of  the  above  anisalhydantoin  (XXVI)  vrith  sodium  amalgam. 
The  procedure  was  as  follows:  Five  grams  of  the  unsaturated  hydantoin 
were  suspended  in  a  solution  of  65  cc.  of  water  and  10  cc.  of  dilute  sodium 
hydroxide  and  then  100  g.  of  3%  sodium  amalgam  added  in  small  portions 
at  a  time.  The  temperatiu"e  was  kept  at  75°.  After  the  amalgam  had 
been  added  the  solution  was  then  filtered  and  acidified  with  hydrochloric 
acid,  when  the  hydantoin  separated  in  a  crystalline  condition.  The 
3rield  of  crude  material  was  4.5  g.  In  order  to  destroy  any  hydantoic 
acid  present  this  material  was  suspended  in  hydrochloric  add  and  the 
mixture  heated  on  the  steam  bath.  The  acid  was  finally  completely 
evaporated  and  the  hydantoin  purified  by  crystallization  from  acetic  add. 
It  separated  from  this  solvent  in  plates  and  mdted  at  215°. 

Calc.  far  CuHiiOiNiS:    N,'  11.87.    Pound:  N,  12.0,  11.93. 
Nbw  Hav«h,  Conn. 
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TION, AND  IN  MIXTURES  OF  GLACIAL  ACETIC  ACID 
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Introduction. 
As  is  well  known,  many  reactions  in  organic  chemistry  have  been  found 
to  proceed  most  smoothly  in  glacial  acetic  acid,  and  this  cannot,  in  every 
*  Loc.  cU. 
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instance,  be  ascribed  to  the  mere  fact  that  the  glacial  acetic  acid  is  a  bet- 
ter solvent  than  other  media  for  the  reacting  constituents.  Water-free 
acetic  add  is  beyond  doubt  in  many  cases  a  direct  catalyst.  In  the  work 
hereiii  described,  the  observation  has  been  made  that  cyanic  add  does  not 
react  with  ethyl  hydrazoisobutyrate 

(CH«),C— NH— NH— C(CH,)i 


COOCJI*  COOCiHt 

in  water  solution,  but  in  gladal  acetic  acid,  the  two  substances  at  room 
temperature  condense  readily  with  the  formation  of  the  ethyl  ester  of 
i-isobutyric  add  amino-5-dimethylhydantoin, 

(CH,),CNH ^N C(CH,), 


COOCH*  CO    CO 

\y 

NH 

Bailey  and  Snyder^  carried  out  ''experiments  without  result  to  convert 

iminoacetonitrile,   NH(CH2CN)2,  to  its  tu-eido  derivative  in  the  usual 

way  by  the  action  of  potassium  cyanate  on  the  hydrochloride  of  this  amine 

in  water,  solution."     On  the  other  hand,  "by  treatment  of   iminoaceto- 

nitrile  in  gladal  acetic  acid  with  potassium  cyanate,  saponification  of  the 

ureido  derivative  thus  formed,  and  then  esterification,"  they  obtained 

ethyl  hydantoin- 1 -acetate, 

NH COv 

I  ^NCHaCOOCH*. 

CO CH/ 

The  use  of  glacial  acetic  add  as  a  solvent  in  effecting  the  condensa- 
tion of  cyanic  add  with  benzylidene  hydrazones  is  discussed  ftulher  on. 

A  careful  survey  of  the  literature  has  not  revealed  the  use  of  glacial 
acetic  add  by  any  previous  investigators  as  a  solvent  for  cyanic  add, 
although  this  solvent  is  frequently  used  in  connection  with  isocyanates 
and  mustard  oils. 

Adolf  Sonn^  has  recently  announced  a  valuable  method  of  preparation 
qI  substituted  ureas,  which  consists  in  heating  primary  amines  with  urea 
or  mono-substituted  ureas  in  gladal  acetic  acid  solution.  He  states  that 
"in  place  of  urea,  ammonium  sulfocyanide  can  be  used,"  and  describes 
the  preparation  of  diphenyl  urea  by  heating  aniline  with  ammonium 
sulfocyanide  in  gladal  acetic  add.  However,  at  the  time  of  the  publica- 
tion of  Sonn's  article,  the  work  described  by  us  had  been  practically  com- 

Ordinarily,  the  addition  of  cyanic  add  on  both  primary  and  secondary 
amines  proceeds  smoothly  in  water  solution,  and  in  such  cases  the  use 

^  Tms  Journal,  37,  940  (1915)- 
*  B«r.,  47,  2437  (1914)- 
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of  glacial  acetic  acid  is  of  cotirse  not  to  be  recommended;  but  it  may  be 
that  this  modification  of  the  m'ea  S3mthesis  will  find  further  application 
m  cases  similar  to  the  ones  dted  above,  where  the  addition  of  cyanic 
acid  takes  place  with  difiiculty,  if  at  all,  in  water.  Furthermore,  experi- 
ments are  being  conducted  in  this  laboratory  toward  an  extension  of  the 
condensations  of  cyanic  add  with  gladal  acetic  add  as  the  reacting  medium. 

As  a  number  of  common  organic  solvents  are  misdble  with  glacial  acetic 
add,  experiments  were  instituted  with  mixtures  of  acetic  add  with  chloro- 
form, benzene,  and  absolute  alcohol  as  media  for  effecting  the  condensation 
of  cyanic  add  with  ethyl  hydrazoisobutyrate.  It  was  found  that  these 
substitutes  for  gladal  acetic  add,  within  certain  limits  at  least, 
were  as  effective  as  the  acetic  acid  itself,  so  that  in  all  prob- 
ability the  use  of  these  mixed  solvents  will  find  application  in  cer- 
tain cases  where  their  solvent  action  is  greater  than  that  of  the 
simple  gladal  acetic  add.  Furthermore,  in  working  with  ethyl  hydrazo- 
isobutyrate, it  was  found  that  the  addition  of  cyanic  add  takes  place 
in  an  aqueous  acetic  add  where  the  percentage  of  the  acetic  add  is  above 
thirty.  However,  the  yidd  of  the  desired  reaction  product  is  far  bdow 
that  obtained  in  a  medium  of  gladal  acetic  add.  It  appeared  possible 
that  an  excess  of  mineral  add  might  serve  the  same  purpose  as  the  glacial 
acetic  acid,  but  it  was  observed  that  in  aqueous  solution,  no  reaction 
takes  plape  between  cyanic  acid  and  ethyl  hydrazoisobut)nrate,  dther 
when  the  calculated  amount  of  hydrochloric  acid  or  one  mol  in  excess  is 
employed. 

Knorr  and  Kohler*  have  shown  that  cyanic  add  reacts  with  hydrazo- 
methane  in  water  solution,  forming  dimethylsemicarbazide, 

NH2C0N(CHs)NHCH^ 

which,  as  far  as  our  informatiop  goes,  was  the  first  observed  instance 
of  a  hydrazo  compotmd  behaving  like  a  secondary  amine  towards  cyanic 
add.  Researches  carried  out  in  this  laboratory*  have  shown  that  hydrazo 
adds  readily  condense  with  mustard  oils  and  isocyanates,  forming  sub- 
stituted hydantoins;  but  as  a  rule  hydrazo  bodies  do  not  react  readily 
with  mustard  oils,'  although  they  react  more  readily  with  isocyanates.^ 

As  stated  above,  cyanic  acid  and  ethyl  hydrazoisobut3rrate  react  in 
molecular  proportions  in  gladal  acetic  add  with  the  formation  of  the 
ethyl  ester  of  i-isobutyric  add  amino-5-dimethylhydantoin.  The  con- 
stitution of  this  addition  product  of  cyanic  add  on  ethyl  hydrazoiso- 
butyrate was  established  beyond  question  by  its  conversion  to  i-amino- 
5-dimethylhydantoin,   and  the  synthesis  of  the  latter  compound  from 

^  Ber.,  39,  3263  (1906). 

*  Tms  Journal,  26,  1006  (1904). 
*Ber.,  25,3115  (1892). 

*  Ibid.,  23,  490  (1890). 
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lydrazmoisobutyric  acid.     The  ester  of  the  isobut3Tic   acid  aminodi- 

methylhydantoin    is   readily    oxidized  in  the  cold,  bromine  water,  for 

example,  giving  in  quantitative  yield  a  nonvolatile  oil,   for  which  we  have 

tentatively  assigned  the  formula 

NH  NH         . 

/\  /\ 

CO     CO  CO     CO 


(CHt),C N—S N—N-^ C(CHj),. 


(CH,),C— COOCHi     (CH,),C— COOCaH, 

It,  furthermore,  behaves  as  a  secondary  amine  toward  nitrous  acid  in 
the  formation  of  a  stable  nitroso  compound.  Heated  with  sulfuric  acid, 
the  isobut3rric  add  aminohydantoin  ester  hydrolyzes  to   i-amino-5-di- 

nethylhydantoin, 

NHiN C(CH,),. 


CO     CO 

\y 

NH 
The  hydrazine  character  of  the  latter  substance  is  shown  in  its  ready 
CQQdensation  with  benzaldehyde. 

As  a  definite  proof  of  the  constitution  of  the  reaction  product  of  sulfuric 
add  on  the  ester  of  isobutyric  acid  aminodimethylhydantoin  as  i-amino- 
5-dimethylhydantoin,  the  synthesis  of  this  substance  from  hydrazino- 
isobutyric  add^  and  cyanic  add  was  attempted.  However,  here  the  cyanic 
add  adds  to  the  /^-nitrogen,  forming  semicarbazinoisobutyiic  add, 

Ha.NHJ^HC(CH8)2COOH  +  KCNO  = 

NH,CONHNHC(CH,)2COOH  +  KCl. 

A  similar  action  of  cyanic  add  was  observed  by  Darapsky  and  Berger* 
in  the  preparation  of  ethyl  semicarbazinobenzylacetate, 

NH2CONHNHCH(CH2CcHft)COOQH6, 

whereas  Darapsky  and  Prabhakar'  found  that  ethyl  hydrazinophenyl- 
^tate  and  cyanic  add  give  an  addition  product  with  the  carbonamide 
rest  on  the  a-nitrogen,  of  the  following  constitution : 

NH,N(CONH2)CH(C6H6)COOC2H5 
W.  Traube  and  Hoffa*  have  made  the  interesting  observation  that  ethyl 
hydrazinoacetate  yields  both  of  the  possible  ureido  derivatives: 
NH2CONHNHCH2COOC2H6  and  NHjNCCONHOCHjCOOCjHj 

Miw..  290,  17  (1896). 
'Dissertation  (Heidelberg),  191 2. 
*Ber.,  45,  1658  (1912). 
*/Wd.,  31,  162  (1898). 
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Phenylhydrazine  condenses  in  a  similar  way  with  phenyl   mustard  oil,* 
giving  two  products  of  the  constitution: 

CeHfiNHNHCSNHCeHs  and  NH2N'(CSNHC«H6)C«H5 
An  interesting  method  of  preparing  a-ureidoderivatives  of  hydrazinoacids^ 
available  where  they  cannot  be  prepared  by  the  direct  action  of  cyanic  add 
on  the  hydrazino  acids,  is  described  in  the  experimental  part  of  this  arti* 
cle,  which  method  starts  with  the  addition  of  cyanic  add  on  benzylidene 
hydrazino  acids.     For  example,  benzylidene  hydrazinoisobutyric  add, 

CeHftCH  =  N  —  NHC(CH3)«C00H,« 

reacts  readily  in  gladal  acetic  add  with  cyanic  add,  yielding  i -benzylidene 

amino-5-dimethylhydantoin, 

CHiCH  -  N— N C  (CH,),. 

I         I  1 

CO     CO  i 

\y  1 

NH  ; 

Attempts  to  effect  this  reaction  in  aqueous  solution  failed.     The  benzyl-  | 
idene  compound  of   the  aminodimethylhydantoin  can  be  easily  hydro- ' 
lyzed,    forming    the    corresponding    aminodimethylhydantoin,  identical 
with  the  reaction  product  of  sulfuric  add  on  the  ethyl  ester  of  i-isobutyric  . 
add  amino-5-dimethylhydantoin.     Busch  and  Walter'  employed  a  method 
similar  to  the  one  followed  above  to  obtain  a-phenylsemicarbazide, 

C6H6N(CONH,)NHj, 

from  benzylidene  phenylhydrazine, 

CcHtCH  =  N  —  NHCflHfi. 

However,   the  intermediary  benzylidene-a-phenylsemicarbazide,    accord-  \ 
ing  to  oiu-  observations,  cannot  be  prepared  by  the  modified  Wohler  syn-  | 
thesis  used  by  us  in  the  case  of  benzylidene  compounds  of  hydrazino  i 
adds.     Busch  obtained  his  ureido  compound  by  treating  benzylidene 
phenylhydrazine  with  carbonyl  chloride,  and  the  resulting  benzylidene 
phenylhydrazinecarboxylic  add  chloride, 

C6HbN(C0C1)N  =  CHQHft, 

>  Ber.,  34,  321  (1901). 

*  By  J.  R.  Bailey  and  L.  A.  Mikeska:  The  benzylidenehydrazinoisobutirric  add 
used  in  the  above  experiment  was  obtained  by  treating  a  hydrazine  solution  with  oat 
mol  of  acetone,  adding  sodium  bisulfite  on  the  resulting  hydrazone  {Ber,,  37,  4073 
(1904);  This  JoxTRN Air,  37,  936  ( 1 915))  replacement  of  the  sulfonic  add  rest  by  tbe 
CN  group,  saponification  of  the  resulting  nitrile,  and  treatment  of  the  hydrazino  add 
thus  formed  with  benzaldehyde.  This  method  of  preparation  of  benzylldeiie 
hydrazinoisobut3rric  add,  and  consequently  of  hydrazinoisobutyric  add  itself,  is  to 
be  preferred  in  point  of  simplidty  to  the  method  of  Thide  and  Heuser  (Atm.,  290^  15 
(1896))  where,  although  the  yields  are  excellent,  the  procedure  is  complicated  by  the 
number  of  steps  involved  and  the  time  required  for  their  completion. 

» Ber.,  36,  1359  (1903). 
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with  ammonia.  Attention  is  directed  to  the  fact  that  the  cyanic  add  re- 
action with  the  benzylidene  compounds  of  hydrazino  acids,  apart  from 
its  preparative  value,  may  be  used  to  characterize  hydrazfno  adds. 

Experimental  Part. 

Preparation   of  the   Ethyl   Eater   of    x-Isobutyric   Add  Amino-5- 
Dimethylhydantoin  1 

(CH,),C ^NH N C(CH,),. 

•    I  II 

COOCH*    CO     CO 

\y 

NH 

— ^35  S-  ^^  ethyl  hydrazoisobutyrate,  prepared  according  to  the  method 
(rf  Thiele  and  Heuser,  ^  are  dissolved  in  70  cc.  of  gladal  acetic  acid,  and  then 
a  slight  excess  of  solid  potassium  cyanate,  18  g.,  added  in  small  portions 
during  an  interval  of  forty-five  minutes,  the  temperattu'e  being  kept  below 
40®.  The  reaction  at  first  proceeds  without  gas  evolution;  but  at  the  end 
d  one  hour  the  temperattu'e  of  60^  is  maintained  in  the  solution  for  thirty 
minutes,  during  which  time  there  is  some  gas  evolved.  Potassium  cyan- 
ate,  when  dissolved  in  pure  glacial  acetic  acid,  gives  off  carbon  dioxide 
quite  vigorously,  even  when  the  temperature  is  kept  below  40**.  To 
isolate  the  reaction  product,  the  acetic  add  solution  is  diluted  to  three 
times  its  volume,  and  the  add  neutralized  with  ammonia,  while  the  con- 
tainer is  immersed  in  ice-water.  The  larger  part  of  the  hydantoin  com- 
pound crystallizes  out,  and  a  further  small  amount  can  be  obtained  by 
extraction  with  chloroform.  The  yidd  is  about  86%  of  the  theoretical. 
The  new  substance  is  readily  soluble  in  the  common  organic  solvents, 
petrolic  ether  excepted.  For  analysis  it  was  crystallized  from  a  benzene- 
petrolic  ether  mixture,  and  finally  from  50%  alcohol..  Prom  the  latter 
«^ent  it  can  be  obtained  in  plates  resembling  rhombic  prisms.  The 
"Vibstance  mdts  at  104-105^.  It  does  not  dissolve  in  dilute  mineral 
adds  in  the  cold,  but  slowly  dissolves  in  50%  sulfuric  add  on  heating 
irith  the  elimination  of  the  isobutyric  add  rest.  Even  in  the  cold  it  re- 
duces bromine  water  instantaneously  and  permanganate  slowly.  In  the 
preparation  of  the  above  isobutyrica  dd  aminodimethylhydantoin  ester  it 
is  possible  within  certain  limits  to  use  mixtures  of  glacial  acetic  add  with 
various  organic  solvents  without  materially  affecting  the  yidd,  and  it  was 
farther  observed  that  the  reaction  also  takes  place  in  aqueous  acetic  add 
of  a  concentration  above  30%,  but  with  diminished  yield  depending,  no 
doubt,  on  the  amount  of  water  present.  Our  attempts  to  condense  hy- 
drazoisobutyTic  add  itself,  as  wdl  as  the  corresponding  nitrile,  with 
cyanic  add  by  the  method  employed  above  for  the  ester  were  unsuc- 
cessful. 

»  Ann.,  390,  29  (1896). 
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Calc.  for  C11H19O4N1:    C,  51 -36;  H,  7.39;  N,  16.34. 
Found:  C,  51.46;  H,  7.59;  N,  16.63. 

Oxidation  Product  of  the  Ethyl  Ester  of  Isobutyric  Acid  Aminodimetfajfl- 
hydantoin  with  Bromine. — ^The  oxidation  can  be  carried  out  either  in  a 
dilute  alcohol  solution,  or  in  50%  acetic  acid.  In  one  experiment  7  g. 
of  the  hydantoin  compound  were  dissolved  in  20  cc.  of  glacial  acetic  add 
and  in  the  course  of  the  oxidation  a  total  of  20  cc.  of  water  added.  It 
was  found  convenient  to  aspirate  the  bromine  into  the  acetic  add  until 
it  imparted  for  five  minutes  a  deep  yellow  color  to  the  solution.  The 
excess  of  bromine  was  then  discharged  by  leading  in  sulfurous  acid  gas. 
The  acid  was  next  neutrahzed  with  ammonia,  whereupon  an  oil  separated 
and  a  further  amount  was  obtained  by  shaking  out  the  aqueous  laj'er 
with  ether.  This  oil  decomposes  at  about  wo°  in  vacuo  with  steady  gas 
evolution  and  with  the  sublimation  of  a  beautifully  crystallizing  white 
solid,  probably  acetonyliu'ea, 

NH— C(CH,),. 


CO     CO 

NH 

— ^The  oil,  dissolved  in  absolute  alcohol,  separates  out  a  white  crystalline . 
substance  on  the  addition  of  sodium  alcoholate.    For  analysis  a  sample  1 
of  the  oil  in  ether  was  dried  with  potassium  carbonate,  and  the  ether  i 
removed  at  60  **  in  vactu).    This  oil,  which  has  a  specific  gravity  i  .0524, 
is  probably  the  ethyl  ester  of  bis- 1 -isobutyric  add  amino-5 -dimethyl- 
hydantoin.     However,  the  product  has  so  far  not  been  prepared  sufficiently 
pure  to  ftunish  a  conclusive  analysis. 

Calc.  for  CsjHseOtNft:     C,  51.56;  H,  7.03;  N,  16.41. 
Found:  C,  49.71;  H,  8.09;  N,  17.98. 

Ethyl  Ester  of  Nitroso-i-Isobutyric  Acid  Amino-s-Dimethylhydantoin, 

(CH.),C N(NO)N C(CH,),. 


COOCH,    CO      CO 

\y 

NH 

— ^The  hydantoin  ester  "is  dissolved  in  gladaJ  acetic  add,  the  soluticD 
cooled  in  ice- water,  and  one  and  a  half  mols  of  solid  sodium  nitrite  stirred 
in.  After  the  reaction  is  complete,  the  acetic  add  is  neutralized  with 
ammonia,  whereupon  the  nitroso  derivative  precipitates.  Its  solubili- 
ties are  similar  to  those  of  the  mother  substance.  From  water  it  crys- 
tallizes in  laminae  of  thin  plates  of  a  faint  yellow  color,  which  melt  unde- 
composed  at  104  **.    The  substance  gives  the  Liebermann  reaction. 

Calc.  for  CiiHiaOiN4:    C,  46.15;  H,  6.29;  N,  19.58. 
Pound:  C,  4iS.o5;  H,  6.44;  N,  19.84. 
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Nitroso-z-isobutyiic  Acid  Amino-s-Dimethylhydantoin. — ^The  nitroso 
ester  described  above  is  wanned  for  thirty  minutes  with  a  shght  excess 
of  strong  potassium  hydroxide  solution.  On  neutralizing  with  hydro- 
chloric add  under  cooling,  the  nitroso  acid  separates  out.  It  is  soluble 
in  alcoholy  acetic  ether,  ether,  and  water,  crystallizing  from  the  latter 
solvent  in  minute  rhombic  plates,  which  melt  at  165^  with  decomposi- 
tion. 

Calc.  for  CtHi^iN4:    C,  41.86;  11,5.43;  N,  21.71. 

Potmd:  C,  41.80;  H,  5.72;  N,  21.73. 

i-Isobu^yiic  Add  Amino-s-Dimethylhydantoin.  —  The  hydantoin 
ester  is  readily  saponified  by  treatment  with  a  slight  excess  of  strong 
potassium  hydroxide  solution  for  fifteen  minutes  at  water-bath  tempera- 
ture. On  addif3ring-  with  hydrochloric  add,  the  hydantoin  add  crys- 
tallizes out.  It  is  readily  soluble  in  alcohol,  acetic  ether  and  hot  water, 
moderatdy  soluble  in  chloroform  and  ether,  and  difficultly  soluble  in 
benzene.  Purified  from  water,  the  acid  is  obtained  in  long,  slender, 
prismatic  plates,  melting  at  192.5^  undecomposed.  Above  200^  it  de- 
composes with  gas  evolution,  and  on  cooling  remains  viscous. 

Calc.  for  CtHuOfNt:  C,  47. 16;  H,  6.55;  N,  18.34. 
Potmd:  0,46.96;  H,  6.62;  N,  18.55. 

i-AminLO-s-Dimethylhydantoin, 

NHiN C(CH|),. 

I  I 

CO    CO 

\/ 

NH 

—6  g.  of  the  hydantoin  ester  are  put  into  30  cc.  of  50%  sulfuric  add,  and 
the  mixture  heated  in  an  oil  bath  at  iio^  for  four  hours  after  complete 
solution  has  been  effected.    The  reaction  is  attended  with  a  vigorous  gas 
evolution.     For  the  isolation  of  the  aminohydantoin,  the  sulfuric  add 
is  carefully  poured  into  an  excess  of  ammonium  hydroxide  with  cooling, 
the  solution  evaporated  to  dryness  in  vacuo,  and  the  residue  extracted 
with  acetic  ether.    This  hydrazine  is  readily  soluble  in  water  and  the  com- 
mon organic  solvents,  petrolic  ether  excepted.     Purified  by  crystalliza- 
tion from  benzene  and  then  from  acetic  ether,  it  is  obtained  in  long, 
slender  prisms,  melting  undecomposed  at  170®.     It  readily  forms  a  ben- 
zoyl and   a   benzylidene   derivative.    The   hydrazine  reduces   bromine 
^ter,  permanganate  and  mercuric  oxide  in  the  cold  and  there  separates 
in  extremely  poor  yield  a  small  amount  of  an  oxidation  product,  the  in- 
vestigation of  which  will  be  taken  up  later.     It  is  to  be  expected  that  condi- 
tions will  be  established  "here  for  obtaining  the  oxidation  product,  which 
is  probably  a  tetrazene,  in  satisfactory  yidd.^ 
^  Tbis  JousNAir,  30, 141 2  (1908). 
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Calc.  for  CsHflOsNi:    C,  41.96;  H,  6.39;  N,  29.37. 
Pound:  C,  41.98;  H,  6.38;  N,  29.61. 

i-Benzoylamino-s-Dimethylhydantoiiiy 

C«H,CONHN C(CH,),. 


CO     CO 

\y 

NH 

— One  gram  of  the  aminohydantoin  is  boiled  with  one  mol  of  benzoyl  chlo- 
ride in  acetic  ether  solution  for  one  hour.  Reaction  takes  place  readily 
and  one-half  of  the  aminohydantoin  separates  as  the  hydrochloride. 
This  salt  was  not  analyzed.  After  filtration,  the  acetic  ether  solution 
is  evaporated  to  dryness,  any  benzoic  add  removed  by  extraction  witk 
ether,  and  the  residue  crystallized  from  water.  Thus  piuified  it  mdtf 
at  241°  to  a  clear  liquid  undecomposed. 

Calc.  for  CisHitOtNi:    N,  17.00. 
Pound:  N,  17.02. 

i-Benzylideneamino-s^DimettiyUiydantoin, 

CeHiCH  -NN C(CH,),. 


CO     CO 

\y 

NH 

— ^The  benzylidene  compotmd  separates  in  quantitative  3deld  on  shaking 
an  aqueous  solution  of  the  aminohydantoin  with  the  calculated  amount 
of  benzaldehyde.  By  recrystallization  from  alcohol  it  can  be  obtained 
in  long  needles,  melting  tmdecomposed  at  191-192^.  The  substance  is 
readily  soluble  in  ether,  benzene  and  chloroform,  and  almost  insoluble  in 
water. 

Cala  for  CijHwOjNj:     C,  62.34;  H,  5.63;  N,  18.18. 
Found:  C,  62.43;  H,  5.78;  N,  18.45. 

The  above  hydrazone  can  also  be  prepared  by  condensing  cyanic  add 

with  benzylidene  hydrazinoisobutyric  add^  as  follows:    The  latter  sub- 

1  PreparaUon  of  BensyUdeite  HydrasinaisobiUyric  Acid. — 20  g.  of  hydrazme  sulfate 
in  50  cc.  of  water  are  converted  to  the  add  salt  (NHtNHs)s.HsS04  by  the  addition  of 
21.2  g.  of  potassium  carbonate.  17.8  g.,  one  mol,  of  acetone  are  next  added  under 
cooling,  and  this  solution  is  then  treated  with  a  concentrated  solution  of  one  mol  of 
sodium  add  sulfite.  After  standing  two  hours  10  g.  of  potassiiun  cyanide,  one  moi» 
is  added  to  the  solution,  whereupon  a  supernatant  layer  of  oil  separates.  In  order 
to  convert  the  hydxazinoisobutyronitrile,  NHtNHC(CHs)3CN,  to  its  amide,  the  mix- 
ture is  allowed  to  stand  twenty-four  hours  with  twice  its  volume  of  concentrated  hydro- 
chloric add,  and  saponification  finally  effected  by  boiling  the  solution  for  one  boor. 
The  excess  of  mineral  acid  is  removed  by  distillation  ip^  vacuo,  the  residue  taken  np 
with  a  little  water,  an  excess  of  sodium  acetate  added,  and  the  solution  treated  in  the 
usual  way  with  benzaldehyde.  In  this  way  a  mixture  of  benzylidene  hydrazincnsobntyric 
add  and  benzalazine  is  obtained.     The  method  of  Thide  and  Heuser  (Ann.,  390,  16 
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stance  in  glacial  acetic  add  is  treated  with  potassium  cyanate  by  the 
method  described  above  in  the  preparation  of  the  ethyl  ester  of  i-isobutyric 
add  ainino-5-diniethylhydantoin.  The  reaction  mixture  is  allowed  to 
stand  twelve  hours,  and  is  then  diluted  to  eight  times  its  volume,  where- 
vpoa  the  difficultly  soluble  i-benzylidene  amino-5-dimethylhydantoin 
separates.  Working  with  5  g.  of  benzylidene  hydrazinoisobutyric  add 
in  50  cc.  of  gladal  acetic  add,  4.6  g.  of  the  condensation  product  were 
obtained,  and  this  proved  identical  with  the  product  described  in  the 
infegoing  preparation.  The  benzylidene  compound  thus  obtained  for 
^pther  confirmation  of  its  constitution  was  submitted  to  steam  distilla- 
Itian  in  the  presence  of  one  mol  of  sulfuric  add.  Benzaldehyde  collected 
the  receiver  and  i-amino-5-dimethylhydantoin  was  isolated  from  the 
ticm  in  the  distillation  flask  by  the  method  employed  above  in  the 
paration  of  this  substance.  All  attempts  to  condense  cyanic  add  with 
lidene  hydrazinoisobut3rric  add  in  water  solution  failed. 

Action  of  Potassium  Cyanate  on  the  Hydrochloride  of  Bthyl  Hydrazine^ 
iMimtyrate. — ^To  2.9  g.  of  ethyl  hydrazinoisobutyrate,  prepared  accord- 
ing to  the  method  of  Thiele  and  Heuser,^  was  added  the  calculated  amotmt 
4i  hydrochloric  add,  and  then  i .  8  g.  of  potassium  cyanate.  After  stand- 
ing overnight,  the  solution  did  not  react  with  benzaldehyde,  a  proof  that 
no  aminodimethylhydantoin  is  formed.  Extraction  with  chloroform 
yielded  a  product  that  proved  to  be  ethyl  semicarbazinoisobut3rrate, 

NH2CONHNHC(CHa)2COOCiH6.* 
As  further  confirmation,  a  nitrogen  determination  was  made. 

Calc.  for  CTHuOtNt:  N,  22 .22.     Pound:  N,  22 .  13. 


IHE  VAPOR  PRESSURE  OF  ETHANE  AND  ETHYLENE  AT  TEM- 
PERATURES BELOW  THEIR  NORMAL  BOILING  POINTS^ 

Bt  G.  a.  Bukjukll  and  I.  W.  Robbktson. 
Received  Jane  3,  1915. 

The  authors  of  this  report  have  needed  at  various  times,  in  working 
91  the  condensation  of  the  constituents  in  natural  gas,  and  in  studying 
tte  separation  of  gas  mixtures  by  fractionally  distilling  them,  certain 

{1896])  may  be  txsed  to  remove  the  benzalazine.  Stir  the  mixture  of  benzaldehyde  com- 
innds  with  a  little  dilute  ammonia,  and  after  the  benzylidene  hydrazinoisobut3rric 
^oA  has  completely  dissolved,  filter  from  the  undissolved  benzalazine.  Finally  ex- 
tiact  the  last  traces  of  benzalazine  from  the  ammonia  si^ution  with  ether  and  then 
llRcipitate  the  benzylidene  hydrazino  acid  by  neutralizing  with  dilute  acetic  add. 
^  yield  obtained  was  about  42%  of  the  theoretical  (Bailey  and  Mikeska). 

'LoccU. 

*Am.  Chem.  /.,  2S,  386  (1902). 

'  Published  by  permission  of  the  Director  of  the  Bureau  of  Mines. 
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vapor-pressure  measurements  of  gases  at  low  temperatures.  These 
have  not  been  determined  in  the  case  of  ethylene,  and  only  fen*  a  limited 
range  (20°  below  the  normal  boiling  point)  in  the  case  of  ethane.  Hence 
in  this  paper  are  shown  observations  from  760  mm.  down  to  i  mm. 
yapor  pressures  of  propane,  propylene,  N-butane,  iso-butane,  butylene! 
and  acetylene  will  follow  in  subsequent  articles 

Experimental.  r 

The  apparatus  with  which  the  work  was  performed  is  shown  at  Figs^ 
I  and  2.  Referring  to  Fig.  i :  The  gas  whose  vapor  pressure  was  measurem 
was  confined  in  the  glass  bulb  b.  The  latter  communicated  on  one  sida 
with  a  manometer  and  on  the  other  side  with  a  Tdpler  pump.  The  bam 
liquid  was  confined  in  a  Dewar  flask  about  35  cm.  high  and  10  cm.  wide 
inside  measurements.     It  was  not  silvered,  hence  temperatures  on  pentanl 

i 


1 

Fig.  I , — Vapor-pressure  apparatus  and  cooling  arrangenieiit.  i 

thermometers  could  be  observed  through  its  walls,  e  is  a  drculatoc] 
pump  operated  by  a  small  electric  motor.  The  bath  liquid  (natural-g^ 
gasoline)  was  drawn  into  the  pump  at  the  base  and  discharged  tliroudi 
four  holes  in  the  casing.  By  this  means  vigorous  and  efficient  stirriii 
was  accomplished,  c  is  a  pentane  thertnometer  for  registering  tempeia 
tures.  ci  is  a  glass  test-tube  open  at  the  top  into  which  liquid  air  wfl 
forced  from  the  Dewar  flask  through  the  tube  h,  for  the  purpose  of  coolinj 
the  bath.  This  arrangement  of  cooling  and  maintaining  constant  teffi 
peratures  was  devised  by  Henning.'  The  tube  h  is  double-walled  anl 
evacuated.  At  one  end  it  passes  through  the  two-hole  stopper  k  and  dip 
'  F.  Hennms.  Z.  InslmmerUkunde,  33,  33  (1913). 


VAPOR   PRBSSUKB  OF  STHANB  AND  BTHYLBNE.  1895 

beneath  the  surface  of  the  liquid  air  in  /.      Another  glass  tube  is  shown 
passing  through  the  stopper  k.     It  was  not  immersed  in  liquid  air.     A 
Tubfoer  tube  joined  it  to  g.    The  latter  is  shown  dipping  beneath  a  cylinder 
of  water,  m.     By  lowering  or  raising  g  mcve  or  less  pressure  was  exerted 
in  /  and  varying  quantities  of  liquid  air  could  be  forced  through  k  into 
d.    The  depth  of  immersion  of  the  tube  g  could  be  so  regulated  that 
just  enough  liquid  air  could  be  forced  into  d  to  compensate  for  the  heat 
absorption  of  the  bath,  thereby  maintaining  the  temperature  of  the  bath 
constant  within  0.04°,  although  temperatures  could  not  be  determined 
with  that  degree  of  precision.     However,  close  to  the  normal  boiling 
point  of  ethane,  the  temperature  changes  about  4°  for  each  100  mm., 
ot  0.04  "  per  mm. ,  and  no  trouble  was  experienced  in  maintaining  pressures 
aM^tant  to  i  mm.,  close  to  the  boiUng  point  of  ethane  (or  ethylene)  for 
as  long  as  15  minutes,  the  maximum  length  of  time  the  bath  was  kept 
o3nstant  at  one  observation.     By  constantly  dropping  a  little  water  into 
the  glass  cylinder  m,  to  keep  the 
water  level  therein  always  at  the  "^  "■ 
same   height   above  'the   liquid-air 
level   in  /,'   constant  temperatures 
could  be  maintained  as  long  as  the 
liquid  air  lasted.     The  bath  liquid 
was  casing-head  gasoline  obtained 
at  a  "plant"  where  gasoline  is  ex-     ■ 
tracted  from  natural  gas  by  subject- 
ing it  to  a  pressure  of  250  lbs.  per 
sqnaie  inch  and  cooling,  at  ordinary 
temperatures.   This  condensate  con- 
tained   a  large   proportion   of  the 
liquid  butanes  and  propane,  besides 
some  of  the  ordinary  gasoline  con- 
stitaents,  the  pentanes,  hexanes,etc., 
and  did  not  jelly  when  the  %hter 
portions  were  used,  until  a  tempera- 
ture of  —175°  was  reached.* 
Two   views   of    the    manometer 

,  .    r--  ^  Fie.  2. — Mercury  manometer, 

an  shown  at  Fig.  2.     In  some  re- 
spects it  is  similar  to  one  described  by  Germann.' 

'  Ai  the  liquid  air  in  /  evapcoates  its  level  dianges,  and  hence  the  difference  in 
hd^t  between  its  level  and  the  water  level  in  m  changes. 

*  A  steel  tank  such  as  is  used  for  confining  gases  imder  heavy  pressure  was  shipped 
to  the  mUiral-gas-gasolfaie  plant  ot  the  Bessemer  Gas  Engine  Co.  at  Pollansbee,  W. 
Va.,  wboe  h  was  filled  under  pressure  with  the  gasoline. 

'  A.  P.  O.  Gcnnann,  "A  modified  predaion  barometer,"  THIS  Jousnai,,  36,  2456, 
1459  (1914]- 
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The  glass  parts  were  thoroughly  cleaned  and  dried  and  purified  tno-cury^ 
poured  into  the  leveling  bottle  h.    The  latter  was  then  raised  high  enoi]|^] 
to  force  mercury  into  the  capillary  b  and  reservoir  c.     Next,  h  was  loweredi 
whereupon  the  merctuy  column  fell,  leaving  a  mercury  seal  in  b  and  c 
and  a  vacuum  above  the  column  in  a.    The  precaution  recommended  bf\ 
Oermann  to  clear  the  space  above  the  mercury  of  traces  of  air  was  fotj 
lowed  out  as  follows:    Several  days  after  the  filling  of  the  manometer, 
a  water  pump  was  attached  to  the  mercury  trap  /  and  the  trace  of  air  thaij 
had  accumulated  in  a  removed,    d  and  e  were  filled  with  soda  lime.    The] 
scale  of  the  manometer  was  made  of  steel,  and  graduated  in  0.5  mm.] 
It  was  checked  against  a  cathetometer^  with  a  rod  of  carefully  ground 
steel,  carrying  a  scale  divided  into  millimeters  and  fitted  with  a  vemierl 
to  read  to  o.i  mm.     It  was  also  checked  against  a  precision  barometer j 
owned  by  the  Bureau  of  Mines. 

Preparation  of  Gases. — Ethylene  was  prepared  by  heating  sulfi 
add  and  ethyl  alcohol  together  at  a  temperature  of  165°.  The  evob 
gases  were  passed  through  caustic  potash  and  phosphorus  pentoxii 
Next  they  were  fractionated  at  the  temperattu'e  of  liquid  air,  and  air^ 
together  with  any  carbon  monoxide  or  hydrogen  formed  in  the  reaction^j 
was  withdrawn  with  a  Topler  pump.*  Fractionation  at  this  tem| 
ture  was  repeated  tmtil  no  more  gas  was  removed  by  the  pump.  The  ga»j 
was  ftulher  fractionated  at  a  temperature  not  higher  than  — 140**.  At 
this  temperature  ethylene  was  withdrawn  by  means  of  the  pump,  and 
traces  of  water  vapor  or  other  gases  of  much  higher  boiling  point  tixm 
ethylene  remaine4  frozen.  In  addition  to  this  preliminary  purificatioii^ 
the  gas  was  cooled  at  the  temperature  of  liquid  air  after  it  had  been  intro- 
duced into  the  vapor-pressure  apparatus  and  the  apparatus  evacuated 
to  make  sure  that  air  had  not  been  trapped  in  the  transfer.  As  a  f 
check  on  the  ptuity  of  the  gas,  portions  of  it  were  aUowed  to  boil  off  duriof ' 
the  vapor-pressure  measurements,  which  were  repeated  with  the  remaio* 
ing  portions.  In  addition,  pressure  observations  were  made  with  both 
a  rising  and  a  falling  mercury  level  in  the  manometer. 

Ethane  was  prepared  by  the  electrolysis  of  a  saturated  solution  of 
sodium  acetate,  and  purified  in  essentially  the  same  manner  as  the  ethylene. 

Temperature  Measurements. — It  was  originally  intended  to  measure 

temperatures  with  a  platinum  resistance  thermometer,  but  so  much  delay 

was  experienced  in  obtaining  the  necessary  equipment  that  it  was  decided 

to  perform  the  work  with  a  pentane  thermometer.     With  this  thermometer 

temperatures  as  low  as  — 195**  could  be  measured.    The  scale  divisions 

'  Purified  by  the  method  of  Hulett,  Pkys.  Rev.,  34,  307  (191 1). 
'  This  cathetometer  is  described  by  Wm.  Gaertner  &  Co.,  their  catalog  M-L, 
Ko.  M-902. 

•  See  Tms  Journai,,  36,  1537  (1914);  also  7.  Ind.  Eng.  Chem.,  7,  17  (1915). 
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irere  i  °,  but  were  so  widely  spaced  that  two  different  observers  cotdd 
Easily  make  readings  at  a  particular  temperature  which  checked  to  0.2^, 
ind  in  most  cases  to  o.i  ^. 

Hc^bom,^  who  devised  the  pentane  thermometer,  found  that  it  followed 
Bbe  fluctuations  of  a  hydrogen  thermometer,  in  most  cases  to  0.1°,  if 
properly  used. 

Calibration  of  Thermometers. — ^The  authors  calibrated  their  pen- 
tane thermometers  against  certain  fixed  points  established  by  F.  Henning.^ 
Fhis  scale,  together  with  observations  by  others,  follows.  With  the  ex- 
cepticm  of  Siemen's'  values,  the  data  given  were  all  cited  by  Henning. 

BoiuNG  AKD  Melting  Points  op  Difpskknt  Substances  by  Dippbrbnt  Observers. 


psygen  (b.  p.)  760  mm 
ygea  (b.  p.)  740  mm 
dioxide  (b.  p.) . 

cury  (m.  p.) 

ether  (m.  p.)  . . . 
bisulfide  (m.  p.) 

ncm  (m.  p.).  ... 

Okvobenzol  (m.  p.).. . 
Nitrogen  (b.  p.) 


Timmer- 
Henning.     mans.        Baly.       Dewar.    Trurtn.      Onnet.      Siemens. 

— 183.01  — 181.9  — 182.5  — 182.8  — 182.99  — 182.99 
—183.27 

—  78.52  —78.44- 

—  38.89  —  38.6                                                                         —38.77 
— 123.6  — 123.3 

— II2.0       1II.6  — 112. 16 

—  63.7        —  63.3 

—  45.5        —  45.0 

—195.84 


It  will  be  observed  that  Henning,  Onnes  and  Siemens  a^ee  fairly  well. 

for  the  boiling  point  of  oxygen  the  agreement  is  striking,  the  variation 

hamg  only  0.02  **,  which  is  the  utmost  precision  obtainable  with  the  hydrogen 

ometer. 

The  pentane  thermometers  used  by  the  authors  were  calibrated  at 

pcnnts:  the  normal  boiling  point  of  carbon  dioxide,   the  melting 

ints  of  carbon  bisulfide  and  ethyl  ether,  and  at  — 183.27°  (the  tempera- 

of  liquid  oxygen  boiling  at  740  mm.) .    The  carbon  dioxide  was  prepared . 

two  ways:  first,  by  using  that  furnished  commercially  in  steel  tanks, 

ifter  thoroughly  fractionating  it  at  low  temperatiures  and  passing  it  over 

phosphorus  pentoxide  to  remove  water  vapor;  and,  second,  by  the  action 

!of  dilute  sulfuric  acid  on  potassium  bicarbonate.     It  also  was  thoroughly 

;]«nfied  in  the  same  way  as  the  carbon  dioxide  obtained  from  the  com- 

'nerdal  tanks.    The  ethyl  ether  and  carbon  disulfide  were  the  purest 

icagents  commercially  obtainable.     No  difference   was  found   in   their 

inelting  points  after  redistilling  them  over  phosphorus  pentoxide. 

The  oxygen  was  prepared  by  heating  potassium  permanganate  in  an 

evacuated  hard-glass  tube,  discarding  the  first  portions  of  gas  that  came 

off,  then  liquefying  the  remainder  with  liquid  air,  and  pumping  it  into 

-  ^  Ann.  Phys,,  6,  242  (1901). 
«/W.,  43,  294'(i9i3)- 
'  H.  V.  Siemens,  Ibid.,  4a,  871^78  (1913). 
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another  container.     When  calibrating  against  the  vapor  pressure  of  liquid  : 
oxygen,  liquid  oxygen  waa  usedfor  the  temperature  bath,  , 

The  following  table  shows  the  observations  as  made  with  the  diffocnt ! 
pentane  thermometers.  They  are  micotreeted  readings  and  show  how  the 
thermometers  varied  among  themselves.  For  instance,  at  the  normal . 
boiling  point  of  carbon  dioxide,  thermometer  No.  8i6r  read — 77-8",  ther- 
mometer No.  707  read  — 81.8",  and  thermometer  504  read  — 78.8°, 

TSMFSRATUKS  OBSBRVATIOm  WITH  DiVFSKBNT  PBNTANS  ThBUIOHBTBRS. 

COi(fram  COi  (f rom 

Therm.        tuik),           EiCOi).  CSi.  m.  p.                        Btfarl  ctber,  n.  p.     .  Oi,          ' 

No.           b.  p.iH.          b.  p.nt.         . ' •  . ' .  b.  pjB.      j 

8161   — 77.8  — 77-7  — III.O   — III.O  — 131.8       — iai.8 

707   — 81.8  —81.9  — 114. 0   — 114. o  — 1*5-5   — 132. S  — 183.0 

507'  — 78-8  — 78.6  — III. 6   — III. 6  — 1*3-5   — >*3-3  — 183.0 

In  makmg  independent  observations  of  the  vapor  pressures  of  both' 
ethylene  and  ethane  with  different  thermometers  (as  noted  later)  and  tbes. 
correcting  them  according  to  their  respective  calibrations,  it  was  found) 
that  the  same  results  were  obtained  with  the  different  thermometers, 
thus  showing  that  the  thermometers  did  not  vary  seriously  (at  uncsU-' 

brated  points)  from  a' 
straight  line  drawn  be- 
tween calibrated  points. 
There  are  shown  in 
Tables  I  and  II  sa.turated. 
vapor-pressure  measure-. 
ments  for  ethane  and 
ethylene,  also  the  plotted 
curves  (Fig.  3)    fw  the 

!  values  as  found. 

Near  the  normal  bcnl- 
ing  pfmits   a  very  small 
I  temperature    change    is 

1  ■  represented  by  large  prcs- 

I  sure    change.      For    in- 

stance, in  the  case  of, 
ethane,  1.6' (90.9-89.3°), 
=  60  mm.  Therefwe, 
0.3  (the  limit  of  our  th^- 
mometrical  accuracy) 
corresponds  to  7.5  mm. 
SSr.-Ho  -MO  _uo  -m^'^  ^^"^  "^  °^  ethylene. 

itwpHAniiK-DBMKts  0.3  "corTespouds  to  sboiit 

Fig.  3. — Curves  showing  absolute  temperatures  plotted  7  o^xa.  at  the  normal  bral- 
sgaiust  pressures  in  mm.  of  mercury.  ing   point-      In    the  caSC 
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of  ethane  0.2  **  CQiTe^>onds  to  almost  i  nun.  between  — 1 28.5  **  and  — 133.7  ° 
and  at  the  lowest  temperattues  given  ( — 157.7°  and  — 159.8**)  i  mm.  = 

o                    o 
2.1 


r. — Satukatbd  Vapor  Prbssures 

OF  Ethylene  at  TEifntRATUREs  belg 

THE  Normal  Boilino  Pomr. 

cter 
707. 

eter 
8161. 

Tlicmioiii-> 
eter 
504. 

ATerace 
temperature 

A^eraf  e    Obaenred 
tempera-    preaMure* 
ture  'Abs.^       mm. 

Calculated 

pressure, 

mm. 

—103.7 

—103.9 

— 104 

—103.9 

169.2          760 

760 

— 104.8 

—104.9 

— 104.8 

168.3          730 

726 

105.3 

—105.4 

—105.5 

—105.4 

167 . 7          700 

701    • 

—106.8 

—106.8 

—106.8 

166.3          650 

643 

107.9 

— 108.0 

— 108.2 

— 108.0 

165 . I          600 

595 

III.O 

III.O 

— III.O 

162 . I          500 

512 

114. 1 

— 114. 1 

— 114. I 

159.0          400 

400 

118. 2 

— 118. 1 

— 118.2 

154.9          300 

300 

—123.5 

—123.7 

— 123.6 

149.5          200 

200 

132.0 

—132.3 

— 132.2 

140.9          100 

98 

—135.2 

—135.3 

—135.3 

137.8           75 

74 

139.5 

—139.7 

—139.6 

133.5           50 

49 

144.2 

—144.4 

—14*.  3 

128.8           31 

30 

—149.3 

—149.6 

—149.4 

123.7            17 

17 

154.7 

—154.9 

—154.8 

118. 3             9 

9 

—159.8 

— 160.0 

—159.9 

113. 2             4 

4 

j       ^  loe  point  oa  the  absolute  scale  is  273 .  i  *.    Equation  of  the  curve  is  log  P  » 
I— 762.52/T  +  1.75  log  T  —  0.00532  T  4-  4.3910. 

Taka  n. — Saturated  Vapor  Prsssdrbs  oif  Wnuam  at  Tbmpbraturbs  bsiiOW  the 

Normal  BoiI/INO  Point. 

Thermom-         Thcrmom-  Average        Average    Observed     Calculated 

eter  temperature 


707.  8161.                  504.                   «C.  ture  <»Abt.  mm. 

.3  — 89.4  — 89.3  183.8  760  760 

.8  —90.9  — 90.9  182.2  700  711 

.2  — 92.3  '  — 92.3  180.8  650  651 

—93.7  —93.7  —93.7  179  4  600  604 

— 97.0  — 96.8  — 96.9  176.2  500  495 

— 100.4  — 100.5  — 100.6  — 100.5  172.6  400  410 

—105.2  — 105.0  — 105.1  — 105.1  168.0  300  307 

— III. 4  — III. 2  — III. 3  — III. 3  161. 8  200  200 

— 115. 3  — "5-4  — 115 -3  157.8  150  149 

— 120.3  — 120. 1  — 120.2  — 120.2  152.9  100  100 

— 123. 1  — 123.2  — 123.2  149 -9     77      77 

— 124.0  — 124.2  — 124.1  149.0     74      73 

— 128.4  — 128.7  — 128.5  144.6     49      47 

— 133-6  — :I33.9  — 133.7  139-4     29      28 

— 138.9  — 139-2  — 139  134. 1     »5      15 

—149.4  —149. 7  —149.5  123.6     4       4 

— 154.6  — 154.7  — 154.6  118. 5             3                 2 

— 157.7  — 157-8  — 157-7  115.4             a                 X.2 

— 159.8  — 159.9  — 159-8  113. 4             1                 0.8 

^uation  <tf  the  curve  is  log  P  «  —  1050.85/T  +  1.75  log  T  —  0.01342T  +  7.10217. 
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Since  the  accuracy  of  thermometer  readings  was  0.2  **  and  of  pressure 
readings  i  nmi.»  the  observations  at  the  higher  temperatures  were  made 
by  adjusting  the  thermostat  until  the  mercury  in  the  manometer  remained 
constant  to  i  mm.  Then  the  thermometer  was  read.  In  the  case  of 
ethane  at  the  lower  temperatures  (below  — 128.5°)  ^^  thermostat  was 
adjusted  until  the  pentane  thread  in  the  thermometer  remained  constant 
to  0.2  ®.  Next  the  pressure  was  read.  The  same  procedure  was  followed 
in  the  case  of  ethylene,  the  object  being  to  remann  within  the  experimental 
error,  at  all  times,  in  reading  temperatures  and  pressures. 

Calculation  of  the  Cunres  of  the  Vapor  Presisure. 

This  may  be  done  with  the  aid  of  the  approximate  and  empirical 
formula  of  Nemst:^ 

log  P  = ^+1.75  iogT--^T  +  C 

4-57iT  4.571 

in  which  the  constants  Xo,  €,  and  C  may  be  found  by  taking  values  of  P 
at  three  different  temperatures.  In  the  case  of  ethane,  taking  as  the 
values  of  P  at  three  different  temperatures  the  following,  760  mm.,  183.8^ 
Abs.;  200  nmi.,  161.8®;  4  mm.,  123.6*^;  the  equation  of  the  cm^e  becomes: 

log  P  =  —  ^^^— ^  +  1.7s  log  T  —  0.01342T+  7.10217. 

In  the  case  of  ethylene,  taking  as  the  values  of  P  at  three  different 
temperatures  the  following,  700  mm.,  167.7°  Abs.;  300  mm.,  154.9°; 
17  mm.,  123.7°;  ^c  equation  of  the  curve  becomes: 

762  S2 

log  P  =  —       '^    +  1.75  log  T  —  0.00532T  +  4.39100. 

Prom  these  equations  one  can  calculate  the  vapor  presstne  of  ethane 
and  ethylene  at  any  temperature.  This  has  been  done  as  shown  in  Tables 
I  and  II.  It  will  be  noted  that  in  the  case  of  ethylene  there  is  one  dis- 
crepancy outside  the  error  of  experimentation,  12  mm.  (the  — 111°  point) 
corresponding  to  0.65  °.  In  the  case  of  ethane,  1 1  mm.  (the  — 90.9°  point) 
corresponds  to  0.3°;  10  mm.  (the  — 100.5°  point)  corresponds  to  0.4*'; 
and  7  mm.  (the  — 105.1°  point)  corresponds  to  0.3°.  The  agreement 
is  not  as  good  as  in  the  case  of  ethylene. 

The  results  may  also  be  expressed  by  plotting  the  common  logarithm 
of  the  pressure  against  the  reciprocal  of  the  absolute  temperature  (Fig.  4)* 
The  results  lie  on  a  straight  line.  The  straight  lines  were  drawn  by  ob- 
taining an  equation  from  the  average  of  all  the  results  computed  by  the 
method  of  least  squares  and  drawing  the  lines  according  to  these  equa- 
tions.    For  ethylene  the  equation  is: 

^  "Theoretical  Chemistry,"  X911,  p.  719. 
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Log  P  =  -'^'  + 7.433  (0 

For  ethane: 

T,™  p  =  _  * 


LogP  =  -^  +  7-4^ 


Fig.  4. — Curve  alioinng  cMnmon  logarithm  of  vapor  pressute  plotted  as  a 

fumctkiti  of  the  redprocal  of  the  abaolute  temperature. 

Heats  of  Ev^toration  of  Ethane  and  Ethylene. 

The  heats  of  evaporation  of  ethane  and  ethylene  for  the  temperature 

nnge  studied  may  be  calculated  from  the  Clausius-Clapeyron  equation: 

g_(dl;^=  (3) 

in  which  Q  is  the  heat  of  evaporation  in  calories  per  gram  molecule,  In 
^  is  the  natural  logarithm  of  the  vapor  pressure,  T  the  absolute  tempera- 
ture, and  R  the  gas  constant  (1.9S5). 

Integrating  Equation  3  and  assuming  that  Q  is  a  constant  (which  is 
pennissible,  however,  only  for  a  limited  temperature  range),  one  obtains: 

'n  P  =  —  ^  +  const. 
The  values  767.8  and  831.4  in  Equations  1  and  2  represent  the  average 
of  all  the  determined  points  on  the  ciuv^e. 

Using  these  values  in  the  Clausius-Clapeyron  equation,  and  changing 
from  common  to  natural  logarithms  one  finds  in  the  case  of  ethylene: 

Q  =  R(767.8  31  4.571)  -  3510  calories 
and  in  the  case  of  ethane : 

Q  =  R(83i.4  X  4.571)  =  3800  calories 
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The  only  other  vapor-pressure  values  at  low  temperatures  for  ethane 
or  ethylene  (aside  from  normal  boiling  points)  are  those  of  Maas  and 
Mcintosh,^  who  worked  out  values  for  ethane  from  — 88.5°  (the  normal 
boiling  point  found  by  them)  to  — 107 .8  ^.  At  this  temperature  they  found 
a  pressure  of  287  mm.,  or  2.3 °  from  the  value  the  authors  found  at  287  mm. 

The  normal  boihng  point  of  ethylene  has  been  found  by  Olszeswki 
and  by  Ramsey  and  Travers  to  be  170.5°  abs.^  Tr&vers  believes  both 
of  these  values  to  be  about  i  °  too  low  and  places  greater  faith  in  the  value 
169.5**  ^t>s.  found  by  Wroblewski  and  Witkowski.*  The  authors  of  this 
paper  found  the  normal  boiling  point  to  be  169.2°  abs. 

Thermometer  and  Manometer  Corrections. 

The  thermometer  measurements  could  be  reproduced  within  0*2**  and 
pressure  readings  within  i  mm.  Stem  corrections  on  the  thermometers 
were  not  necessary  because  they  were  calibrated  with  the  same  depth  of 
immersion  as  during  the  vapor-pressure  measurements.  Corrections 
for  the  expansion  of  the  mercury  in  the  manometer  and  for  the  steel  scale* 
all  fell  within  the  error  of  experimentation. 

Summary. 

Saturated  vapor  pressures  for  ethane  and  ethylene  at  low  temperatures 
are  shown.  In  the  case  of  ethane  the  vapor  pressures  range  from  760  nun. 
at  — 89.3°  to  I  mm.  at  — 159.8°.  In  the  case  of  ethylene  the  vapor  pres- 
sures range  from  760  mm.  at  —103.9''  to  4  mm.  at  —159.9°. 

The  authors*  experience  with  a  bath  devised  by  Henning  for  main- 
taining constant  low  temperatures  is  described. 

.  Valuable  assistance  in  conducting  this  work  was  furnished  by  Dr. 
G.  A.  Huletti  consulting  chemist,  P.  M.  Seibert,  assistant  chemist^  and 
Dr.  J.  K.  Clement,  physicist,  of  the  Bureau  of  Mines. 

Cbhmicai.  Laboratory,  Bursau  op  Minrs, 

PlTTSBXTRGB,    PA. 


ON  THE  REACTIONS  OF  BOTH  THE  IONS  AND  THE  MOLE- 
CULES OF  ACroS,  BASES  AND  SALTS. 

THE  REACTIONS  OF  SODIUM  ETH7LATE  WITH  METHYL  IODIDE  DC 

ABSOLUTE  ETHYL  ALCOHOL  AT  25  ^* 

[TWBNTY-PIRST^  COMBfUNICATlON  ON  CATALYSIS.] 

By  H.  C.  RoBBRTsoif.  Jr..  and  S.  P.  AcRRS. 

Received  April  IS.  1915. 

When  Brunei  and  Acree  began,  in  March,  1905,  work  on  the  theory  that 
batit  the  ions  and  the  nonionizedform  of  acids y  bases  and  salts  must  be  considered 

1  O.  Maas  and  Mcintosh,  Tms  Journal,  36,  737  (1914). 

*  M.  W.  Travers,  "The  Experimental  Study  of  Gases,"  p.  243  (1901). 

*  Loc.  cit. 

*  We  are  indebted  to  the  Carnegie  Institution  of  Washington  for  aid  in  this  work. 
'  For  references  see  Am.  Chem.  7.,  49,  474  (1913). 
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dumicaUy  active,  the  reactions  of  alkyl  halides  with  the  tirazole  salts^  and 
adds  were  chosen  as  a  very  important  dass  of  compounds  with  which  to 
work  out  the  above  theory  and  otu-  hypothesis  of  tautomeric^  salts.  It  was 
seen  that  work  with  different'  salts  and  different  alkyl  halides  would  be 
necessary  in  order  to  secure  definite  proof  that  the  alkyl  halide  reacts 
irith  both  the  anion  and  the  molecule  of  the  electrolyte,  and  to  learn  the 
influence  of  different  groups,  and  the  position  of  the  metal  in  the  periodic 
system,  on  these  reaction  velocities.  In  every  case  studied  since  that 
time  we  have  found  both  the  anions  and  nonionized  electrolytes  taking 
part  in  the  transformations  according  to  the  equation  K^  —  [K^a  + 
K«(i~a)][i+/C5a/<1. 

The  most  convincing  argument  in  favor  of  the  theory  that  both  the 
ions  and  molecules  react  with  the  alkyl  halides  lies  in  the  fact  that  the 
etfaylate  (phenolate)  ion  common  to  soditun,  potassium  and  lithium  ethyl- 
ales  (phenolates)  should  and  does  react  with  the  ^om^^  velocity  with  the 
same  alkyl  halide,  whereas  the  nonionized  forms  of  these  salts  are  different 
and  react  with  differefU  velocities  with  the  same  alkyl  halide,  in  accordance 
with  the  theory.  To  illustrate,  it  was  shown  in  the  preceding  article  by 
Dr.  £.  K.  Marshall  that  ethyl  bromide  ajid  ethyl  iodide  react  with  both 
tbe  anion  and  the  nonionized  form  of  soditmi  ethylate,  and  that  potas- 
sium ethylate  and  lithium  ethylate  also  react  with  these  two  alkyl  halides 
in  entire  accordance  with  the  theory. 

In  order  to  make  the  evidence  for  the  theory  as  broad  as  possible  we 
began  in  1909  the  present  study  of  the  action  of  methyl  iodide  on  sodium 
etfaylate  at  25^.  The  work  on  methyl  iodide  and  potassium  and  lithium 
etliylates  at  25**  was  finished  in  1912-13  by  Dr.  J.  H.  Shrader  and  Dr. 
Julia  Peachy  Harrison,  and  gave  still  further  evidence  for  the  usefulness 
Df  the  h3rpothesis.  Practically  the  same  value  for  K,-  was  found  for  all 
thee  salts,  but  different  values  were  obtained  for  K^  for  the  different 
noionized  forms  of  the  salts,  as  is  shown  in  the  following  table: 

Dr.  H.  CX  Robertson:  sodium  ethylate  aad  methyl  iodide 0.127  0.0594 

Dr.  Bessie  Marion  Brown:  the  same o.  1285  0.0581 

[  Dr.  J.  H.  Shrader:  lithium  ethylate  and  methyl  iodide o.  1367  0.03871 

Dr.  Julia  Peachy  Harrison :  potassimn  ethylate  and  methyl  iodide . .  0.1259  o .  0687 

Salt  Catalysis.^ 

We  recognize  that  the  K^  and  K^  calculated  here  may  involve  another 
reaction,  called  at  present  a  "salt  effect,"  for  which  a  correction  must  be 

*  Am.  Chem.  J.,  37,  71  (1907);  43>  505  (1910);  44>  219  (1910). 
*/Wd.,49,  116  {1913). 
*/W<l.,  39,  229  (1908). 
*Ilnd.,  48,  356,  378  (1912);  49,  484  (1913). 

*For  the  literature  on  "salt  catalysis"  see  Ibid.,  49,  350,  485  (19x3),  and  other 
Rcent  papers.  / 
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made  later.    In  order  to  learn  the  effect  of  such  a  *'salt  effect"  on  the 

values  of  K^  and  K,„,  we  have  aissumed  a  case  in  which  we  have  correctedt 

in  Table  XXIII,  the  observed  values  of  Kn  for  a  positive  "salt  catalysis" 

of  8%  per  gram  molecule  of  electrolyte.     It  is  seen  in  Table  XXIV  that 

this  positive  catalysis  of  8%  raises  K^  from  0.127  to  0.136,  about  7%, 

and  lowers  K,„  from  0.0594  to  0.05538,  a, little  less  than  7%.     It  is  evident 

from  the  harmony  of  our  data  with  the  results  of  Dr.  Shrader  and  Dr. 

Harrison  that  we  must  conclude  at  present  that  the  "salt  effect,"  whether 

large  or  small,  is  nearly  the  same  for  the  sodium,  potassium  and  lithium 

^thylates.    When  we  collect  otu-  final  data  we  shall  be  able  to  discuss 

this  subject  much  more  fully. 

Experimental. 

The  methods  used  have  been  described  fully  in  earlier  papers.^  The 
values  of  A,  B  and  x  are  given  in  terms  of  the  number  of  cc.  of  add  neoes^ 
sary  to  neutralize  10  cc.  of  the  original  ethylate  solution  in  the  presence 


of  methyl  orange.    The  unit  of  time,  t,  is  the  minute.    The  constants 


Sodium  Ethyi^at«  and 

Methyl  Iodide  at  25**. 

By  H.  C. 

ROBBRTSON. 

Tabls  I. 

• 

Table  III. 

0.5  .N  Sodium  Ethylate  and 

I  0.5  N  Methyl 

0.25    N   Sodium    Ethylate    and  0.5 

Iodide. 

• 

Methyl  Iodide. 

A  =  10.02. 

A  = 

10.00.           B 

=»  20.00. 

1. 

X. 

Kv> 

t. 

X. 

Ky. 

20 

4-34 

0.0382 

10 

3.15 

0.0207 

30 

5  30 

0.0374 

20 

5.08 

0.0208 

42 

6.14 

0.0376 

30 

6.32 

0.0206 

50 

6.52 

0.0373 

40 

7. II 

0.0200 

60 

6.87 
Mean, 

0.0365 

50 

* 

7.70 
Mean, 

0.0196 

•  ■ 

0.0374 

0.0203 

Kn, 

0.0748 

Kn, 

0.0812 

iV 


Table  II.  Table  IV. 

0.5  iV  Sodium  Ethylate  and  0.25  iS^  Methyl      0.25    N  Sodium   Ethylate   and  0.25  if 

Methyl  Iodide. 


Iodide. 

A  - 

20.00. 

B 

—  10.00. 

t. 

X. 

Ky. 

10 

2.98 

0.0384 

20 

4.80 

0.0380 

30 

6.01 

0.0374 

40 

6.92 

0.0376 

50 

7.49 

Mean, 

0.0365 

0.0376 

Kn, 

0.0752 

10.00. 


t. 

X. 

Ky. 

20 

2.93 

0.0207 

30 

3.80 

0.0204 

40 

4.44 

0.0200 

50 

4.98 

0.0198 

60 

5.40 

Mean, 

0.0196 

0.0201 

Kn, 

0.0804 

»  See  especially  Am.  Chem.  /.,  43,  505  (1910);  49,  116,  127,  369,  474  (1913)- 
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Tabi^h  v. 

Tabi,k  VIII. 

1 

0.135  N  Sodium  Ethylate 

and  0.125  N 

0.0625  N  Sodium  Bthylate  and  0.125 

Methyl  Iodide. 

Methyl  Iodide. 

A  =  10.00. 

A  - 

20.00.            B 

=  40.00. 

L 

X. 

Ky. 

/. 

X. 

Ky. 

20 

1.80 

0.0109 

20 

3.93 

0  00577 

30 

2.42 

0.0107 

32 

5.79 

0.00580 

40 

3.00 

0.0107 

40 

6.88 

0.00582 

50 

3.53 

0.0109 

60 

9.08 

0.00579 

70 

4.26 
Mean, 

0.0106 

75 

10.33 
Mean, 

0.00570 

0.0107 

0.00577 

Kn. 

Q.0856 

Kn, 

0.0923 

N 


Tabls  VI. 
<xi25  N  Sodium  Ethylate  and  0.125  ^ 


Methyl  Iodide. 

A  =  10.00. 

L 

X. 

Ky. 

30 

2.43 

0.01070 

40 

3.02 

0.01082 

50 

3.52 

0.01086 

60 

3.90 

0.01066 

70 

427 

0.01065 

80 

4.60 
Mean, 

0.01064 

0.01072 

Kn. 

0.0858 

Table  IX. 

0.025  N  Sodium  Ethylate  and  0.125  N 

Methyl  Iodide. 

A  - 

20.00.          B  " 

■  100.00. 

t. 

X. 

Ky. 

10 

2.00 

0.00213 

20 

438 

0.00250 

30 

6.60 

0.00258 

40 

7.84 

0.00260 

50 

8.96 
Mean, 

0.00250 

0.00255 

Kn. 

0.01020 

Table  VII. 

0.0625  N  Sodium  Ethylate  and  0.125  N 
Methyl  Iodide. 


A  « 

10.00. 

B 

—  20.00. 

/. 

X. 

Ky. 

20 

2.00 

0.00587 

30 

2.78 

0.00584 

40 

3-44 

0.00580 

50 

3.99 

0.00573 

60 

4-44 
Mean, 

0.00560 

0.00577 

Kn. 

0.0923 

Table  X. 

0.025  N  Sodium  Ethylate 

and  0.125 

Methyl  Iodide. 

A  = 

20.00.          B  ■ 

•-  100.00. 

/. 

X, 

Ky. 

20 

3.92 

0.00223 

30 

5.84 

0.00237 

40 

7.52 

0.00243 

50 

9.00 

0.00248 

60 

10.28 
Mean, 

0.00250 

0.00244 

Kn, 

0.09760 

N 


H.  c.  robbrtson,  jr.,  and  s. 


,  ACRES. 


dhun  Ethylatc  and  o.ias  ff 
jdide  at  35"  C  (1%  Water 
the  Alcohol  used.) 


3.06 
3.S8 
3.96 


Tabls  XIV. 

0.5  N  Sodium  Ethylate  and  0.5  N  IMhjt 

Iodide  at  3$  "  C.     (In  a  mixtnre  of  90% 

Alcohol  and  10%  EthTi  Ether.) 

A  -  9.98. 


30 


1.83  0.00311 

.153  0.00338 

.38  0.00331 

.39  0.00316 

:.8i  0.00316 

Mean,  0.00330 

Kn,  0.0640 


lium  Ethylate 

and  0.35    N 

odidc  at  35'  C 

(In  a  »i^. 

13  the  mol.  equiv.  of  Sodium 

a  Ethyl  Ether, 

A  -  10.00. 

X. 

KV. 

3. 63 

0.0178 

3.46 

0.0176 

4.14 

0.0176 

5.13 

0.0175 

Mean. 

0.0176 

Kn. 

0.0704 

TabM  XIII 

A  -  1 


KV 


3.18 

0.0093 

3.63 

0.0094 

Mean, 

0.0095 

Kn. 

0.0760 

Tabls  XV. 

0.5  N  Sodium  Ethylate  and  0.5  N  Meth^ 

Iodide  at  35  "  C.     (Flaslcs  coated  with  ■ 

thick  layer  of  black  paint  90  as  to  be 

opaque  to  l^t.) 


A  -  I 


Kv. 


3-77 

0.0383 

4.30 

0.0378 

5.35 

0.0368 

5.90 

0.0360 

6.83 

0.0339 

Mean, 

0.0370 

Kn, 

0.0740 

dium  Ethylate  and  0.135  ff 
odide  at  35*  C.  (In  aoln. 
4  the  mtA.  equiv.  of  Sodium 
d  Ethyl  Ether.) 


Tabls  XVt. 

0.3S    N  Sodium  Ethylate  and  o.ij  f' 

Methyl  Iodide  at  35'  C.     (With  o-J 

molecular  equivalent  of  Sodium  Iodide 

added.) 

I.  ..  Kv. 


3.64 

0.0179 

3.50 

0.0179 

4.16 

0.0178 

4-74 

0.0180 

5.16 

0.0178 

Mean. 

0-0179 

Kn. 

0.0716 
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Tabus  XVn. 

0.25  N  Sodium  Ethylate  and  0.25  N 
Methyl  Iodide  at  25  ""C.  (With  one 
molecular  equivalent  of  Sodium^odide 
added.) 

A  —  10.00. 


1. 

«. 

*.v. 

25 

3.00 

0.0171 

30 

3.38 

0.0170 

43 

4.18 

0.0171 

70 

5.40 

0.0168 

131 

6.91 
Mean, 

0.0170 

0.0170 

Kn, 

0.0680 

TABtB  XVIII. 

Kn  found   for   Sodium    Ethylate    and 
Methyl  Iodide  at  25  *. 


V. 
2 


8 


16 


40 


0.0748 
0.0752 
0.0812 
0.0804 
0.0856 
0.0858 
0.0923 
0.0923 

0.IQ2O 
0.0976 


Kff  ftTcrage. 


0.0750 


0.0808 


0.0857 


0.0923 


0.0998 


Table  XX. 

K4  and  Km  found  for  Sodium  Ethylate 
and  Methyl  Iodide  at  25  '. 

K<'  Km. 


V  - 

V  - 

V  - 

V  = 

V  - 

V  = 

V  = 

V  = 

V  « 

V  = 


2:V 
2:V 
2:V 
2:V 
4:V 
4:V 
4:V 
8:V 
8:V 
i6:V 


4 
8 

16 

40 

8 

16 

40 

16 

40 

40 


0.132  0.0577 

0.127*  0.059I* 

0.129*  0.0586* 

0.126*  0.0593* 

0.123  0.0616 

0.127*  •  0.0595* 

0.125 

0.130 

0.126*  0.0597* 

0.124  0.0632 


*    0.0605* 
0.0567 


Average,    0.127      0.0596 
Average  of  values,*    0.127      0.0594 


'Tabus  XIX. 
'Hr  bnkatioa  of  Sodium  Ethylate  at 


V. 

a.     . 

I —a. 

I 

0.148 

0.852 

2 

0.234 

0.766 

4 

0.312 

0.688 

8 

0.393 

0.607 

16 

0.481 

0.519 

32 

0.577 

0.423 

40 

0.605 

0.395 

TabliS  XXI. 

Kn  calculated  and    found    for    Sodium 
Ethylate  and  Methyl  Iodide  at  25  ^ 
V.  Kig  found.  Kj^  calculated.    Error  In  %. 

K«  s  0.1270.       K^  «•  0.1270. 
Km  -  >>.0596.     Km  -  O.0594. 

2    0.0750  0.0753  0.0752    -t-0.4   +0.3 

4   0.0808  0.0807  0.0805   — O.I    — 0.4 

8   0.0857  0.0861  0.0860    +0.5    4-0.4 

16   0.0923  0.0920  OJO919  —0.3  —0.5 

40  0.0998  0.1004  0.1002    +0-6    +0.4 


Average  error,   +0.2   +0.4 
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Tablb  XXII. — Pbr  Cbnt.  of  Reaction  Dub  to  Ions  and  to  Molbcuus. 


Concentra- 
tion of  NaOCtUi. 
V. 

Per  cent  of 
reaction  due  to  aK{. 

Per  cent  of  reac- 
tion doe  to  (1  —  a)I 

2 

39.5 

60.5 

4 

49.2 

50.8 

8 

58.0 

42.0 

i6 

66.5 

33-5 

40 

76.7 

23.3 

1  — a. 

Kfj  calculated. 

Kif  corrected 
for  salt  catalysis. 

0.766 
0.688 
0.607 

0.0752 
0.6805 
0.0860 

0.0722 
0.0789 
0.0851 

0.519 

0.0919 

0.0914 

0.395 

0.1002 

O.IOOO 

Tablb  XXIII. — ^Kn  for  Sodium  Ethylatb  and  MsTHVLloDroB  at  25',  Corrbctsd 
FOR  A  PosiTivB  Salt  Catalysis  of  8%  Per  Gram  Molbculb  of  Sodium 

Ethylatb. 

V.  a. 

2  0.234 

4  0.312 

8  0.393 

16  0.481 

40  0.605 

Tablb  XXIV. — Ki  and  Km  Pound  for  Sodium  Ethylatb  and  Mbthyl  Iodidb  at 

25**,  CORRBCTBD  FOR  POSITIVB  SaLT  CATALYSIS  OF  8%  PBR  GraM  MoLBCULB  OP 

Sodium  Ethylatb. 

V  —  2:  V  «    4  0.1380  0.05210 

V  —  2:  V  =    8  0.1^43  0.05321 

V  =s  2:  V  «  16  0.1317  0.05401 
.V  =  2:  V  =s  40  0.1296  0.05467 

V  •«  4:  V  =    8  0.1538  0.05502 

V  "-  4:  V  -  16  0.1298  0.05582 

V  »  4:  V  —  40  0.1595  0.05646 

V  =  8:  V  =  16  0.1285  0.05696 

V  =  8:  V  «  40  0.1278  0.05748 

V  »  i6:  V  ■=  40  0.1274  0.05804 


Average,    o .  1 360  o .  05538 

are  independent  of  the  laboratory  units  of  concentration  employed  for 
the  acid;  hence  Ki,  K„,  Kn  and  Ky  refer  to  the  constants  for  one  gram 
ion  of  ethylate  ions  per  liter,  one  gram  molecule  of  nonionized  sodiiun 
ethylate  per  liter,  etc.,  as  explained  in  the  preceding  articles.  The  addi- 
tion of  considerable  quantities  of  ether  and  sodium  iodide  to  some  of  the 
reaction  mixtures  shows  that  the  small  amounts  of  these  formed  during 
the  time  periods  measured  have  no  great  effect  on  the  reaction  velocities. 

Conclusions. 

I.  The  work  presented  by  Dr.  Robertson  on  the  reaction  of  methyl 
iodide  with  sodium  ethylate  in  absolute  ethyl  alcohol  at  25°  shows  that 
the  reaction  is  not  purely  ionic.  The  * 'deviation"  is  strictly  proportional 
to  the  concentration  of  the  nonionized  sodium  ethylate,  and  we  may, 
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therefore,  interpret  the  transformation  as  one  involving  the  reaction  of 
the  methyl  iodide  with  both  the  ethylate  ions  and  the  nonionized  soditmi 
ethylate. 

2.  The  values  K,-  =  0.127  ^^d  K«,  =  0.0596  agree  well  with  those  ob- 
tained for  methyl  iodide  and  potassium  ethylate  (K^-  =  0.126  and  K,„  « 
0.0687)  by  Dr.  Julia  Peachy  Harrison,  and  for  methyl  iodide  and  lithium 
ethylate  (K,-  =  0.1367  and.K^  =  0.03871)  by  Dr.  J.  H.  Shrader.  If  the 
theory  is  correct  the  true  values  for  JQ  should  be  identical  for  all  three 
ethylates  and  the  same  alkyl  halide,  and  these  studies  and  others,  as  a 
whole,  confirm  this  conclusion. 

3.  The  effect  of  an  extra  reaction,  or  "salt  catalysis,"  on  these  reactions 
has  been  calculated. 

4.  A  discussion  of  the  reasons  for  working  with  various  salts  and  alkyl 
balides  shows  that  great  care  must  be  exercised  in  the  final  interpretation 
of  these  restdts.  Chemical  reactions  are  probably  far  more  complex  than 
we  can  realize  with  our  present  limited  knowledge. 

Johns  Hofkins  UNrvsKsmr, 
Baltuiors,  Md. 


ON  THE  REACTIONS  OF  BOTH  THE  IONS  AND  MOLECULES 

OF  ACIDS,  BASES  AND  SALTS. 

A  REDffTERPRETATION  OF  THE  REACTIONS  OF  SODIUM  METHTLATE  AND 
SODIUM  ETHYLATE  WITH  x,2-DINITROBENZENE,  i,a^-DINITRO- 
CHLOROBENZENE  AND  1,24-DINITROBROMOBENZENE.'  . 

[TWBNTY-SBCOND^  communication  on  CATAirYSIS.J 

By  S  P.  AcRBJt 
Received  April  15,  1915. 

The  very  fine  work  of  Hecht,'  Conrad  and  Briickner  on  the  action  of 
soditim  ethylate  on  alkyl  halides,  and  that  of  Bruyn,  Steger/  and  Lnlofs^ 
QQ  the  reactions  of  sodium  methylate  and  sodium  ethylate  with  the  nitro 
and  halogen  substitution  products  of  benzene  were  not  interpreted  by 
them  by  the  use  of  the  ionization  theory.  Conrad*  and  his  co-workers 
spoke  of  these  substances  as  nonelectrolytes,  or  "nichtleitende  Korper." 
Bmyn  and  his  co-workers,  while  measuring  the  conductivities  of  the 
sodium  methylate  and  sodium  ethylate,  recognized  that  they  were  dealing 
with  peculiar  cases  that  could  not  be  explained  on  the  ionization  hy- 
pothesis alone.    In  a  footnote^  Bruyn  suggested  that  his  reactions  may 

*  We  are  indebted  to  the  Carnegie  Institution  of  Washington  for  aid  in  this  work. 
«See  especially  Am.  Cketn.  /.,  48,  352  (1912);  49,  ii6,  127,  345,  369,  474  (1913)- 
•Z.  physik.  Chem.,  5,  289  (1890).     A  similar  reinterpretation  of  this  excellent 

woik  win  soon  be  published  by  Dr.  W.  A.  Taylor. 

*Ibid.,  49,  329;  333,  336  (1904);  Rec.  trav.  ckim.,  18,  13,  41. 
*Z.  physik.  Chem.,  49,  341  (1904);  Rec.  trav.  chim.,  20,  292. 

•  Z.  physik.  Chem.,  5,  289  (1890). 
^  Rec.  trato.  chim.,  18,  40;  see  also  Z.  physik.  Chem.,  49,  332  (1904). 
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be  different  from  those  of  Hecht,  Conrad  and  Brfickner  and  that,  perhaps, 
'Talcoholate  s'unit  d'abord  au  groupe  AZO2  par  addition  aet  qu'acette 
addition  les  molecules  non  dissociees  prennent  part  exdusivement" 
They  apparently  overlooked  the  fact,  however,  that  such  a  h3rpothesis 
must  lead  to  a  decrease^  in  the  reaction  velocity,  Kk>  as  the  concentra- 
tion of  the  methylate  or  ethylate  decreases  and  the  percentage  of  ncm- 
ionized  electrolyte  decreases.  As  their  reaction  velocities  never  decrease 
but  remained  constant  or  increased,  their  suggestion  hardly  meets  the 
requirements  of  the  mass  law  and  the  theory  of  ionization. 

An  inspection  of  the  data  in  all  these  cases  shows  that  the  reacAm 
velocity  is  larger  than  that  calculated  on  the  hypothesis  that  the  ethylate  or 
methylcUe  ions  alone  are  active.  It  was  just  such  cases  as  these,  and  otheis, 
that  lead  the  writer  to  see  that  this  ''deviation  from  the  ionic  reaction" 
could  be  due  to  the  molecular  sodium  methylate  or  ethylate  instead  of 
to  a  so-called  ''salt  catalysis,"  and  to  begin  with  Brunei  in  1905,  work 
on  the  theory  that  both  the  ions  and  nonionized  forms  of  adds,  bases  and 
salts  are  chemically  active. 

The  reactions  discussed  in  this  paper  can  be  readily  interpreted  as 
transformations  of  both  the  anions  and  molecules  of  sodium  ethylate 
and  sodium  methylate,  as  follows; 

OCjH*  +  C«H4(NO,)2  — ^  CJEl4(N02)OC«Hi  +  NO, 

NaOCH.  +  C«H4(N0,),  — ►  ^^(NOOOCH,  +  NaNOs 

The  equation  Kk  =  K<a  +  K,ii(i  —  «),  devdoped  in  earlier  papers,* 
gives  excellent  constants  for  K|  and  K^  in  Table  II  of  each  seddoiL 
The  reaction  vdodties  "Ki^  fotmd"  in  Table  I  of  each  section  are  those 
recorded  by  Brujrn,  Steger*  and  Lulofs.  The  ionization  a,  in  Table  I 
of  each  section,  of  the  sodium  ethylate  is  obtained  from  otir  own  data,* 
while  the  ionization  of  the  sodium  methylate  is  obtained  from  Table  V 
of  S.  Tijmstra  Bz*  by  extrapolating  to  Moo  »  85  in  absolute  methyl 
alcohol  and  /ioo  «  80  in  90.3%  methyl  alcohol.  Since  the  values  oi  Ka 
are  very  large  in  all  cases,  any  small  error  in  the  ionizations  resulting 
from  this  extrapolation  will  not  invalidate  the  condusion  that  the  noo- 
ionized  methylate  or  ethylate  is  active.  As  the  following  table  shows 
the  values  of  K,„  are  from  25%  to  100%  of  those  of  K4, 

By  substituting  these  values  for  K^  and  K^,  and  the  proper  ones  for  « 
in  the  equation  Kn  =  K<«  +  K„(i  —  a),  it  is  shown  in  Table  I  of  each 
section  in  the  experimental  portion  that   the  "K^^  calculated"  agrees 

*■  Am.  Chem.  J,,  38,  273  (1907);  39*  226-331  (1908),  and  all  the  later  papers. 
'  Ibid.,  39,  226  (1908);  43,  519  (1910)  and  later  articles. 
»  Z.  physik.  Chem.,  49,  33i»  34'*  34^  (1904)- 
*  /.  Phys.  Chem.,  19,  381  (1915). 
^      •  Ibid.,  49,  349  (1904). 


REACTIONS  OP  IONS  AND  MOLBCUI«BS  OP  ACIDS,  STC.  I9II 

K<.  Km.     l^TKm^ 

Sodhua  ethylate  and   o-dinitrobenzene  in  absolute  ethyl 

a]cQholat45^ / 0.229      0.230      z.o 

Sodium  methylate  and  (Mlinitrobenzene  in  absolute  methyl 

alcohol  at  45^ 0.1458    0.1278     1.2 

Sodhim  methylate  and  1,2,4-dimtrochlorobenzene  in  90.3% 

methyl  alcohol  at  15  ® ; z  .376      o. 759      i  .8 

Sodhmi  ethylate  and  1,2,4-dinitrobromobenzene  in  absolute 

methyl  alcohol  at  15 ^ i . 299      o.  724      i . 8 

Sodimn  ethylate  and  1,2,4-dinitrobromobenzene  in  absolute 

eth]i  aloc^ol  at  15 ^ 2.838      0.823      3.4 

Sodimn  ethylate  and  i,2p4-dinitrochlorobenzene  in  absolute 

akoholatij*^ 4-473       ii95       3..8 

excellently  with  the  K^  fotind  experimentaUy  by  Bniyn,  Steger  and 
Lolofs,  the  "Error  in  percentage"  in  Table  I  of  each  section  being  gen- 
erally small.  The  "percentage  of  reaction  due  to  ions  and  to  molecules" 
is  given  in  Table  III  of  each  section. 

Since  the  ethylate  ion  and  the  soditmi  ethylate  molecules  react  with  the 
same  velocities  with  the  o-dinitrobenzene,  the  change  of  the  ethylate 
ioos  into  the  sodium  ethylate  molecules  by  the  addition  of  sodium  nitrite 
and  sodium  acetate  should  have  no  effect  on  the  reaction  velocity:  this  require- 
ment of  the  theory  is  substantiated  by  the  experiments/  and  there  is 
no  noticeable  "abnormal  salt  catalysis."  Likewise  the  addition  of  sodium 
iodide  to  soditmi  ethylate  and  1,2,4-dinitrobromobenzene  lowers  the  re- 
action velocity,  in  conformity  with  the  theory,  because  the  more  active 
ethylate  ions  are  partially  converted  into  the  less  active  sodium  ethylate 
molecules.^ 

The  writer  is  greatly  indebted  to  Dr.  W.  A.  Taylor  and  Mr.  E.  C. 
White  for  making  the  calculations. 

ExperimentaL 

On  the  reactions  of  soditun  ethylate  and  o-dinitrobenzene  at  45  ^. 
Tablb  I. — ^Thb  Ionizations,  Kn  Caixulatbd  and  Found,  and  Psrointaoe  Eutoa 

POR  SODITTM  ETHYLATS  AND  O-DlNlTROBBNZSNB  AT  43®. 

Error  in 
V.  a.  1  —  a.  E|)|  found.*    Kjq-  calculttted.        per  cent. 

20  0.465  0.535  0.230  0.229  +0.4 

40  0.563  0.437  0.229  0.229  0.0 

60  0.631  0.369  0.229  0.229  0.0 

80  0.670  0.330  0.230  0.329  +0.4 

100  0.704  0.296  0.229  0.229  0.0 

'Z.  physik.  Chem,,  49,  332  (1904). 
» Ihid.,  49,  342  (1904). 

'  In  this  article  we  have  used  the  values  of  Kn  P'^^en,  without  attempting  to  verify 
tbem  by  recalculations  or  experiments. 
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Tabls  II. — ^1 


V  =  2o:V  =  40 

V  =  20:  V  =  60 

V  =  2o:V  =  80 

V  =  2o:V  =  100 

V  =  4o:V  =  60 

V  =  4o:V  «  80 

V  =  4o:V  =  100 

V  =  6o:V  =  80 

V  =  6o:V  =  100 

V  =  8o:V  «  100 


S.  F.  ACRHB. 

Sodium  Ethylatb  and  o-I 

>INITROBBM 

K,. 

'  ^m- 

0.2245 

0 . 2347 

0.2270 

0.2338 

0.2300 

0.2300 

0.2277 

0.2320 

0.2290 

0.2290 

0.2290 

0.2237 

0.2321 

0.2290 

0.2385 

0.2130 

0.2290 

0.2290 

0.2203 

0.2490 

Average,    0.2287 


0.2302 


Tablb  III. — Pbrcbntagb  of  Rbaction  Dub  to  Ions  and  to  Molbculbs. 

V. 

20 
40 


60 
80 

lOO 


Percentage  of  reaction 
due  to  aK{. 

Porcentage  of  reaction 
due  to(l  — a)K„K. 

46.4 

53-6 

56.2 

43.8 

6^.0 

37.0 

66.9 

33.1 

70.3 

29.7 

On  the  reactions  of  sodium  methylate  and  o-dinitrobenzene  at  45®. 

Tablb  I. — ^Thb  Ionuations,  Kn  Cai^culatsd  and  Found,  and  thb  Error  in  Pbi 
Cbnt.  for  Sodium  Mbthylatb  and  o-Dinitrobbnzbnb  at  45®. 

V.  a.  1  — '■  a.  Kij  found.       Kn  calculated.     Error  in  per  cent 

20  0.596  0.404  0.1385  0.1385  0.0 

40      0.671      0.329      0.1400      0.1398      -fo.i 

80  0.734  0.266  O.I4JO  O.I410  0.0 


Tablb   II. — Kt   and   Km   for   Sodium 

MBTHYLATS  and  ^-DlNITROBBNZBNli  AT 

45  ^ 

V  »  2o:V  =  40  0.1465   0.1265 

V  =  2o:V  =  80  0.1458   0.1277 

V  =  4o:V  =  80  0.1452   0.1293 


Tablb  III. — Pbrcbntagb  of  Rbaction 
Dub  to  Ions  and  to  Molbculbs. 

Percentage  Percentage  of 
of  reaction  reaction  doe 
due  to  aKj.    to  (1  —  a)K^. 


V. 
20 
40 
80 


62.7 
69.9 

76.5 


37.3 
30.1 

23  5 


Average,    o .  1458      0.1278 


On  the  reactions  of  sodium  methylate  and  1,2,4-dinitrochlorobenzene  in 
90.3  per  cent,  methyl  alcohol  at  15**. 

Tablb  I. — Thb  Ionization,  Kn  Calculatbd  and  Found,  and  thb  Error  in  Pn 
Cbnt.  for  Sodium  Mbthylatb  and  i,2,4-Dinitrochlorobsnzbnb  at  15®. 

V.                        a.  1  —  a.  Kfj  found.  Kjg  calculated.  Brror  in  per  cent 

20  0.696  0.304                 1.20                 1. 187  +1.09 

33-33  0.742  .    0.258                 1. 21                 1. 216  — 0.49 

100  0.815  0.185                 1.28                 1.261  +1.50 
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TaBLB    n.—Ki     AND     Km     PoUND     90R 

Sodium    Mbthylats    and     i,3,4-Di- 

o 


TaBLS    III. — ^PSROSNTAGB   OT   RSACTION 

Dub  to  Ions  and  to  Mqlbculbs. 


NITROCHU7ROBBNZBNS  A' 

V  -  20      :V- 33.33 

r  15  . 
I .266  I .048 

V. 

Percentage 
of  reaction 
due  to  oK^. 

Percent- 
ace  oi  reac- 
tion due  to 
(1  —  a)  Km- 

V  »  20      :V  -  100 

1.404  0.732 

20 

80.6 

19.4 

V  -  33-33:V  >■  100 

1.457  0.498 

33-33 
100 

83.9 
88.8 

16. 1 

11. 2 

Average, 

I  376  0.759 

On  the  reactions  of  sodium  methylate  and  1,2,4-dinitrochlorobenzene  in 
absolute  methyl  alcohol  at  15^. 

Tablb  I.—Thb  Ionization,  Kn  Calcui^atbd  and  Pound,  and  Error  in  Psr  Csnt. 
FOR  Sodium  Mbthylatb  and  i,2,4-DiNiTROcmx>ROBSNzSNB  at  15''. 

Brror  in 
V.  a.  1  —  a.  Kif  found.     Kfj  calculated.  per  cent. 

20  0.661  0.339  1. 10  1. 104  — 0.36 

+0.35 


33.33 
100 


0.717 
0.805 


0.283 
0.195 


1. 14 
1. 18 


1. 136 
1. 186 


.50 


TaBLB    II. — K4     AND     Km     PoUND     FOR 

Sodium    Msthylatb    and     1,2,4-Di- 

MTROCBLOROBENZENB  AT  1$^. 

V  =  20      :V  —  33.33       1.342  0.627 

V  =  20      :V  «  100  1.288  0.732 
^'  =  33.33:V  =  100  1.268  0.814 


Average,     1.299  0.724 


Tablb  III. — Pbrcbntagb  op  Reaction 
Dub  to  Ions  and  to  Moi«bculbs. 


V. 

Percentage 

of  reaction 

due  to  aKf. 

Percentage  of 

reaction  due 

to  (l-a)Km. 

30 

77.7 

22.3 

33-33 

81.9 

18. 1 

100 

88.1 

II. 9 

On  the  reactions  of  sodium  ethylate  and  1,2,4-dinitrobromobenzene  in 
absolute  alcohol  at  15°. 

Tkblb  I.— Thb  lomzATioN,  Kn  Calculated  and  Pound  and  Error  in  Per  Cent. 
FOR  Sodium  Ethylate  and  i,2,4-Dinitrobromobenzene  at  15°. 


V. 

20 

33  33 
100 


a. 


0.525 

0.603 

0.749 


1  — a. 

0.475 
0.397 
0.251 


Table  II. — ^K,-  and  Km  Found  for 
Sodium  Ethylate  and  1,2,4-DjNrrRO- 
bromobenzbne  at  15**. 


-m. 


V  =  20      :V  -    33.33 

2.854  0.803 

V  »  20      :V  =  100 

2.834  0.825 

V  «  33  33:V  =  100 

2.828  0.842 

Kn  found.  Kn  calculated. 
1.88  1.880 

2.04  2.038 

2.33  2.332 


Table  III. — Percentage  of  Reaction 
Due  to  Ions  and  to  Molecules. 


Error  in 
per  cent. 

0.00 
+0.09 
08 


V. 

Percentage 
of  reaction 
due  to  aKf*. 

Percentage  of 
reaction  due 
to(l-«)Km. 

20 

79-2 

20.8 

33 

33 

83  9 

16. 1 

100 

91.1 

8.9 

Average,     2.838  0.823 
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On  the  reactions' of  sodium  ethylate  and  1,2,4-dinitrochlorobenzene  in 
absolute  ethyl  dcohol  at  15**. 

TABts  I. — ^Ths  Ionization,  Kn  Calculatsd  and  Pound,  and  Error  in  Pbe  Can. 
90R  Sodium  Ethylats  and  i,2,4-Dinitrocbu>robbnz8nb  at  15 ^ 

V.                         a.  1  —  a.  Kju  found.  K.fj  calculated.  Brror  in  per  ceat 

20  0.5258  0.4742              2.94                2.92                   +0.75 

33.33  0.6037  0.3963              3.26                3.17                   +2.74 

100  0.7497  0.2503              3.56                3.65                   — 2.51 


TaBLS  II. — ^Kj  AND  Km  PoUND  POR 
SODITTM  ETHYLATB  AND  1,2,4-DlNITRO- 
CHLOROBBNZBNB  AT  1$**. 

20       :V  =     33-33     4-887  0.814 
20       :V'=  100  4.253  1.484 

33-33'V  =»  100  4279  2.019 


V 
V 
V 


TaBLB  III. — PSRCBNTAGB  OF  RbaOIOV 

Dub  to  Ions  and  to  Molsculbs. 

Percent- 
Percentage      a^  of  reac- 
of  reaction       txon  doe  to 
V.  due  to  oKi,     (1  —  a)  Em- 

20  80.59  19-41 

33.33  85.08  14.92 

100  91.80  8.20 


Average,    4.473  1.195 


Conclusions. . 

The  work  of  Bruyn,  Steger  and  Lulofs  on  the  reactions  of  sodium 
methylate  and  sodium  ethylate  on  1,2-dinitrobenzene,  1,2,4-dinitrocIiloro- 
benzene  and  1,2,4-dinitrobromobenzene  can  be  reinterpreted  excellently 
as  transformations  of  both  the  ethylate  and  methylate  ions  and  the  non- 
ionized  soditun  ethylate  and  soditun  methylate. 

The  value  of  K^,  the  activity  of  the  nonionized  electrolyte  per  gram 
molecule  per  Uter,  is  from  25%  to  100%  as  large  as  the  value  of  K^,  the 
activity  of  the  methylate  or  ethylate  ion  per  gram  ion  per  liter. 

These  results  harmonize  excellently  with  (a)  about  30  reactions  which 
we  have  investigated  experimentally,  with  (6)  a  large  number  of  our  re- 
interpretations  of  the  work  of  others,  and  with  (c)  the  results  obtained 
recently  by  Arrhenius,*  Goldschmidt,*  Bredig,'  Stieglitz,*  Dawson,' 
Kilpi,«  Holmberg,^  Biddle«  and  Worley.* 

JoBMS  Hopkins  UNivBaamr,. 
Baltuiorb,  Md. 
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A  STUDY  OF  THE  REACTIONS  OF  SODIUM  1IAU)NIC  EST8R.         I915 

[CoinuBinioNs  from  tbb  Chsmicai,  Laboratory  ot  Harvard  Univsrhty.] 

A  STUDT  OP  THE  REACTIONS  OF,  SODroM  MALONIC  BSTER.^ 

[second  paper.] 

By  C  Lobimo  Jackson  amo  F.  C.  WHinfOBB. 
Reedrcd  June  17,  1915. 

In  a  previous  paper'  we  have  given  experimental  proofs  of  the  existence 
of  one  of  the  addition  compounds,  predicted  by  the  theory  of  malonic  ester 
reactions  proposed  by  H.  E.  Bigelow  and  one  of  us'  (but  earlier  by  Vdn 
Kndeisen^).  In  this  paper  we  take  up  the  remainder  of  our  theory, 
and  show  that  the  course  of  the  reaction  depends  in  great  measure  on  the 
relative  attractions  of  the  two  parts  of  the  substance  added  for  the  carbon 
attached  to  the  sodium. 

The  theory  may  be  briefly  stated  as  follows:  When  an  organic  sub- 
stance containing  a  halogen  reacts  with  sodium  malonic  ester,  the  first 
stage  is  the  addition  of  one  atom  of  the  halogen  and  the  residual  organic 
radical  to  the  (enol)  sodium  malonic  ester.  If  the  halogen  (X)  has  a 
greater  attraction  for  the  carbon  carr3ring  the  sodium  than  the  organic 
radical  (R)  has,  it  will  be  attached  to  it  (I) ;  and  this  will  break  t|p  into 
sodiimi  halide  and  substituted  malonic  ester.  If,  however,  the  organic 
radical  (R)  happens  to  have  the  stronger  attraction  for  the  carbon  attached 
to  the  sodium,  it  will  combine  with  this,  giving  the  addition  compound 
II,  which  will  decompose  into  halogen  malonic  ester  and  either  the  sodium 
or  hydrogen  compound  of  the  radical. 

I.  CH»OOC  — RCH  — CX(ONa)(OCH»)  «  RCHCCOOCjHs)^ + 
NaX. 

II.  CJHUOOC  —  XCH  —  CR(ONa)(OC,H,)  =  XCHCCOGCHs),  + 
RNa  or  RH,  if  the  decomposition  takes  place  on  acidification. 

The  object  of  this  paper  is  to  study  the  conditions  which  cause  the  re- 
placement of  halogen  by  hydrogen  (or  sodium),  tmder  the  influence  of 
sodium  malonic  ester  (II).  According  to  our  theory  this  takes  place 
^rboL  the  organic  radical  is  more  attracted  than  the  halogen  by  the  carbon 
carrying  the  NaO.  In  discussing  Nef's  theory  of  the  hydrogen  replace- 
ment' in  our  first  paper,  we  brought  forward  as  a  grave  objection  to  it 
the  fact  that  it  required  the  sodium  to  prefer  the  negative  organic  radical 
to  the  halogen.  This  objection  does  not  apply  to  oiu*  theory,  as  according 
to  it  sodium  itself  does  not  attract  the  halogen  or  the  organic  radical, 
but  an  atom  of  carbon  rendered  positive  by  NaO,  and  in  view  of  the  fact 

^  The  work  described  in  this  pai>er  formed  part  of  a  thesis  presented  to  the  Faculty 
d  Arts  and  Sdences  of  Harvaid  University  for  the  degree  of  Doctor  of  Philosophy 
by  Piank  CHfford  Whitmore. 

*This  Journal,  37»  1522  (1915)- 
*Am.  Chem.  J.,  46,  549  (191 1). 

*  /.  praJu,  Chem.,  65,  530  (1902). 

*  Ann.,  308,  306  (1899);  Am.  Chem.  J.,  3a,  449  (1904). 
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that  the  attraction  of  carbon  for  halogen  is  not  very  strong  at  best,  it 
seems  not  an  unjustifiable  supposition  that  this  might  prefer  a  strongly 
negative  carbon  atom  to  the  halogen.  Such  a  hypothesis,  however,  can 
be  accepted  only  when  supported  by  a  large  mass  of  evidence,  and  there- 
fore in  this  paper  we  show  that  all  the  experimental  results  we  have  been 
able  to  find,  are  satisfactorily  explained  by  our  thecny  with  a  single  ex- 
ception— ^bromide  of  cyanogen — ^in  which  case  sufficient  data  for  a  complete 
discussion  are  wanting. 

The  following  hst  contains,  we  think,  all  the  well-established  cases, 
in  which  the  halogen  of  an  organic  compound  is  replaced  by  hydrogen  or 
sodium  under  the  influence  of  a  sodium  ester. 

Work  in  this  laboratory  has  led  to  the  discovery  of  the  following  cases, 
in  which  a  halogen  was  replaced  by  hydrogen  in  nitrohalogen  aromatic 
compounds.  In  this  list  the  constitution  of  the  substance  is  indicated  by 
its  formula,  and  the  halogen  replaced  is  printed  in  italics^  The  other  re- 
agent was  sodium  malonic  ester,  except  where  noted.  CeNOjBrHBf  NOjBr,* 
also  with  sodium  acetoacetic  ester,*  C6N02BrN02BrN025f,»  CeNOjBrBr- 
BrNQp^r,*  QjNOsIHINOs/,'^  QjNOalBrlNOj/'  and  perhaps  C«HBrOHfir. 
OHBr,^  although  only  the  ethanetetracarboxylic  ester  could  be  detected 
in  this  case. 

When,  in  beginning  this  study  of  our  theory,  we  searched  for  halogen 
compounds  with  organic  radicals  negative  enough  to  give  the  hydrogen 
replacement,  the  most  promising  seemed  to  be  phenylsulfochloride,*whidi, 
according  to  our  theory,  should  give  with  sodium  malonic  ester,  sodium 
phenylsulfinate  and  chloromalonic  ester  (or  ethanetetracarboxyhc  ester). 
Upon  looking  up  the  literature,  however,  we  found  that  this  experiment 
had  been  tried  already  by  Kohler  and  MacDonald^  with  /^-tolylsulfo- 
•chloride,  and  had  given  exactly  the  results  predicted  by  us.  Soditun 
acetoacetic  ester  also  behaved  in  the  same  way  (repeated  later  by  von 
Findeisen^),  and  so  did  phenylsulfochloride  and  sodium  camphocarboxylic 
ester  as  observed  by  Brtihl.^®  We  have  also  tried  the  action  of  phenyl- 
sulfochloride on  sodium  malonic  ester  with  the  formation  of  the  sulfinate 
and  ethanetetracarboxylic  ester. 

Closely  related  to  these  observations  is  the  formation  of  sodium  ethyl-, 

*  Jackson,  Robinson,  Am.  Chem.  /.,  ri,  93,  448  (1889). 
«  Jackson,  Moore,  Ibid.,  12,  164,  (1890). 

» Ibid,  7,  (1890). 

*  Jackson,  Bancroft,  Ibid.,  289  (1890). 

»  Jackson,  Langmaid,  Ibid.,  3a,  297  (1904). 

•  Jackson,  Bigelow,  Ibid.,  46,  549  (19"). 
^  Jackson,  Dunlap,  Ibid.,  18,  iii  (1896). 
'  Ibid.,  32,  232  (1899). 

•  /.  praki.  Chem.,  65,  330  (1902). 
"5^r.,  35.4113  (1902). 
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sulfite  and  ethanetetracarboxyUc  ester  from  ethylsulftiric  chloride,  C2HB'- 
OSO2CI,  observed  by  Willcox,^  when  sodium  malonic  ester  was  the  other 
reagent.  Sodium  acetoacetic  ester  also  gave  the  sulfite. .  Less  closely 
related  is  Bischoff's^  conversion  of  diethyldisulfonemethanediiodide, 
(CiHbS0s)sCI2,  into  diethyldisulfonemethane  with  ethylenetetracarboxylic 
ester  as  the  secondary  product.  The  formation  of  the  ethylene,  instead 
of  the  ethane  compound,  is  probably  due  to  a  secondary  reaction.  In  all 
the  crises  so  far  mentioned  the  organic  radical  is  strongly  negative.  In 
Kohler's'  ethyl-  and  ethylenesulfocyanates,  which  gave  with  sodium 
acetoacetic  ester  disulfides  (through  the  mercaptids),  the  organic  radicals 
are  less  negative,  but  as  in  this  case  they  are  opposed  to  such  a  very 
weak  negative  radical  as  cyanogen,  they  might  well  take  the  position 
next  the  sodium.  Kohler's  interesting  observation  that  the  copper  aceto- 
acetic ester  gave  better  results  than  the  sodium  salt  may  be  caused  by 
the  fact  that  copper  has  a  stronger  attraction  for  sulfur  than  sodium  has, 
as  well  as  by  the  insolubility  of  the  copper  mercaptid.  In  continuatioa 
oi  this  line  of  work  we  tried  the  action  of  i-bromomercapto-2,4-dinitro- 
benzene,  CcHs(N02)sSBr,  with  sodium  malonic  ester,  and  obtained  a  little 
mercaptan  and  much  disulfide,  part  of  which  may  have  been  formed  from 
mercaptan.  In  this  case  the  attraction  of  the  sulfur  and  phenyl  for  the 
positive  carbon  is  reinforced  by  the  two  nitro  groups,  and  thus  may  be 
made  greater  than  that  of  the  bromine. 

Nef^  has  found  that  the  i^-bromo-  or  iodophenylacetylene  gave  phenyl- 
acetylene  and  ethanetetracarboxylic  ester  with  sodium  malonic  ester^ 
and  that  sodium  acetoacetic  ester  acted  in  the  same  way,  while  the  chlo^o 
compound  CeHbC  =  CI  gave  a  product  derived  from  the  union  of  the 
phenylacetylene  radical  with  malonic  ester.  The  well-known  formation 
from  acetylene  of  metalUc  derivatives  (copper  or  sodium)  indicates  a  strong 
attraction  for  positive  radicals,  which  in  this  case,  reinforced  by  phenyl, 
might  well  overcome  the  attraction  of  the  bromine  or  iodine  for  the  posi- 
tive carbon,  but  not  the  stronger  one  of  the  chlorine. 

In  our  own  work  on  this  subject  we  felt  an  especial  interest  in  benzoyl- 
iodide,  which,  according  to  our  theory,  might  give,  with  sodium  malonic 
ester,  benzaldehyd  in  addition  to  the  benzqylmalonic  ester — the  sole 
organic  product  of  the  action  with  the  chloride  or  bromide;  and,  in  fact» 
our  experiments  yielded  a  substance  showing  many  of  the  properties 
of  benzaldehyd,  but  differing  from  it  in  such  an  important  particular 
that  its  formation  cannot  be.  considered  established  without  much  more' 
work,  which  unfortunately  we  were  tmable  to  give  to  it.    This  work,  there- 

^  Am.  Chem.  J.,  33,  474  (1904}. 
» Ber.,  30,  488  (1897). 
*Am.  Chem.  J.,  3a,  68  (1899). 
*Ann.,  2|o8,  3051  316,  321  (1899). 
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fore,  is  not  used  in  the  discussion  of  our  theory.     On  the  other  hand,  as 
we  expected,  nitrobenzoylchloride  gave  no  aldehyd. 

We  have  found  also  that  bromomethanetricarboxylic  ester,  BrC(COOCj- 
115)5,  is  converted  into  methanetricarboxylic  ester  by  sodium  malonic 
ester,  and  that  a-bromodiphenylpropiophenone  has  the  atom  of  bromine 
replaced  by  hydrogen. 

While  we  were  writing  this  paper  we  received  an  account  of  similar 
replacements  of  bromine  by  hydrogen  in  bromylphthalimide  and  bromyl- 
succinimide  observed  by  Scheiber  and  Haun.^  The  reagents  used  were 
sodium  malonic  ester,  or  soditun  cyanoacetic  ester,  and  the  same  result 
was  probably  obtained  with  sodium  acetoacetic  ester,  although  in  tins 
cage  only  the  diacetosuccinic  ester  was  detected. 

The  classes  of  compounds  enumerated  above  have  furnished  29  cases 
of  the  replacement  of  halogen  by  hydrogen  (or  sodium) ;  and  we  can  find 
only  one  thing  which  they  have  in  common — all  contain  strongly  negative 
radicals.  Ptulher,  this  negativity  is  produced  in  a  great  variety  of  ways: 
by  nitrohalogenphenyl,  oxygen  compounds  of  sulfur,  sulfur  alone  (in  the 
sulfocyanates),  or 'reinforced  by  nitrophenyl,  phenylacetylene,  carboxyl* 
ester  groups,  phenylketones  or  imides  of  dibasic  acids.  This  seems  to  us 
a  very  strong  argument  for  our  theory. 

There  remain  to  be  considered  only  10  cases  of  the  replacement  of  halo- 
gen by  hydrogen,  in  all  of  which  the  radical  combined  with  the  halogen 
is  negative,  but  perhaps  not  enough  so  to  be  preferred  to  the  halogen  by 
the  positive  carbon.  They  belong  in  three  classes:  Reactions  of  sub- 
stituted alkylmalonic  esters,  of  polyhalides,  and  of  bromide  of  cyanogen, 
and  each  will  be  discussed  in  detail. 

Ruhemann'  found  that  bromomethylmalonic  ester,  and  sodium  makmic 
ester  gave  methylmalonic  ester  and  ethyknetetracarboxylic  ester/  and 
that  the  ethyl  compound  behaved  in  the  same  way.  These  results  were 
confirmed  by  Bischoff,^  who  also  extended  them  to  the  chloroesters,  and 
added  similar  results  from  the  action  of  chloro-  or  bromomalonic  esters 
on  sodium  methyl-  or  ethylmalonic  esters.  Later  in  this  introduction  will 
be  found  a  discussion  of  the  radicals  giving  the  hydrogen  replacement, 
from  which  it  appears  that  the  malonic  ester  and  alkylmalonic  ester  radi- 
cals are  among  the  least  negative  that  produce  it.  Taking  Ruhemann's 
reaction  of  bromomethylmalonic  ester  as  an  example  the  theory  would 
predict,  therefore,  that  both  the  addition  compounds  III  and  IV  would 
Ibe  formed,  some  molecules  giving  one,  some,  the  other,  so  that  we  should 

1  Ber.,  47,  3335  (i9H)- 

*  Ibid.,  36,  2357  (1893). 

*  We  have  shown  that  the  formation  of  the  ethylene  ester  is  due  to  the  use  of 
heat.     In  the  cold  ethanetetracarboxylic  ester  is  formed. 

*  Bet.,  29,  151 1  (1896). 
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expect  a  considerable  yield  of  the  substituted  malonic  ester  formed  from 
III,*  and  its  comparative  absence  in  the  actual  experiments  needs  explana- 

CH, 

I  Na 

NaO    C  =  (COOCai»)«  CH,    O 

II  I       I      Br 

BrC— C— COOC1H4  (COOCtH,),  -  C C— C— COOCiH, 

I     H  I     H 

(III).  (IV). 

tion.  The  amounts  formed  of  the  two  addition  compounds  (III)  and  (IV) 
will  depend,  in  part,  on  the  relative  negativity  of  the  halogen  and  organic 
radical,  in  part  on  the  other  conditions,  and  in  every  case  will  tend  to  reach 
an  equilibriiun ;  but  they  are  so  unstable  that  this  equilibrium  will  be 
established  between  the  products  of  their  decomposition  rather  than  be- 
tween the  addition  compounds  themselves.  The  decomposition  of  (IV) 
is  represented  by  the  following  reaction : 

(CH»0)NaOC[CCH,(COOCHj)2]CHBrCOOCsH6  = 

C(CH,)[CONa(OCH6)]COOC2H5  +  CHBr(COOCH»),. 

that  is,  it  falls  into  sodiiim  methylmalonic  ester  and  bromomalonic 
ester,  but  the  latter  will  react  at  once  with  the  excess  of  sodium  malonic 
ester,  since  this  reaction  has  been  found  to  take  place  essentially  instan- 
taneously, whereas  reactions  involving  alkylmalonic  esters  (whether 
bromo  or  sodium)  are  very  sluggish.  As  soon,  therefore,  as  the  reaction 
has  taken  place,  the  bromomalonic  ester  will  be  converted  into  ethane^ 
tetracarbozylic  ester,  and  the  equilibrium  being  broken  in  this  way,  more 
of  (IV)  wiU  be  formed  again  and  again  in  the  effort  to  restore  it,  thus 
producing  the  large  yield  of  ethanetetracarboxylic  ester,  while  the  sub- 
stituted malonic  ester  produced  from  (III)  will  be  reduced  to  a  very  small 
amount;  and,  as  a  matter  of  fact,  Bischoff  found  that  in  all  these  experi- 
ments such  minute  quantities  of  the  substituted  malonic  esters  were  ob- 
tained. 

The  other  case  where  bromomalonic  ester  acts  with  sodium  methyl- 
malonic ester  can  be  explained  in  the  same  way,  but  it  is  not  necessary  to 
give  the  details.  On  the  other  hand,  we  should  explain  why  bromomalonic 
ester  and  sodium  malonic  ester  give  only  the  substituted  malonic  ester 
(in this  case  the  ethanetetracarboxyUc  ester),  whereas,  since — CH(COOQ- 
Ht)s  is  more  negative  than  — CCH»(COOC2H6)2,  a  greater  amount  of  hydro- 
gen replacement  would  be  predicted.  This  is  due  to  the  fact  that  the 
addition  product  corresponding  to  (IV)  can  decompose  only  into  the  orig- 
mal  reagents  (bromomalonic  ester  and  sodium  malonic  ester),  so  that 
>  This  would  be  especially  the  case  with  the  chloro  compounds. 
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here  new  products  can  be  formed  only  by  the  addition  corresponding  to 

(III). 

Two  cases  of  replacement  of  halogen  by  hydrogen  have  been  observed 
with  polyhalides.  Tetrachloride  of  carbon^  gives  with  sodium  malonic 
ester  a  derivative  of  chloroform  and  ethanetetracarboxylic  ester;  and 
tetraiodoethylene^  gives  acetylene  and  ethanetetracarboxylic  ester.  To 
explain  the  action  of  tetrachloride  of  carbon  our  theory  requires  that  the 
radical  CClj —  should  be  more  strongly  attracted  by  the  carbon  carrying 
the  sodium  than  free  chlorine,  which  is  certainly  hard  to  believe;  and  yet 
the  following  considerations  (if  they  are  not  too  fanciful),  justify  this  idea. 
The  strong  attraction  for  sodium  residing  in  each  atom  of  chlorine  will  be 
only  partially  neutrahzed  by  the  union  of  the  chlorine  with  carbon,  for 
which  it  has  much  less  attraction.  It  may  be  possible,  therefore,  that  the 
residual  attractions  of  the  3  atoms  of  chlorine  left  after  union  with  the  one 
atom  of  carbon  should  together  exercise  a  stronger  attraction  for  the 
positive  carbon  than  the  entire  attraction  of  the  single  atom  of  free  chlorine. 
This  explanation  would  apply  even  better  to  the  case  of  tetraiodoethylene, 
as  it  contains  the  less  negative  iodine. 

■  Chloride  of  cyanogen  gives  cyanomalonic  ester.'  The  bromide  gives 
hydrocyanic  acid  and  ethanetetracarboxylic  ester.*  At  first  sight  this 
seems  to  be  in  accord  with  our  theory  as  bromine  should  be  replaced  by 
hydrogen,  when  chlorine  is  not,  but  a  more  careful  consideration  shows 
this  is  not  the  case,  because  bromine  is  certainly  more  negative  than  cyan- 
ogen, and  therefore  the  bromide  should  )deld  cyanomalonic  ester  instead 
of  hydrocyanic  acid.  This  is  the  only  observation  we  have  found,  which 
is  out  of  harmony  with  our  theory.  It  may  be  caused  by  the  intervention 
of  other  conditions,  such  as  differences  in  solubility  of  the  products,  or  of 
constitution  in  the  cyanogen  compounds,  but  at  present  not  enough  facts 
are  known  to  decide  whether  this  is  the  case.  It  is  also  possible  that  the 
effect  of  such  other  conditions  may  explain  the  reaction  of  tetrachloride 
of  carbon  rather  than  the  theory  proposed  above. 

We  have-  considered  now  all  the  undoubted  cases  of  hydrogen  replace- 
ment, and  have  found  only  i,  bromide  of  cyanogen,  which  does  not 
support  our  theory.  In  all  these  cases  the  hydrogen  replacement  was 
proved  by  the  identification  of  its  direct  products.  There  are  a  few  others, 
in  which  it  can  be  inferred  as  an  intermediate  stage  to  interpret  the  actual 
results,*  but  in  all  these  there  may  be  other  possible  interpretations  and 
so  we  prefer  to  omit  them  from  our  discussion,  although  they  tell  in  our 

*  Dimroth,  Ber.,  35,  2881  (1902). 

*  BischoflF,  Ibid.,  a8,  2832  (1895). 

'  Haller,  Ann.  Mm.  phys.,  [6]  16,  419  (1889). 

*  Nef,  Ann.,  398,  260  note  (1897). 

*  Btichner,  Ibid.,  284,  223;  Knovenagel,  Ber.,  ax,  1355. 
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favor.  We  also  leave  out  cases  in  which  a  ring  is  formed,^  as  this  aiwa3rs 
introduces  a  disturbing  condition,  which  may  even  prove  to  be  the  control- 
ling one. 

The  foregoing  discussion  furnishes  a  strong  argument  in  favor  of  otu- 
theory,  as  in  every  case  of  hydrogen  replacement  a  distinctly  negative 
organic  radical  takes  part  as  was  predicted,  and  it  is  fiuther  strengthened 
by  considering  the  substances,  which  give  the  other — ^the  malonic — ^re- 
placement, as  they  on  the  whole  are  less  negative.  Thus  the  most  nega- 
tive substances  which  give  this  malonic  replacement  exclusively,  are  the 
acyl  halides  (except  perhaps  behzoyliodide),  iodoanil,  and  benzalbromo- 
acetophenone,  to  which  should  be  added  BrC(COOC2H6)sCH2COOC2HB 
and  BrCCOOC2H6(CH2COOCiH6)2,  if  these  react  normally,  >>ut  there  is 
good  reason  to  think  that  in  these  cases  the  reaction  consists  in  the  re- 
moval of  hydrobromic  acid,  followed  by  addition  of  malonic  ester. 

As,  however,  we  have  no  strict  method  for  the  quantitative  determina- 
tion of  negativity,  so  that  it  is  in  large  measure  a  matter  of  judgment,  a 
general  comparison  is  less  satisfactory  than  one  confined  to  series  of  re- 
lated substances,  in  which  the  negativity  is  produced  by  the  same  radical. 
The  best  case  of  this  sort  we  have  found  is  given  in  the  following  table: 

BrC(COOCjH»)»       Replacement  by  hydrogen  only. 

BrCH(COOC3H»)«    Replacement  by  hydrogen  with  a  little  malonic  ester.* 

BrCHs(COOCtHi)     Replacement  by  malonic  ester  only. 

Here  the  nature  of  the  reaction  changes  as  the  negativity  of  the  radical 
decreases,  exactly  as  predicted  by  our  theory.  Another  similar  case  is 
the  formation  of  a  malonic  ester  derivative  from  chloroform,  while  in 
tetrachloride  of  carbon  the  fourth  chlorine  is  replaced  by  hydrogen. 

According  to  our  theory  the  replacement  of  halogen  by  hydrogen  is  to 
be  expected  with  bromine,  iodine,  or  cyanogen,  but  only  in  exceptional 
cases  with  chlorine.  As  a  matter  of  fact,  of  the  39  cases  of  this  reaction 
known  only  10  take  place  with  chlorine  compounds,  and  5  of  these  are 
the  exceptional  cases  anticipated,  in  which  the  radicals  (containing  sulfur 
and  oxygen)  associated  with  the  chlorine  are  so  negative  that  they  may 
well  be  more  strongly  attracted  by  the  positive  carbon.  The  remaining 
5,  however — 4  cases  of  chloromalonic  esters  and  tetrachloride  of  carbon — 
are  not  directly  in  harmony  with  our  theory,  as  their  organic  radicals 
belong  to  the  least  negative,  with  which  such  reactions  have  been  observed. 
Our  attempts  to  explain  away  these  objections  have  been  given  already. 
A  marked  confirmation  of  the  theory  is  found  in  Kohler's'  work  on  the 
ethyl-  arid  ethylenesulfocyanates,  where   but  slightly  negative  radicals 

*For  instance,   Gutzeit,    Engelmann,  /.  prakt.  chem.,  66,  123  (1902);   Perkin,  /. 
Chem.  Soc.,  59,  822  (1891). 

*  When  reacting  with  sodium  methylmalonic  ester. 
'  Am.  Chem.  J.,  22,  68  (1899). 
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brought  about  the  replacement  by  hydrogen,  and  this  should  be  the  case, 
when  the  halogen  is  cyanogen,  the  most  feebly  n^ative  member  of  the 
group. 

We  would  also  call  attention  to  the  fact  that  our  theory  explains  both 
the  hydrogen  replacement  reactions  and  those  in  which  substituted 
malonic  esters  are  formed,  whereas  Nef  used  different  theories^  to  exphiin 
these  two  sets  of  reactions. 

Another  strong  point  in  favor  of  otu:  theory  is  that  it  explains  many 
complex  chemical  processes,  which  without  it  were  decidedly  obscure. 
For  instance,  i,3,5-tribromo-2,4-'dinitrobenzene  with  sodium  malonic 
ester  gives  bromodinitrophenylmalonic  ester,*  the  formation  of  which 
can  be  explained  as  follows:  The  first  step  would  be  the  formation  of 
the  addition  compound  (V)  because  of  the  strongly  negative  character 

of  the  nitrobromo  organic  radical. 

Na 
O 

I     Br 
(C6H(NO,),Br,)— C— C-— COOCiHi 

I     H 
O 
CH, 

(V). 

That  this  is  the  first  stage  of  such  reactions  has  been  proved  by  the  work 
of  H.  £.  Bigelow  and  one  of  us  on  triiodobromodinitrobenzene.' 

The  addition  compound  (V)  still  contains  a  reactive  atom  of  bromine, 
and  therefore  adds  to  a  second  molecule  of  sodiiun  malonic  ester,  breaking 
for  this  purpose  into  bromine  and  [C«HBr(N02)2C(ONaOCiHe)CHBr- 
COOCsHfi],  but,  as  this  complex  radical  contains  an  atom  of  sodium, 
its  negativity  will  be  so  reduced  that  it  will  not  be  preferred  to  the  bromine 
by  the  positive  carbon,  so  the  new  addition  compound  will  have  the  for- 
mula (VI). 

Na  Na 

O     COOQHft  O 

II  I      Br 

BrC— C— CeH(NOj)«Br— C— C— COOCiH, 

I     H  I      H 

O  O 

C,H.  CHi 

(VI). 

This,  on  acidification,  will  yield  sodium  bromide,  bromodinitrophenyl- 
malonic ester,  and  bromomalonic  ester  (which  could  give  ethanetetra- 
carboxylic  ester),  the  actual  products  of  the  reaction. 

1  Ann.,  398,  263  (1897);  Ibid.,  308,  306  (1899). 
'  Jackson,  Robinson,  Am.  Chem.  J.,  zif  93  (1889). 
»/W(f.,46,  549  (191 1). 
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The  fact  that  the  third  atom  of  bromine  camiot  be  replaced  either  by 
hydrogen,  or  the  malonic  ester  radical,  is  also  explained  by  our  theory. 
As  is  well  known,  bromine  can  be  removed  from  the  benzene  ring  only, 
when  this  is  strongly  negative,  and  in  a  compound  like  (VI)  we  should 
expect  the  two  atoms  of  sodium  to  diminish  the  loosening  effect  of  the  two 
nitro  groups,  or  even  to  destroy  it,  as  was  found  to  be  the  result  here. 
If,  however,  there  were  three  nitro  groups  present  instead  of  two,  we  should 
not  expect  the  reactivity  of  the  last  bromine  to  be  completely  destroyed 
by  the  two  atoms  of  sodium,  although  it  should  be  much  diminished,  and, 
as  a  fact,  tribromotrinitrobenzene  forms  in  the  cold  bromotrinitrophenyl- 
malonic  ester,  in  which  the  last  bromine  is  retained;  but  if  boiled  with 
sodium  nmlonic  ester,  this  bromine  also  enters  into  reaction,  and  trini- 
tiophenylenedimalonic  ester  is  formed. 

The  explanation  given  above  will  not  apply  without  modification  to 
the  behavior  of  triiodobromodinitrobenzene^  which  gives  in  the  cold 
diiodobromodinitrobenzene,  but  this  product,  when  heated  with  sodium 
malonic  ester,  forms  ibdobromodinitrophenylmalonic  ester.  Here  the 
negativity  of  the  organic  radical  cannot  be  reduced  as  in  the  preceding 
case,  so  a  different  way  of  converting  the  diiodobromodinitrobenzene  into 
a  sodium  compound  must  be  sought;  and  this  is  supplied  by  some  work 
by  Gazzolo  and  one  of  us,^  which  showed  that  sodium  malonic  ester  com- 
bines with  trinitrobenzene  to  form  C«Hi(NOj)8[CHNa(COOCiH8)a],. 
The  conformation  necessary  for  such  an  addition  was  proved  to  be  a  nitro 
group  in  the  ortho  position  to  an  atom  of  hydrogen  or  some  other  in- 
different radical  and,  as  in  the  diiodobromodinitrobenzene  we  have  one 
such  conformation,  it  seems  certain  that  it  will  take  up  one  molecule  of 
sodium  malonic  ester,  thus  producing  the  reduction  of  its  negativity  re- 
quired by  our  theory. 

The  formation  of  ethanetetracarboxyUc  ester  in  place  of  halogen  ma- 
kmic  ester  in  many  of  our  experiments  needs  some  explanation,  because 
the  halogen  malonic  ester  is  not  formed  until  the  addition  compound  is 
destroyed  by  acidification,  and  it  would  seem  this  must  destroy  the  sodium 
malonic  ester  necessary  to  form  the  tetracarboxylic  ester;  but,  as. a  fact, 
in  such  cases  the  acidification  took  place  by  shaking  the  benzene  solution 
with  an  aqueous  add,  and  was  such  a  slow  process  that  part  of  the  sodium 
and  halogen  malonic  esters  had  time  to  react  on  each  other,  before  the 
whole  of  the  former  was  destroyed. 

An  objection  to  our  theory  might  be  fotmd  in  the  speed  with  which  the 

addition  compounds  leading  to  the  hydrogen  replacement  are  decomposed, 

since  this  action  consists  of  the  breaking  apart  of  two  atoms  of  carbon, 

which  generally  takes  place  less  easily;  but  it  is  to  be  observed  that  both  the 

i  Jackson,  Bigelow,  Am.  Chem.  J.,  46,  549  (191 1). 
*  Ibid.,  2^^  SSS  (1900), 
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organic  radicals  are  highly  niegative;  and  under  these  circumstances  de- 
composition is  often  easy,  as,  for  instance,  in  the  decomposition  of  chloral 
by  an  alkali,  and  of  hexabromodiacetyl,  which  is  split  by  very  weak 
alkaline  reagents  into  bromoform  and  oxaUc  add,  while  even  water  at 
100^  forms  bromoform  with  it,  according  to  observations  made  in  this 
laboratory.  The  fact  that  one  product  of  the  decomposition  is  the  very 
stable  carboxethyl  in  our  case  would  also  make  it  take  place  more  easily. 
It  might  also  be  objected  to  our  theory  that  it  does  not  explain  the  re- 
actions of  sodium  alcoholates  with  halogen  nitro  aromatic  compounds, 
which  give  in  some  cases  alkyl  ethers,  in  others  replacement  of  halogen  by 
hydrogen,  and  therefore  seem  to  be  parallel  to  the  reactions  with  sodium 
malonic  ester.  The  absence  of  a  double  bond  in  these  reagents  makes  it 
impossible  to  bring  the  cases  directly  under  our  theory,  and  we  have  found 
no  modification  of  it  that  we  feel  able  to  accept,  the  formation  of  addition 
compounds  containing  quadrivalent  oxygen,  for  instance,  being  contrary 
to  all  known  analogy.  If,  then,  the  sodium  alcoholate  reactions  are 
parallel  to  those  with  sodium  malonic  ester,  they  certainly  involve  an  ob- 
jection to  our  theory;  but  this  relation  between  them  is  more  apjparent 
than  real,  as  can  be  shown  by  a  few  difTerences.  The  phenylsulfochloride, 
if  the  reaction  is  parallel  to  that  with  sodium  malonic  ester,  should  give 
with  sodium  ethylate  sodium  sulfinate,  whereas  instead  the  product  is 
phenylsulfonic  ester.  Tribromotrinitrobenzene  also  gives,  with  sodium 
malonic  ester,  bromotrinitrophenylmalonic  ester,  but  with  sodium  ethylate 
a  mixture  of  trinitrophloroglucineethylether  and  of  tribromonitroresorcine- 
ethylether.'  It  seems  to  us  that  these  and  similar  differences  justify  the 
explanation  of  these  sets  of  reactions  by  different  theories,  and  therefore 
remove  this  possible  objection  to  oiu*  theory,  of  the  sodium  malonic  re- 
actions. 

Summary  of  the  Evidence  in  Regard  to  the  Theory. 

1.  One  of  the  addition  compounds  predicted  by  it  has  been  prepared 
in  a  pure  state,  and  analyzed,  as  described  in  the  first  paper. 

2.  All  the  compounds,  which  give  with  sodium  malonic  ester  the  re- 
placement of  halogen  by  hydrogen,  contain  strongly  negative  radicals; 
those  forming  substituted  malonic  esters  contain  less  negative  radicals. 

3.  The  replacement  by  hydrogen  generally  occurs  with  the  less  nega- 
tive halogens — bromine,  iodine  or  cyanogen.     In  the  few  cases  in  which 

■ 

chlorine  is  replaced  by  hydrogen,  either  it  is  associated  with  an  exception- 
ally negative  radical,  or  the  action  can  be  explained  more  or  less  satisfac- 
torily by  the  intervention  of  other  conditions. 

4.  The  theory  offers  a  satisfactory  explanation  of  both  classes  of  re- 
actions. 

5.  It  explains  clearly  complex  organic  processes,  which  without  it  were 
very  obscure. 
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6.  A  possible  objection  that  breaking  apart  two  carbon  atoms  would 
not  take  place  so  easily  as  the  decomposition  of  the  addition  compound 
leading  to  the  hydrogen  replacement  was  met  by  comparison  with  chloral 
and  hexabromodiacetyl. 

7.  An  objection  that  it  does  not  explain  the  parallel  reactions  with  so- 
dium alcoholates  was  met  by  citing  experiments  to  show  that  the  two  classes 
of  reactdons  are  really  not  parallel. 

Experimental. 

Action  of  Phenylsulfochloride  on  Sodium  Malonic  Ester. — In  the  intro- 
duction to  this  paper  we  have  already  mentioned  the  thorough  work  of 
Kohler  and  MacDonald^  on  the  action  of  ^-tolylsulfochloride  on  sodium 
malonic  and  acetoacetic  esters.  The  action  of  phenylsulfochloride  had 
not  been  tried,  and,  although  this  seemed  hardly  worth  while,  we  thought 
an  additional  example  of  the  hydrogen  replacement  would  repay  us  for 
the  slight  amoimt  of  work  involved.  As  we  expected,  we  obtained  sodium 
phenylsulfinate  like  Kohler  and  MacDonald,  but  unlike  them,  the  product 
of  the  secondary  reaction  in  our  case  was .  phenylsulfomalonic    ester  in- 

m 

Stead  of  the  sulfoacetic  ester  obtained  by  them.  This  second  product 
may  be  formed,  as  pointed  out  by  Kohler  and  MacDonald,  in  two  ways, 
either  by  some  of  the  molectdes  of  the  sodium  malonic  ester  giving 
the  substituted' malonic  reaction,  or  by  subsequent  action  between  the 
sulfinate  and  the  chloromalonic  ester  formed  at  first.  That  the  second 
formation  is  the  more  probable  they  showed  by  carrying  on  this  reaction 
between  chloroacetoacetic  ester  and  sodium  />-tolylsulfinate,  and  in 
this  case  as  in  the  primary  reaction,  obtained  the  />-tolylsulfoacetic 
ester  instead  of  the  acetoacetic  ester;*  whereas  we,  in  a  similar  experiment 
with  sodium  phenylsulfinate  and  chloromalonic  ester,  obtained  phenyl- 
sulfomalonic ester.  These  two  differences  between  the  results  of  Kohler 
and  MacDonald,  on  the  one  hand,  and  oiu's,  on  the  other,  are  obviously 
due  to  differences  in  the  treatment.  In  the  sulfochloride  reaction  the  sub- 
stituted malonic  ester  formed  at  first  may  have  been  decomposed  because 
they  dissolved  it  in  water,  and  then  evaporated  the  solution  to  dryness, 
whereas  our  product  was  made  in  the  cold,  and  without  exposing  it  to 
water.  On  the  other  hand,  in  their  chloroacetoacetic  ester  experiment 
the  use  of  heat  and  water  was  avoided,  so  that  here  we  can  only  suggest 
the  standing  for  two  weeks,  as  the  cause  of  the  conversion  of  the  acetoacetic 
ester  into  the  acetic  ester,  since,  in  our  work,  the  reacting  mixture  was 
not  allowed  to  stand,  but  was  worked  up  at  once. 

Kohler  and  MacDonald  in  one  of  their  experiments  obtained  from  the 
tolylsulfochloride  and  sodium  acetoacetic  ester  70%  of  sulfinate  and  22% 
of  tolylsulfoacetic  ester.    These  )rields  are  explained  by  the  precipitation 

*  Am.  Chem.  /.,  32,  232  (1899). 

'  This  had  been  tried  earlier  by  Otto,  Ber.t  23,  736  (1900). 
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of  the  sodium  stilfinate  by  the  ether  used  in  the  solvent,  thus  removuig 
it  from  the  sphere  of  the  reaction  as  fast  as  it  was  formed.  The  account  of 
our  own  work  follows: 

Sodium  malonic  ester  prepared  from  the  sodium  ethylate  from  3.5  g. 
of  soditmi  and  28  cc.  of  malonic  ester,  diluted  with  several  volumes  of  ether, 
was  treated  with  phenylsulf  ochloride  diluted  with  20  cc.  of  dry  benzene  and 
the  same  volume  of  dry  ether.  A  heavy,  white  precipitate  formed  at  once, 
but  in  order  to  be  sure  the  reaction  was  complete,  the  mixture  was  allowed 
to  stand  in  the  cold  for  10  days,  during  which  time  the  sodium  ethylate 
from  about  3.5  g.  of  sodium  was  added  gradually,  until  the  odor  of  the 
sulfochloride  had  gone.  The  precipitate  was  then  filtered  out,  and 
washed  with  several  small  portions  of  ether.  As  the  washings  evaporated, 
long,  white  needles  were  deposited  which  were  proved  to  be  ethanetetra- 
carboxylic  ester  by  the  melting  point  75**  (uncor.)  instead  of  76**,  as 
this  was  not  altered,  when  the  specimen  was  mixed  with  one  of  known 
ethanetetracarboxylic  ester. 

The  white  precipitate  was  heated  for  some  time  with  absolute  alcohol, 
and  filtered  hot,  when  the  filtrate  on  cooling  deposited  a  considerable 
amount  of  white  microscopic  rectangular  plates,  while  different  crystals 
were  obtained  from  the  filtrate,  after  it  had  been  evaporated  to  a  small 
volume.  The  rectangular  plates  nearly  insoluble  in  cold  absolute  alcohol 
were  dissolved  in  water,  and  treated  with  hydrochloric  add,  when  a  white, 
cloudy  precipitate  was  obtained,  but  without  filtration  the  mixture  was 
extracted  with  ether,  which  yielded  crystals  melting  at  83®  (uncor.)  after 
one  crystallization  from  hot  water.  Phenylsulfinic  acid  melts  at  83-84®. 
Both  the  acid  and  its  sodium  salt  gave  a  characteristic  white,  flocculent 
silver  salt  soluble  in  nitric  acid  or  in  ammonium  hydroxide.  There  is 
no  doubt,  therefore,  that  the  substance  is  sodium  phenylsulfinate. 

The  salt  soluble  in  cold  absolute  alcohol  gave  on  analysis 

Subs.,  1.0463;  NaiSOi,  0.2533. 

Calc.  for  CeHftSOjCNaCCOjCjHi),:    Na,  7.14;  found:  Na,  7.84. 

The  salt  is  therefore  the  spditmi  phenylsulfomalonic  ester,  the  somewhat 
high  restdt  being  due  to  some  sulfinate  which  had  been  separated  from  it 
only  by  one  crystalUzation  from  absolute  alcohol.  The  sodium  salt  of 
phenylsulfoacetic  ester  contains  9.20%  of  Na. 

Action  of  Chloromalonic  Ester  on  Sodium  Phenylsulfinate.— When 

solutions  of  equivalent  amounts  of  the  two  substances  in  absolute  methyl 
alcohol  were  mixed,  a  heavy,  white  precipitate  of  sodium  chloride  was 
formed  at  once.  The  filtrate  was  treated  with  a  solution  of  sodium  hy- 
droxide in  absolute  methyl  alcohol,  until  barely  alkaline  to  phenolphtba- 
lein,  and  then  on  evaporation  furnished  white  crystals,  which  were  ana- 
lyzed without  purification. 


« 
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Sobs.,  0.6035;  Na«S04,  0.1397. 

Cak.  for  CeHiSOsCNa(COOCsH») :    Na,  7.14;  found:    Ka,  7.50. 

The  products  of  the  reaction,  therefore,  are  phenylstilfomalonic  ester  and 
sodium  chloride. 

Action  of  Sodium  Malonic  Ester  on  i-Bromomercapto-2»4-dinitroben- 
xene. — ^The  i'bromo-2,4-dinitrobenzene  (melting  at  71®  (uncor.),  instead 
of  72°),  was  converted  into  2,4-dinitrophenyldisulfide,  which  blackened 
at  245^  and  melted  at  285^,  and  this  is  as  near  as  can  be  expected  to  its 
decomposition  jx»nt,  given  as  280°.  A  specimen  of  this  suspended  in 
carbon  tetrachloride  was  mixed  with  bromine  in  the  proportion  of  one 
nudecule  of  each  substance.  In  a  short  time  the  color  of  the  bromine  had 
nearly  disappeared,  when  the  precipitate  was  washed  with  carbon  tetra- 
diloride.  As  it  was  essentially  insoluble  in  all  organic  solvents,  we  saw 
no  means  of  purifying  it,  and  therefore  used  it  direct  in  our  experiments^ 
although  an  analysis  gave  21.94%  of  bromine  instead  of  28.67  calculated 
for  the  bromomercaptan,  showing  that  it  contained  a  quantity  of  unchanged 
disulfide.  It  blackened  at  about  120°  instead  of  at  245°,  as  it  should  if 
the  disulfide,  and  was  proved  to  be  the  bromomercaptan  by  boiling  a 
little  of  it  with  water,  when  the  filtrate  gave  a  strong  test  for  hydrobromic 
add  with  silver  nitrate.  A  purer  product  was  obtained  by  longer  standing 
with  the  bromine  and  greater  care  in  drying  the  carbon  tetrachloride, 
but  too  late  for  otu"  experiments. 

Sodium  malonic  ester  was  prepared  by  the  action  of  sodium  on  malonic 
ester  in  ether,  which  had  been  carefully  dried  but  not  previously  freed 
from  alcohol,  and  mixed  with  i-bromomercapto-2,4-dinitrobenzene,  sus- 
pended in  benzene  in  the  proportion  of  one  molecule  of  the  latter  to  2  of 
the  former.  The  mixture  tinned  red,  and  most  of  the  solid  went  into  solu- 
tion, showing  that  a  reaction  had  taken  place,  as  the  bromomercaptan  is 
insoluble  in  all  the  solvents  present.  After  standing  two  days  the  red  color 
had  changed  to  pale  yellow,  and  a  heavy  precipitate  had  formed.  The 
filtrate  from  this  was  shaken  with  dilute  sulfuric  acid,  and  on  evaporation 
yielded  a  small  quantity  of  yellow  crystals,  which  melted  at  130**  '(u^c^r.), 
after  crystallization  from  a  mixture  of  ether  and  alcohol; — i-mercapto-2,4- 
dinitrobenzene  melts  at  131°.  The  crystals  dissolved  in  dilute  sodium 
hydroxide,  and  were  repredpitated  tmaltered  on  acidification.  There 
seems  to  be  no  doubt,  therefore,  that  they  were  the  mercaptan.  We  were 
unable  to  analyze  our  specimen  at  the  time  we  made  it,  and  when  the  oppor- 
tunity came,  it  had  decomposed,  as  shown  by  a  rise  of  over  50^  in  the  melt- 
ing point,  undoubtedly  due  to  the  partial  conversion  of  the  mercaptan 
into  tke  disulfide. 

The  precipitate  was  extracted  with  various  solvents  in  the  hope  of  ob- 
taining more  of  the  mercaptan  and  the  expected  ethanetetracarboxylic 
ester,  but  the  oils  obtained  deposited  no  crystals  even  after  standing  for 
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6  months,  so  we  have  no  evidence  of  the  formation  of  the  tetracarboxylic 
ester.  The  undissolved  portion  of  the  precipitate  was  essentially  insoluble 
in  all  solvents,  and  we  suppose  it  to  be  mostly  2,4-dinitrophenyldisulfide, 
although  it  melted  in  the  neighborhood  of  260°  with  decomposition  in- 
stead of  at  280®.  We  have  not  thought  it  worth  while  to  try  to  determine 
the  nature  of  this  body  more  accurately,  since,  as  already  noted,  our 
bromomercaptan  contained  an  impurity  of  the  disulfide,  so  that  its  pres- 
ence cannot  be  used  as  a  proof  of  the  formation  of  the  mercaptan,  although 
there  is  no  question  much  of  the  mercaptan  would  have. been  converted 
into  it  both  by  the  action  of  unchanged  bromomercaptan  and  by  the  ox- 
idizing action  of  the  air. 

Benzoyliodide  and  Sodium  Malonic  Ester. — This  action  was  studied, 
because,  according  to  our  theory,  benzoyliodide  might  give,  with  sodium 
malonic  ester,  benzaldehyd  in  addition  to  benzoylmalonic  ester,  the  only 
product  obtained  with  the  chloride  and  bromide,  which  contain  more 
negative  halogens,  and  although  our  experiments  could  not  be  brought  to 
a  definite  conclusion,  owing  to  lack  of  time,  it  seems  worth  while  to  give 
a  brief  account  of  them. 

The  benzoyliodide  was  prepared  by  the  excellent  method  of  Staudinger 
and  Anthes,^  consisting  in  the  treatment  of  benzoylchloride  with  carefully 
dried  hydriodic  acid.  They  give  no  directions  for  drying  the  acid,  and,  as 
we  found  this  not  altogether  simple,  we  give  the  results  of  our  experience. 
At  first  we  used  phosphoric  pentoxide  tubes  alone,  but  found  they  were 
incapacitated  so  quickly  by  the  iodine  present  that  we  adopted  instead 
the  following  arrangement,  which  proved  satisfactory:  The  hydriodic 
acid  made  from  iodine  red  phosphorus  and  water  was  passed  through  a 
trap  consisting  of  a  long  slender  bottle  lying  horizontally,  which  kept  back 
most  of  the  iodine;  then  through  3  tubes  of  phosphoric  pentoxide,  followed 
by  a  U-tube  immersed  in  ice  and  calcium  chloride  and  standing  in  a  Dewar 
flask.  This  removed  the  last  trace  of  the  iodine,  after  which  the  gas 
passed  through  freshly  distilled  benzoylchloride  in  a  flask  protected  from 
moisture  by  a  phosphoric  pentoxide  tube.  The  action  was  continued 
until  a  solution  of  the  issuing  gas  gave  no  test  for  hydrochloric  acid.  The 
benzoyliodide  prepared  in  this  way  was  colorless,  but  on  exposure  to  the  light 
soon  turned  brown  from  liberation  of  iodine.  For  this  reason  the  flask 
containing  the  benzoylchloride  was  carefully  screened  from  light  through- 
out the  operation,  and  the  product  was  used  at  once,  after  having  been 
freed  from  the  excess  of  hydriodic  acid  by  a  stream  of  dry  carbonic  dioxide. 
As  the  presence  of  iodine  would  interfere  with  our  experiment  by  forming 
ethanetetracarboxylic  ester,  we  used  only  fresh,  colorless  specimens, 
thinking  that  this  was  safer  than  trying  to  remove  the  iodine  from  altered 

1  Bet,,  46,  1417  (1913). 
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spedmens  by  means  of  mercury,  as  recommended   by  Staudinger   and 
Antfaes. 

After  treatment  with  sodium  malonic  ester  the  benzoyliodide  gave  as 
the  principal  product  benzoylmalonic  ester,  but  if  the  oil  containing  this 
was  shaken  with  warm  water,  and  the  solution  thus  obtained  mixed  with 
an  equal  volume  of  glacial  acetic  acid,  and  treated  with  phenylhydrazine, 
a  smaU  quantity  of  solid  was  obtained,  which,  after  crystallization  from 
hot  alcohol,  showed  the  constant  melting  point  163^  (uncor.).     It  was 
divided  into  4  fractions  by  partial  predpitation  of  the  alcohol  solution 
with  water,  all  of  which  melted  at  163^  (uncor.)i  so  that  it  seemed  to  be 
homogeneous.     Benzylidenephenylhydrazone  prepared  from  benzaldehyd 
in  the  same  way  melted  at  158^  (uncor.),  and  when  mixed  with  our  product 
melting  at  163^,  the  mixture  melted  at  160^  (uncor.).    On  the  other  hand, 
benzoylphenylhydrazid  prepared  from  fresh  benzoyliodide  and  phenyl- 
hydrazine  and  melting  at  167^  (uncor.),  instead  of  168°,  gave  with  our 
product  melting  at  163°  a  mixture  melting  at  135-140^.     This  is  strong 
evidence  that  benzaldehyd  was  present  in  the  product  from  the  action  of 
benzoyliodide  on  sodium  malonic  ester,  but  it  cannot  be  accepted  without 
much  more  work,  because  the  melting  point  of  otu-  product  does  not  agree 
with  that  of  benzylidenephenylhydrazone.     It  is,  in  fact,  7^  higher  than 
the  one  usually  accepted — 1 56  °,  Behrend  and  Leuchs.  ^    There  is,  however, 
some  evidence  that  this  melting  point  is  too  low.    Reutt  and  Pawlewski' 
found  158-160^;  and  in  the  last  edition  of  Richter's  Lexicon  it  is  given  as 
160^,  but  we  have  been  tmable  to  find  whether  this  is  founded  on  Reutt  and 
Pawlewski's  work,  or  is  independent  of  it.    The  benzylidenephenylhydra- 
zone prepared  from  benzaldehyd  by  our  process  also  melts  higher — at 
158^  (uncos'.),  so  that  more  study  of  this  melting  point  seems  desirable, 
but  even  if  the  true  melting  point  should  prove  to  be  160°,  it  is  still  3*^ 
below  that  of  the  product  from  benzoyliodide,  and  this  discrepancy  has 
prevented  us  from  using  this  work  in  the  discussion  of  our  theory.     We 
regret  that  the  pressure  of  other  researches  has  prevented  us  from  giving 
further  study  to  this  subject.    We  could  find  no  ethanetetracarboxylic 
ester  among  the  products,  but  a  small  amount  of  it  remaining  dissolved 
in  the  oil  would  have  escaped  identification. 

Action  of  /^-Nitrobenzoylchloride  on  Sodium  Malonic  Ester,  C«H4N0r 
C0CH(COOC«Hj)2. — Five  g.  of  the  chloride  made  from  />-nitrobenzoic 
add  mdting  at  235®  (uncor.),  instead  of  238°  were  mixed  with  4.5  g.  of 
malonic  ester  dissolved  in  dry  ether,  and  the  mixttu'e  was  treated  with  an 
absolute  alcohol  solution  of  the  sodium  ethylate  from  0.5  g.  of  sodium. 
A  heavy,  white  precipitate  formed  at  once,  but,  to  complete  the  reaction, 
the  mixture  was  allowed  to  stand  for  4  days,  after  which  the  filtrate  was 

*  Ann.,  357,  227. 

'  Chem.  ZetUr.,  1903,  II,  1432. 
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shaken  with  dilute  sulfuric  add,  and  allowed  to  evaporate.    White  needks 

were  obtained  in  this  way,  which,  after  washing  with  a  sodium  carbonate 

solution,  were  recrystallized  from  hot  methyl  alcohol,  until  they  showed 

the   cohstant  melting  point  93^  (uncor.).     No  ^-nitrobenzaldehyd  or 

ethanetetracarboxytic  ester  could.be  detected  among  the  products  of  the 

reaction. 

Subs.,  0.2941;  Ns,  1 1.8  oc.  at  18^  and  765  mm. 

Calc.  for  Cai4NOtCOCH(COOCsHi)t:    N,  4.53;  found:    N,  4.66. 

Properties  of  ^Nitrobenzoylmalonic  Ester. — ^It  forms  white  needks 
from  methyl  akohol,  which  melt  at  93^  (uncor.).  It  is  easily  soluble  in 
ethyl  alcohol,  ether,  chl(»rof6rm,  or  acetone;  slightly  soluble  in  odkd  methyl 
alcohol,  or  ethyl  acetate,  easily  soluble  hot;  essentially  insoluble  in  water. 

Action  of  Bromomethanetricarbozylk  Ester  on  Sodium  Malonic  Ester. 
— ^The  methanetricarboxyUc  ester  used  by  us  boUed  between  140**  and  143° 
at  20  mm.,  and  was,  therefore,  essentially  pure.  It  was  mixed  with 
bromine  in  the  proportion  of  one  molecule  of  each,  and,  as  at  first  no  action 
took  place,  the  mixtiu'e  was  warmed  on  the  steam  bath,  which  started 
a  vigorous  reaction.  This  was  controlled  by  coohng  with  running  water 
or  warming,  tmtil  the  color  of  the  bromine  had  disappeared,  when  it  was 
shaken  with  powdered  sodium  carbonate,  and  allowed  to  stand  with  it 
over  night.  In  the  morning  its  reaction  was  neutral,  and  it  was  distilled 
under  diminished  pressure,  the  fraction  boiling  at  168-170^  at  20  mm. 
being  retained  for  use. 

Eleven  grams  of  this  bromomethanetricarboxyUc  ester  were  mixed  with 
the  sodium  malonic  ester  from  12  g.  of  the  ester  and  1.6  g.  of  sodium  in 
dry  ether  and  benzene,  that  is,  two  molecules  of  the  soditnn  malonic  ester 
for  each  molecule  of  the  bromine  compound.  The  mixture,  after  standing 
for  nine  weeks,  was  filtered  from  the  precipitate  of  sodium  bromide,  and 
shaken  with  10  cc.  of  strong  hydrochloric  acid  diluted  with  100  cc.  of 
water,  the  benzene  layer  washed  with  dilute  sodium  carbonate  soluticm, 
and  dried  over  calcium  chloride.  On  evaporating  ofiF  the  solvents  an  oil 
was  obtained,  which  soon  deposited  crystals  identified  as  ethanetetra- 
carboxylic  ester  by  the  melting  point,  which  was  unchanged  when  mixed 
with  a  quantity  of  the  piu^e  ester.  The  oil  obtained  from  the  mother 
liquors  and  drained  from  the  crystals  came  over  for  the  most  part  between 
170°  and  175^  at  45  mm.  Methanetricarboxylic  ester  should  boil  at 
about  172  ^  at  this  pressure,  and,  as  this  fraction  gave  no  test  for  bromine, 
there  seems  no  doubt  that  it  was  the  methanetricarboxylic  ester.  After 
this  fraction  had  passed  over,  the  temperature  rose  to  270**,  and  the  dis- 
tillate obtained  crystallized  on  cooling,  and  was  recognized  as  ethane- 
tetracarboxylic  ester  by  its  melting  point.  The  pure  crystals  of  this  sub- 
stance from  the  original  oil  weighed  7.5  g.,  that  is,  67%  of  the  calculated 
amount.    This  yield  would  be  somewhat  increased  by  the  amounts  ob- 
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tamed  ffxnn  the  mother  liquors  and  the  higher  fraction.    Apparently 
no  other  products  were  formed. 
Action  of  o-Bromodiphenylpropiophenokie  with  Sodium  Malonic  Bster. 

—This  substance  was  prepared  by  the  action  of  bromine  on  the  saturated 
ketone  obtained  from  benzalacetophenone  and  phenylmagnesium  bromide. 
Sodium  malonic  ester  was  prepared  by  treating  8.8  g.  of  malonic  ester  with 
the  sodium  ethylate  prepared  from  1.27  g.  of  sodium.  The  amount  of 
absolute  alcoh<d  was  kept  so  low  that  the  whole  solidified.  To  this  was 
then  added  10  g.  of  the  bromine  compound  dissolved  in  dry  benzene.  The 
proportion,  therefore,  was  2  molecules  of  the  ester  to  each  molecule  of 
other  reagent.  The  sodium  malonic  ester  dissolved  giving  an  orange  solu- 
tion, which,  after  the  mixture  had  stood  2  hours,  had  deposited  a  heavy, 
ndiite  precipitate,  but  in  order  to  be  stu%  the  reaction  had  run  to  an  end, 
itjwas  allowed  to  stand  3  weeks.  The  product  was  shaken  out  with  dilute 
saUnric  acid,  when  the  benzene  layer  on  evaporation  left  an  oil,  which 
solidified  on  stirring.  The  white  solid  thus  obtained  after  several  crystal- 
lizations from  alcohol  melted  at  93^  (uncor.),  instead  of  at  95  ^,  the  melting 
point  of  the  ketone  (C6H6)2CHCH2COC6H6  but,  as  a  mixture  of  our  product 
with  the  pure  ketone  melted  at  93-94^,  there  can  be  no  doubt  it  is  this 
compound.  The  yield  of  substance  melting  at  93  °  was  6  g.,  that  is,  76%  of 
the  theoretical,  and,  as  this  had  been  crystallized  several  times,  the  reac- 
tion for  its  formation  must  have  run  essentially  quantitatively.  The 
mother  liquors  from  these  crystals  on  concentration  and  standing  over 
night  yielded  other  crystals,  which,  after  ptunfication  from  hot  ether, 
proved  to  be  ethanetetracarboxylic  ester,  of  which  4.7  g.  were  obtained, 
that  is,  54%  of  the  theoretical  yield,  but  this  comparatively  small  amount 
was  explained  by  obtaining  from  the  mother  liquor  2.5  g.  of  an  oil,  which 
was  principally  bromomalonic  ester  to  judge  from  its  smell. 

Mr.  J.  6.  Conant,  of  this  laboratory,  informs  us  that,  when  he  treated 
o-bromo  -  3  -  bromo  -  4  -  methoxyphenylpropiophenone,  CHaOCeHjBrCHj- 
CHBrCOCeHs,  with  sodium  malonic  methylester,  he  obtained  a  small 
amount  of  the  ethanetetracarboxylic  methylester,  indicating  a  similar 
reaction  in  this  case,  although  apparently  a  less  complete  one  than  with 
the  substance  studied  by  us. 

Reacttoiis  willi  Derivatives  of  Metiiylmalonic  Ester. — ^In  his  work  on 
these  compounds  Bischoff^  found  that  chlorine  compounds  gave,  as  a 
nde,  ethanetetracarboxylic  ester,  while  the  bromine  compounds  yielded 
ethylenetetracarboxylic  ester.  In  only  one  case  did  he  obtain  the  ethane 
ether  from  a  bromine  compound  (bromomalonic  ester  with  sodium  methyl- 
maloiiic  ester),  and  then  it  was  mixed  with  the  ethylene  compound.  On 
the  other  hand,  the  chlorine  compounds  could  be  made  to  yield  the  ethylene 
ester  by  carrying  on  the  reaction  in  boiling  xylene.  This  result  suggested 
^Ber,,  19,  1510,  1515  (1896). 
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the  idea  that  the  ethylene  derivative  owed  its  formation  to  the  action  dt 
heat,  but,  as  it  was  possible  that  instead  its  ^appearance  indicated  a  dif- 
ferent  course  of  the  reaction,  we  have  repeated  Bischoff's  expeiiments 
with  bromine  and  methyl  compounds  carrying  on  the  work  in  the  cold. 

Five  grams  of  bromomethylmalonic  ester  diluted  with  its  own  volume 
of  dry  benzene  were  added  to  a  dry  benzene  solution  of  15.8  g.  of  malonic 
ester  previously  treated  with  the  sodium  ethylate  from  2.2  g.  of  sodium. 
After  standing  in  the  cold  3  weeks  the  product  was  shaken  with  dilute 
hydrochloric  add,  and  the  benzene  layer  allowed  to  evaporate  sponta- 
neously, when  it  3rielded  4.3  g.  of  ethanetetracarboxylic  ester,  that  is, 
68%  of  the  theory.  We  could  find  no  trace  of  ethylenetetracarboxytic 
ester,  but  there  may  have  been  some  of  it  dissolved  in  the  oil.  In  this  case, 
however,  the  large  yield  of  the  ethane  compound  shows  that  the  ethylene 
derivative  could  not  have  been  formed  in  large  quantity. 

Five  grams  of  methylmalonic  ester  and  the  sodium  ethylate  from  0.66  g. 
of  sodium  were  dissolved  in  dry  benzene,  and  added  gradually  to  34.3  g. 
of  bromomalonic  ester  also  dissolved  in  dry  benzene.  After  standing 
in  the  cold  for  3  weeks  the  product  was  worked  up  as  in  the  previous  experi- 
ment, yielding  an  oil,  which  deposited  0.9  g.  of  ethanetetracarboxylic  ester. 
This  small  yield  was  undoubtedly  due  to  the  solution  of  most  of  the  prod- 
uct  in  the  oil  consisting  of  the  excess  of  bromomalonic  ester.  No  ethylene- 
tetracarboxylic  ester  was  detected,  and  while  it  is  possible  that  some  of 
it  was  present  in  the  oil,  it  could  not  have  been  the  principal  product^ 
as  in  that  case  the  crystals  would  have  contained  some  of  it. 

It  follows  from  our  experiments  that  ethanetetracarboxylic  ester  is  the 
product,  if  the  work  is  carried  on  in  the  cold,  and  that  therefore  the  ethyl* 
enetetracarboxylic  ester  obtained  by  Bischoff  owed  its  origin  to  the  fact 
that  his  preparations  were  carried  on  at  the  boiling  point  of  absolute 
alcohol,  or  at  that  of  xylene. 

Although  the  action  of  picrylchloride  on  sodium  malonic  ester  has 
been  frequently  studied^  in  this  laboratory,  and  careful  search  has  been 
made  for  trinitrobenzene  in  the  reaction  products,  no  trace  of  this  substance 
has  been  detected,  so  that  the  reaction  nms  principally,  if  not  exclusively, 
in  the  usual  way.  In  the  hope  of  a  different  result  we  have  tried  the  action 
of  picrylchloride  on  sodium  methylmalonic  ester,  but  could  find  no  trace 
of  trinitrobenzene  or  dimethylethanetetracarboxyHc  ester.  The  prifl- 
dpal  product  crystallized  in  flat  straw-colored  needles,  and  melted  000- 
stant  at  78-79°.  We  have  no  doubt  that  it  was  the  trinitrophenylmethyl- 
malonic  ester,  but  it  was  so  explosive  that  we  did  not  succeed  in  getting 
a  good  analysis  of  it,  and  as  the  main  object  of  this  experiment  had  been 
obtained,  we  did  not  feel  inclined  to  use  up  on  a  secondary  point  the  large 

^Jackson,  Soch,  Am.  Chem.  J.,  i8y  133  (1896);  Jackson,  Phinney,  Ibid.,  21,  418 

(1899). 
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amount  of  time,  which  would  have  been  necessary  to  establish  the  com- 
position of  this  substance. 

The  action  of  sodium  malonic  ester  was  also  tried  with  the  following 
substances:  Nitro-  and  dinitrobenzyliodide,  and  the  corresponding  sul- 
focyanates,  triiodoresorcine  and'  tetrabromoorthoquinone;  but  in  each 
case  the  product  was  an  unmanageable  oil,  from  which  our  greatest  efforts 
failed  to  isolate  any  definite  compound.  Diiodoacetylene  gave  no  re- 
action with  sodium  malonic  ester,  whether  the  solvent  was  absolute  alcohol, 
dry  ether,  or  dry  benzene.  We  add  a  few  observations  made  in  the  course 
of  this  work. 

/HNitrobenzylsulfocyanate,  C6H4NO2CH2SCN. — This  substance- was 
prepared  by  Henry  ^  in  1869,  but,  as  he  does  not  even  give  the  melting 
point  of  it,  we  describe  it  more  in  detail.  /^-Nitrobenzylchloride  was  mixed 
with  potassium  sulfocyanate  in  acetone  solution,  and  the  filtrate  from  the 
potassium  chloride,  which  precipitated  at  once,  was  washed  with  water 
and  cooled  alcohol,  after  which  the  residue  was  recrystallized  from  hot 
alcohol,  until  it  showed  the  constant  melting  point,  85-86**  (uncor.). 

Subs.,  0.2368;  BaS04,  0.2863. 

Calc.  forCai4NOaCH,SCN:  S.  16.58;  found,  S,  i6.6i. 

Properties  of  ^Nitrobenzylsulfocyanate. — It  forms  very  pale  yellowish, 
long  needles  or  slender  prisms,  which  melt  at  85-86^  (uncor.),  and  dissolve 
easily  in  acetone,  chloroform,  or  ethylacetate ;  soluble  in  benzene;  slightly 
soluble  in  cold,  soluble  in  hot  alcohol,  methyl  alcohol,  or  ether;  soluble 
in  cold,  very  soluble  in  hot  glacial  acetic  acid;  almost  insoluble  in  cold, 
soluble  in  hot  carbon  tetrachloride;  slightly  soluble  in  carbon  disulfide; 
insoluble  in  cold,  sUghtly  soluble  in  hot  petroleum  ether;  insoluble  in 
water. 

a^Dinitrobenzylsulfocyanate,  G6Hs(N02)tCH2SCN.— This  substance 
was  prepared  in  the  same  way  as  the  mononitro  compound.  It  showed 
the  constant  melting  point,  86-87°  (uncor.).  It  is  certainly  strange  that 
this  should  differ  by  only  one  degree,  from  the  melting  point  (85-86°) 
<rf  the  mononitro  compound.     A  mixture  of  the  two  melted  at  58-60°. 

Subs.,  0.2390;  BaS04,  0.2342. 

Calc.  for C«Hi(NO»)jCHaSCN :  S,  1339; found:  S,  1346. 

Properties  of  2|4^Dinitrobenzylsulf ocyanaf e. — It  forms  pale  yellowish, 
short  prisms  terminated  at  both  ends  by  planes  at  a  somewhat  acute 
^gle.  It  melts  at  86-87°  (uncor.).  It  is  very  soluble  in  acetone,  chloro- 
form, or  ethyl  acetate;  soluble  in  benzene;  slightly  soluble  in  the  cold, 
soluble  hot  in  alcohol,  methyl  alcohol,  or  glacial  acetic  acid;  slightly 
soluble  in  ether,  or  carbon  disulfide ;  almost  insoluble  cold,  slightly  soluble 
hot  in  carbon  tetrachloride;  essentially  insoluble  in  petroleum  ether,  or 
^ter.  In  general,  it  is  slightly  less  soluble  than  the  mononitro  compound. 
^Ber.,  2,  638  (1869). 


1934  L-   S*  PRATT  AND  E.  HMMBT  RBID. 

The  best  solvent  for  it  is  hot  alcohol.  Both  these  sulfocyanates  should 
be  handled  with  care,  as  they  have  an  irritating  action  on  the  sldn,  wfaidi 
in  extreme  cases  may  cause  serious  poisoning. 

Cambrxdox,  MA88. 
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Introduction. 

A  study  of  the  elements  in  any  group  of  the  periodic  system  reveals 
certain  analogies  and  certain  contrasts  in  their  behavior.  Both  analogie& 
and  contrasts  are  found  when  we  compare  organic  oxygen  and  sulfur  de- 
rivatives. 

One  of  the  most  studied  organic  reactions  is  Qiat  of  esterification, 
while  but  little  attention  has  been  dcgi^oted  to  the  esterification  of  any 
but  oxygen  alcohols.  v 

The  study  of  the  esterification  of  sulfur  alcohols  was  taken  up  in  the 
hope  of  throwing  lig^t  on  the  theory  of  esterification,  and  of  comparing 
mercaptans,  or  sulfur  alcohols,  with  oxygen  alcohols. 

Historical. 

The  classical  experiments  of  Berthelot  and  Pean  de  St.  GiUes,^  and 
the  more  exact  work  of  Menschutkin'  and  Lichty*  have  shown  that, 
when  an  alcohol  is  heated  with  an  acid,  esterification  takes  place  and  a 
well-defined  limit  is  reached,  and  that  the  same  limit  may  be  readied 
by  heating  the  corresponding  ester  with  water. 

(i)  CHsCOOH  +  HOQHfi  :jlt  CHjCOOCHj  +  HOH. 

The  following  values  from  the  work  of  Menschutkin^  show  the  limits 
obtained  by  heating  acetic  acid  and  alcohols  in  equimolecular  quantities,, 
at  154"*: 

Methyl 69 .  52 

Ethyl 66.57 

Propyl 66.85 

fi-Butyl. . ; 67 .30 

iso-BvLtyl 67 .38 

Octyl 72 .34 

Cetyl 80.39 

If  these  results  are  plotted  as  a  ctu^e,  ethyl  alcohol  is  fotmd  at  the 
minimum,   the  limits  increasing  gradually  with  the  molecular  weights 

»  Am.  Chem.  Pharm,,  [3]  65,  385-422  (1862);  66,  5-218  (1862);  68,  225-359  (1863). 

*  Ber.,  II,  1507  (1878);  10,  1728  (1877). 

» Am.  Chem.  /.,  17,  27  (1895);  18,  590  (1896). 

*  Ber.   II,  1510  (1878). 
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<rf  the  alcohols.  Methyl  alcohol,  however,  instead  of  giving  a  limit 
Mow  that  reached  by  ethyl  alcohol,  shows  a  value  corresponding  roughly 
to  that  for  heptyl  alcohol.  This  is,  however,  in  keeping  with  the  usual 
ahaormal  behavior  of  the  substance. 

The  effect  of  temperattu'e  on  the  Umit  of  esterification  has  been  the 
subject  of  considerable  discussion,  and  even  at  the  present  time  there 
IS  some  uncertainty  as  to  the  facts  in  the  case. 

Menschutkin,^  in  1884,  quoted  Berthelot  as  showing  that  no  change 
in  the  limit  of  esterification  is  found  with  change  in  temperature,  and 
confirmed  this  by  his  own  results.  However,  he  showed  that  in  the 
case  of  amides  the  limit  is  considerably  raised  by  elevation  of  tempera- 
ture, while  in  the  case  of  anilides,  the  limit  decreases  quite  appreciably. 

On  the  other  hand,  Sabatier  and  Maihle^  quote  the  following  values 
;&om  the  work  of  Berthelot,  showing  that  the  limit,  in  the  esterification 
iof  acetic  acid  by  ethyl  alcohol,  in  equimolecular  quantities,  is  not  definitely 
feed,  but  that  it  gradually  changes  with  change  in  temperature: 

I  .        Temperature.  Time.  Limit. 

At  room  temperature  16  years  65.2% 

I                                 100  ^^  200  hours  65.6 

170°  42  hours  66.5 

200°  24  hours  67.3 

They  confirm  these  by  giving  data,  obtained  with  other  alcohols  and 
adds,  at  280-300^,  showing  that  at  these  temperattu'es  the  limits  are 
appreciably  higher  than  at  lower  temperatures. 

It  is  an  important  and  interesting  fact  that  the  limits,  for  various  acids 
and  many  primary  alcohols,  obtained  at  the  same  temperature  are  all 
aearly  alike,  varying  not  widely  from  66%. 

Using  benzoic  acid  and  ethyl  alcohol,  Berthelot'  and  Pean  de  St.  Gilles 
^tained  66.5%  as  the  limit,  which  is  practically  identical  with  the  value 
^•57%  found  by  Menschutkin  for  acetic  acid  and  ethyl  alcohol. 

Secondary  and  tertiary  alcohols  give  widely  different  limits  and  here 
again  it  is  found  that  alcohols  of  the  same  tyi>e  give  values  which  agree 
dosely. 

Reid,*  studying  the  mechanism  of  the  reaction  in  esterification,  em- 
ployed mercaptans  instead  of  alcohols,  in  order  to  distinguish  between 
the  (OH)  or  (SH)  group  of  the  add  and  that  of  the  alcohol.  He  showed, 
conclusively,  that  the  (OH)  group  of  the  acid  is  eliminated  with  the  (H) 
of  the  mercaptans  as  water,  also  that  the  reverse  reaction,  starting  with 
the  ester  and  water,  yields  the  oxygen  acid  and  mercaptan,  as  follows: 


C«H«CO  OH  +  H  SR  :i3:  CeHfiCOlSR  +  H  OH 


*  J.  prakt.  Chem,,  [2]  29,  437-47  (1884). 
»  Cimpt.  rend.,  152,  495  (191 1). 

»  Am.  Chem.  Pharm.,  [3]  68,  268  (1863). 

*  Am.  Ckem.  J.,  43,  489  (1910). 
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Reid  also  showed  that  the  reaction  reaches  a  well-defined  limit,  which 
confirms  the  original  idea  that  mercaptans  are  true  analogs  of  alcohols. 
He  carried  out  a  number  of  experiments,  using  benzoic  acid  with  ethyl 
mercaptan,  and  found  the  limit  to  be  at  about  16.8%,  which  is  much  lower 
than  the  limit  with  alcohols.  His  work  was  preliminary,  and  his  object 
was  to  establish  the  existence  of  the  limit  rather  than  to  find  its  exact 
location.     He  did  not  extend  the  work  to  other  mercaptans. 

The  present  work  was  taken  up  to  study  more  thoroughly  the  relations 
between  mercaptans  and  alcohols,  to  determine  whether  the  limits,  for 
a  series  of  mercaptans,  follow  relations  observed  with  alcohols,  and  to 
discover,  if  possible,  whether  the  limits  are  in  any  way  dependent  on 
temperattu'e. 

It  should  be  pointed  out  that  the  difiiculties  encotmtered  in  this  work 
are  much  greater  than  in  the  work  with  alcohols.  In  the  latter  case, 
Menschutkin,  Berthelot  and  Pean  de  St.  Gilles,  and  others,  used  constant 
proportions  of  alcohol  and  acid  in  a  series.  The  mixture  was  prepared, 
and  then  definite  amounts  of  it  were  sealed  into  the  reaction  t^bes.  Also, 
in  analyzing  the  reaction  mixture,  the  presence  of  alcohol  need  not  be 
avoided.  However,  in  working  with  mercaptans  the  proportions  of 
active  materials  were  widely  varied,  it  being  impossible  to  employ  a  mer- 
captan  solution  of  the  acid  without  very  great  loss  due  to  the  high  vapor 
tensions  of  the  mercaptans.  Mercaptans,  moreover,  are  acids,  and 
can  be  titrated  with  alkali.  Owing  to  this  fact,  it  is  necessary  to  eliminate 
the  mercaptan  from  the  reaction  mixture  before  titration. 

Such  considerations  make  it  evident  that  the  experimental  error  in 
using  mercaptans  is  larger  than  in  using  alcohols.  On  the  other  hand, 
there  is  a  decided  advantage  in  using  varying  proportions  of  active  ma- 
terial, since  systematic  errors,  which  may  become  uniform  and  on  tliat 
account  escape  notice,  are  thus  avoided.  The  results  obtained  may  not 
appear  so  accurate  as  those  obtained  by  the  other  method,  but  they  really 
mean  more. 

Materials. 

Benzoic  Acid. — ^The  benzoic  acid  was  a  well-known  firm's  best  grade. 

Mercaptans. — ^The  methyl  and  ethyl  mercaptans  were  made  by  Reid 
for  use  in  the  work  mentioned.  Both  were  freed  from  sulfides,  dried  and 
distilled,  only  the  best  fractions  being  used  in  this  work.  The  methyl 
mercaptan  boiled  at  6**,  the  ethyl  at  35.5**  to  36.1  °. 

The  propyl,  isobutyl  and  isoamyl  mercaptans  were  standard  com- 
mercial products. 

The  thiol  esters  were  made  by  alkylating  thiol-benzoic  acid,  prepared 
according  to  Kym's^  general  directions.  The  add  was,  however,  ptuifiec! 
by  dissolving  the  potassium  salt  in  water,  filtering,  and  liberating  'tli« 

»  Ber.,  32,  3533  (1899)- 
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acid  with  HCl.  After  settling,  the  oily  add  was  separated  and  the  aqueous 
sohitioa  extracted  with  ether.  On  evaporation  of  the  ether,  the  add 
was  ready  for  use  in  xgaking  the  esters. 

Methyl  Tliiolr-benzoate. — Dimethyl  sulfate  was  used  as  the  alkylating 
agent.  79  g.  of  thiol-benzoic  add  were  nearly  neutralized  with  KOH 
sdution.  79  g.  of  dimethyl  sulfate  were  then  added  slowly  with  vigorous 
shaking,  and  cooling.  The  mixture  was  allowed  to  stand  several  hours, 
and  was  then  heated  two  hotu's  under  a  reflux  condenser,  the  excess  di- 
methyl sulfate  being  decomposed  on  boiling. 

i  The  ester  separated  from  the  solution  and  was  removed  by  means  of 
la  separatory  fimnd.  The  solution  was  made  alkaline  and  the  remaining 
lester  extracted  with  ether.  The  ester  was  washed  several  times  with 
^ter,  dried  over  CaCU,  the  ether  evaporated  and  the  ester  redistilled. 
(The  ester  possessed  a  slight  green  color  which,  however,  disappeared 

several  months,  a  faint  brown  color  remaining.     50  g.  of  best  fraction, 
134**  was  obtained,  dfa  1.1381.     Obermeyer^  gives  byeo  231-232°. 

Ethyl  Thiol-benzoate. — ^This  was  made  according  to  the  directions 

Wheder*  from  potassium  thiol-benzoate  and  ethyl  bromide.  The 
was  distilled  in  a  partial  vacuum.  31  g.  of  best  fraction,  b^i  146°,  was 
obtained,  having  a  faint  brown  color.  The  density  found,  dls  1.0977, 
Krees  wdl  with  the  value  found  by  Reid,'  dH  1.097 1,  whose  samples 
were  fractionated  at  atmospheric  pressure. 

Pxopyl  Thiol-benzoate. — This  was  made  by  the  general  method  used 
by  Wheder^  in  preparing  the  ethyl  ester.    The  ester  was  carefully  frac- 
ated  in  a  partial  vacuum.     31  g.  of  best  fraction,  bu  1*44°,  were  ob- 

ined.    The  density  was  found  to  be  dfs  1.0724.    The  ester  possessed 

rather  deep  reddish  brown  color.     Inasmuch  as  the  method  of  prepara- 
used  was  perfectly  general,  and  well-known  compoimds  employed, 

analysis  of  the  ester  was  made. 

Water. — Conductivity  water  was  used. 

The  Furnace. 

An  dectric  furnace  (Fig.  i)  was  constructed  as  shown  in  the  diagram. 
It  consists  of  a  brass  tube,  C,  surrounded  by  a  porcelain  cylinder  in  two 
ions,  B  B',  on  which  is  wound  the  resistance  wire.^    The  system  is 
ted   thermally    by    two    inches    of    asbestos-magnesia    steam-pipe 
fpaddng,  A  A'.     The  electrical  connections  are  so  arranged  as  to  allow 
the  two  dectric  units  to  be  connected  in  parallel,  in  case  more  rapid  heat- 
ing is  desired. 

*  Ber.,  20,  2922  (1887). 
*Am.  Chem.  J.,  24,  69  (iSK»). 
'JWd..43,  493  (1910). 
*Loc.ca. 

*The  ready  wound  porcelain  cylinders  were  obtained  from  H.  G.  Crane,  226 
Cypress  St,  Brookline,  Mass. 


1938 


h*  S.  PRATT  AND  E.  UMUST  RQID. 


One  end  of  the  brass  tube  rests  against  the  adjustable^set-screw  D, 
which  is  placed  in  one  end  of  the  frame  I.  The  other  end  presses  against 
the  short  arm  of  the  small  lever  £,  the  long  arm  of  which  acts  against 
the  short  arm  of  the  indicator  lever  P.  The  indicator  lever  is  held  in 
carefully  adjusted  cone  bearings,  H,  which  reduce  friction  to  a  mini- 
mum. The  sliding  contact  between  the  two  levers  was  worked  very 
smooth  and,  when  oiled,  devieloped  no  appreciable  friction.  As  the 
temperatiu^  rises,  the  brass  tube  expands,  operates  the  system  of  levers 


Fig.  I. 

(which  multiplies  the  motion  about  loo  times),  and  finally  the  strip  of 
spring  brass  on  the  tip  of  the  indicator  lever  closes  the  relay  circuit  by 
pressing  the  strip  of  "platinum  foil  against  the  platintun  point  as  shown  | 
in  the  apparatus  J.  The  relay  breaks  the  heating  current,  allowing  thej 
furnace  to -cool  till  the  indicator  lever  drops  sUghtly,  opening  the  rdayi 
circuit.  G  is  a  bar  to  strengthen  the  frame.  The  furnace  is  set  by  in-j 
serting  a  thermometer  in  the  end  of  the  tube  and  adjusting  the  set-screir 
till  the  furnace  regulates  at  the  desired  temperattu^. 

When  in  operation,  the  brass  tube  is  fitted  at  each  end  with  asbestos  plugs 
1.5  inches  thick,  and  covering  the  whole  end  is  a  raised  plate  of  asbestos 
board,  insulating  from  radiation,  all  points  except  the  point  of  contaict 
of  the  lever,  or  the  set-screw,  and  the  brass  tube. 

This  furnace  has  given  entire  satisfaction,  its  performance  being  re- 
produceable  after  long  periods  of  inactivity.  It  has  been  used  at  193°, 
220**,  243**,  270°  and  300**.  The  temperattu'e  remained  constant  within 
a  range  of  about  4  °,  which  was  sufficient  for  this  work.  Much  of  the  varia- 
tion is  due  to  the  time  necessary  for  heat  to  penetrate  the  porcelain  cylin- 
ders, which  are  about  one- third  of  an  inch  thick. 

Another  furnace  of  somewhat  similar  design  is  in  process  of  construe- 
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tioa,  employing  alundum  cylinders  instead  of  porcelain,  and  affording 
better  insulation,  particularly  at  the  ends  of  the  tube.  It  is  hoped  that 
this  furnace  will  maintain  the  temperature  constant  within,  i  ^. 

Standard  Solutions. 

The  standard  barium  hydroxide  was  kept  in  a  large  stock  bottle  from 
which  it  was  run  through  a  siphon,  with  a  stopcock,  into  the  btu'et.  The 
top  of  the  buret  and  the  stock  bottle  were  protected  from  the  carbon 
dioxide  of  the  air  by  soda-Ume  tubes.  The  absence  of  any  appreciable 
amount  of  BaCOs  in  the  top  of  the  btu'et,  after  five  months'  use  of  this 
apparatus,  showed  that  the  protection  was  adequate. 

A  similar  S3rstem  was  used  for  the  HCl  solution,  except  that  the  vents 
were  protected  by  tubes  containing  HCl  solution. 

Both  solutions  were  approximately  o.i   N,  and  were  standardized 

frequently. 

Procedure. 

Hard  glass  tubes  about  6  X  75  mm.,  closed  at  one  end,  were  boiled  for 
six  hours  in  dilute  HCl,  one  hotu*  in  distilled  water,  and  then  thoroughly- 
dried. 

Add  Series. — Each  tube  was  weighed,  partly  filled  with  benzoic  add, 
drawn  out  to  a  narrow  neck  and  weighed  again.  The  mercaptan  was 
then  introduced,  the;  tube  being  cooled  in  ice  and  salt,  and  the  tube  seided. 
The  tube  and  the  tip  were  then  weighed. 

Ester  Series. — Each  tube  was  weighed,  partly  filled  with  thiol-ester, 
drawn  out  and  weighed  again.  One  or  two  small  drops  of  very  pure 
water  were  then  added  and  the  tube  sealed.  The  tube  and  the  tip  were 
Ihen  weighed.  After  being  heated  su£Sciently  in  the  furnace,  and  cooled, 
the  tubes  were  ready  for  analysis.  A  tube  was  scratched  with  a  file,' 
kept  for  a  time  in  a  test-tube  sturounded  with  ice  and  salt,  to  reduce 
pressure  due  to  the  vapor  tension  of  the  mercaptan,  quickly  broken, 
and  the  parts  dropped  into  a  120  cc.  Erlenmeyer  flask.  About  20  cc. 
of  alcohol  (distilled  from  KOH)  were  added  to  dissolve  the  reaction 
mixture. 

The  mercaptan  was  then  "blown  off"  by  passing  a  current  of  air  (free 
from  CO3)  through  the  solution  for  fifteen  minutes,  the  solution  being 
heated  by  immersing  the  flask  in  a  large  beaker  of  water  kept  at  50^. 

The  benzoic  acid  in  the  solution  was  then  titrated  with  standard  Ba(0H)2 
sohition  using  alcoholic  phenolphthalein  as  indicator.  This  method  of 
procedure  was  the  result  of  a  large  amount  of  preliminary  work  testing 
the  methods  best  adapted  to  eliminate  or  minimize  the  sources  of  error 
in  each  operation.  It  was  tested  by  subjecting  weighed  amounts  of  ben- 
zoic acid,  with  and  without  added  mercaptan,  to  the  same  treatment 
^d  then  titrating.     Correct  results  were  thus  obtained. 
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Ezperimental. 

Since,'  according  to  the  usual  reasoning  in  the  consideration  of  re- 
versible reactions,  the  amount  of  est^r  formed  in  unit  time  is  equal  to 
(benzoic  acid)  (mercaptan)  K,  and  the  amount  of  ester  decomposed  in 
the  same  time  is  equal  to  (water)  (ester)  K'  (the  expressions  in  parentheses 
represent  concentrations),  and  since,  at  equilibrium,  these  opposing 
velocities  are  equal,  we  have: 

(Benzoic  add)  (Mercaptan)  _  K'  __ 

(Water)   (Ester)  K 

For  equal  concentrations  of  acid  and  mercaptan  at  equilibrium, 

Amount  of  mixtiure  unesterified  _  VK'  _  Vr 

Amount  of  mixture  esterified  Vk  i 

or 

Amount  of  mixture  esterified  loo     « 


I  Vr  +  I 

In  percentages  this  becomes: 

Percentage  of  mixture  of  equivalent  amounts,  esterified  at  limit,  =  -=7 


Vr  +  i 

This  value  is  given  in  the  last  line  in  the  foUoydng  tables. 

Preliminary  experiments  were  carried  out  to  determine  the  tempera- 
tures to  be  used,  and  the  time  necessary  for  the  reactions  to  reach  equi- 
librium. The  residts  obtained  for  short  periods  of  time  were  irregular 
and  are  not  included  in  the  tables,  but  the  average  results  are  of  some 
interest  and  are  plotted  below  in  the  form  of  a  curve  (Fig.  2).  The 
temperattu-e  is  not  accurately  known,  as  the  thermometer  used  in  setting 
the  furnace  was  later  fotmd  to  be  defective;  but  it  was  about  200°.  The  [ 
curve  shows,  roughly,  the  decrease  in  velocity  as  the  reactions  approach 
equiUbrium. 

Series  I,  II,  III  and  IV  are  represented  complete  in  tabular  form,  the 
methyl,  ethyl,  propyl,  isobytyl  and  isoamyl  series  being  arranged  in  the 
order  named. 

In  tabulating  the  results,  the  data  involved  are  arranged  as  follows: 

a,  Add  or  ester  in  grams. 

b,  Millimols  of  add  or  ester. 

c,  Mercaptan  or  water  in  grams. 

d,  Millimols  of  mercaptan  or  water. 

e,  Cubic  centimeters  of  alkali  (0.09210  N)  required  for  titration. 
/,  Millimols  of  acid  present  calculated  from  e.     In  ester  series  this  equals 

mercaptan. 

>  Reid,  Am.  Chetn.  /.,  43,  499  (1910);  see  also  Bonz,  Z.  physik.  Ckem.,  2»  865  (1888). 
•  By  a  typographical  error,  this  is  printed  in  Reid's  paper  as  loo/Vr  —  i,  but  his 
results  were  all  calculated  by  the  correct  formula. 
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g,  Millimcds  mercaptan  remaining  (in  add  series). 
h,  Millimols  ester  remaining  (in  ester  series). 
k,  Millimols  water  =  remaining  (in  ester  series), 
m,  Millimols  ester  =  water  (in  add  series). 

%,  percentage  esterification.  This  is  calculated,  by  formula  deduced 
above,  for  equivalent  concentrations  of  add  and  mercaptan  or  ester 
and  water. 

In  add  series,  in  which  the  start  is  made  with  add  and  mercaptan, 
the  amount  of  ester  given  (m)  is  found  by  subtracting  the  add  remain- 
ing (/)  from  (b)  the  original  acid.    The  concentration  of  ester  (m)  equals 


Pig.  2. 

the  concentration  of  water.  The  millimols  of  mercaptan  remaining,  as 
given  in  (g),  is  obtained  by  subtracting  the  amount  of  ester  (m)  from  (d) 
the  mercaptan  originally  present. 
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In  the  ester  series,  starting  with  ester  and  water,  the  amount  of  ester 
given  (h)  is  found  by  subtracting  the  acid  present  (f)  from  (b)  the  orig- 
inal ester.  The  water  remaining  (k)  is  obtained  by  subtracting  the  add 
present  (/)  from  (d)  the  original  water. 

All  the  figures  given,  except  those  represented  by  a,  c,  e,  Vr  and  %, 
are  in  millimols. 

The  tables  for  corresponding  acid  and  ester  series  are  lettered  as  follows: 
Add  series  A,  B,  etc.,  ester  series  A',  B',  etc. 

Bracketed  results  are  not  used  in  calculating  the  limits. 

TABW5  A.— C«H.COOH  4-  CH,SH. 
67  hours  at  193^  and  168  hours  at  243*^. 

a...  0.1429  0.1268  0.1344   0.1463    0.1543    0.1581  0.1470   0.1391  0.1840  0.1891 

b...  1. 1707  X.0389  1.1012    1. 1986    1.2642    1.2953  1.2044    1. 1396  1.5076  1.549s 

c...  0.1484  0.0573  0.1746    0.0765    0.0847    0.0556  0.1301    0.0532  0.1485  0.0917 

d,,.  3.0851  1.1912  3.6298    1.5904    1.7609    1. 1558  2.7048    1. 1060  3.0873  1.9065 

e...  8.75  8.88  7.90      10.09      10.50      11.51  9.36      10.04  11.88  13.23 

/...  0.8059  0.8178  0.7276    0.9293    0.9670    1.060Z  0.8621    0.9247  1.0942  1.2185 

g...  2.7203  0.9701  3.2562    1.3211    1.4637    0.9206  2.3625    0.8911  2.6739  1.5757 

m..  0.3648  0.22 1 1  0.3736    0.2693    0.2972    0.2352  0.3423    0.2149  0.4134  0.3308 

Vf  '  4.0588  4.0285  4.1 199    4.1 144    4.0030   4.2002  4.1692    4.2240 

%..  19.8  19.9  19.6        19.6       20.0        19.2  X9.3        19.2 

Average,  19.5%. 

Tablb  A'.— C«H,C0SCH,  +  H,0. 
67  hours  at  193°  and  168  hours  at  243^. 

0.2534  0.291 1  0.2618  0.2709  0.2924  0.2647 

1.6671  1.9152  1.7224  1.7822  1.9238  1.7414 

0.0551  0.0375  0.0485  0.0490  0.0508  0.0445  0.0566  0.08361! 

2.8441    3.1718    3.0607  2.0831  2.6941  2.7220  2.8219  2.4720  3.1442  4.6440 ; 

21.60      19.02      16.78      17.64      17.13      17.68  18.95  17.08  19.25  19.93 

1.9894    1.7517    1.5454  1.6246  1.5777  1.6284  1.7453  r.5731  1.7729  1.835s 

0.2750   0.1483    0.1217  0.2906  0.1447  0.1538  0.1785  0.1683  0.1449  0.0941. 

0.8547    1.4201    1.5153  0.4585  1.1164    1.0936  1.0766  0.8989  1.3713  3.8085 

4.1034    3.8172    3.5987  4.4508  3.9254  4.3423  3.9813  4.0445  3.9772  3.570* 


4.1375    4.X887 
19.4        19.3 


0.3442  0.2888 
2.2644  1.9000 
0.0512    0.0571 


a. . . 
b. . . 

V  .    .    • 

».  .  . 

V  .    .    . 

H  •    •    m 

WW  •     •     • 

Vf. 

%..    19.6    .      20.7  21.7  18.3  20.3  18.7 

Average,  20.1%.    Limit  from  A  and  A',  19.6%. 


0.2915    0.2933 
1. 9 1 78    1.9296 


20.0 


19.8 


20.0 


21.9 


Tabls  B.—CHiCOOH  +  CH,SH. 
168  hours  at  220  ^ 


a 0.1527 

b 1.2511 

c 0.1939 

d 4.0312 

t 9.23 

/ 0.8501 

g 3  6302 

m 0.4010 

Vr 4-43x7 

% 18.4 

Average,  18.6%. 


0.1394 

O.Z325 

.     0.1485 

0.1369 

0.X481 

I.I42I 

1.0856 

I. 2167 

1.1216 

I. 2134 

0.1875 

0.1233 

O.I 182 

0.1633 

0.1506 

3.8981 

2.5634 

2.4574 

3.3950 

3.X3XO 

8.30 

8.42 

9-73 

8.37 

9.38 

0.7644 

0.7755 

0.8961 

0.7709 

0.8639 

3.5204 

2 . 2533 

2.1368 

3.0443 

2.7816 

0.3777 

O.3IOI 

0.3206 

0.3507 

0.3495 

4.3431 

4.2629 

4.3162 

4.3682 

4.4353 

18.7 

19.0 

18.8 

x8.6 

18.4 
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Tablb  B/— CftCOSCH,  +  HiO. 
168  hours  at  220^. 


a 0.2923  0.1887  0.2192  0.2756 

h 1.9230  I •2414  1. 4421  1. 8132 

c 0.0776  0.0532  0.0341  0.0338 

d 4.3106  3.9552  1.8942.        1.8776 

e 19.80  12.91  14.00  16.60 

/ 1.8236  1.1890  1.2894  1-53^9 

h 0.0994  0.0524  0.1527  0.2843 

k 2.4870  1.7662  0.6048  0.3487 

Vr 36677  39084  42430  4*8558 

% 21.4  20.4  19. X  17. 1 

Average,  18.8%.     Limit  from  B  and  B^  18.7%. 


0.2413 

0.3137 

1-5875 

2.0638 

0.0291 

0.0436 

I. 6165 

2.4220 

14.52 

19.60 

1.3373 

1.8052 

0.2502 

0.2586 

0.2792 

0.6x68 

5  0597 

4.5200 

16.5 

X8.2 

Tabw*  C.-Cai»COOH  +  CtHiSH. 
240  hours  at  193^  and  x68  hours  at  243 


o 


0.2002  O.X827  0.2x79  0.1559 

1.6403  X.4969  1.7853  1.2773 

0.0818  O.II86  O.X530  O.X644 

X.3I70'  1.9095  2.4634  2.6470 

15.35   13.51  15.97  X0.96 

X.4I37  1.2443  X.4708  ,1.0094 

X.0904  1.6569  2.379X  2.3791 

0.2266  0.2526  0.3145  0.2679  0.2632 

5.4793  5.6844  5.9193  5.7844  5.6640  5.6923  5-6273 

15.4        15.0  X4.4  14.7        15.0        14.9        15. I 
Average,  15.0%.    Traces  of  HjS. 


A.. . . 

0.1425 

0.X770 

V  •  •  ■  B 

I. 1675 

X.4502 

w»  «  •  • 

0.  X555 

O.X257 

Wmm  m    m 

2.5036 

2.0238 

v«  •  •  • 

9.91 

12.94 

J  •  9  m   m 

0.9x27 

I.1917 

^*  »  •  ■ 

2.2488 

1.7653 

^K  •   •  • 

0.2548 

0.2585 

Vf.. 

5.6226 

5.6x10 

/O"  • 

15.  X 

15.  X 

0.2068 

O.X986 

0.17x8 

1.6944 

X.6272 

1.4076 

O.II28 

O.X079 

O.XQ40 

X.8I6X 

1.7372 

1.6744 

15.54 

1494 

12.77 

1.4312 

X.3760 

X.X76X 

1.5529 

X.4860 

1.4429 

0.2632 

0.25x2 

0.2315 

Tabu*  C'.--C6HiC0SCH,  +  HiO. 
240  hours  at  X93^  and  x68  hours  at  243^. 

^•■.    0.3377    0.3538    0.3492    0.3580    0.3416    0.3232    0.2807    0.3695  0.3454  0.3815 

^•"    2.0343    2.1313    2.1036    2.1566    2.0578    X.9470    1.6910    2.2259  2.0807  2.2982 

<...    0.0606    0.0519    0.0682    0.0795    0.0544    0.0386    0.0623    0.0560  0.1335  0.0536 

d...    3.3663    2.8830    3.7885    4.4162    3.0220,2.1443    3.4607    3.H08  7.4159  2.9774 

«...  20.76     21-36      2X.59      22.09      20.75      18.78      17.54      22.25  21.68  22.95 

/'••.    1.9x20    1.9673    X.9884    2.0345    X.9111    1.7297    1.6154    2.0492  X.9967  2.X137 

*-..    0.1223    0.X640    0.1152    0.1221    0.X467    0.2173    0.0756    0.1767  0.0840  0.1845 

'm-    ^4543    0,9157    1. 8001    2.3817    I.I  109    0.4146    1.8453    1. 0616  5.4192  0.8637 

Vr      4.5336    5.<>764    4.3665    3.7727    4.7340    57627    4.3248    4.7312  9.3585  5.2950 

%..  18.1        X6.4        x8.6        20.9        17.5       (14.8)       x8.8         17.5  (9.6)  15.9 

Average,  18.0%.     Limit  f rom  C  and  C,  15.4%.    Traces  of  HjS. 
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BHUBT  RBID. 


Tabu  D.— CJliCOOH  +  C^IiSH. 

96  hours  at  330°. 

0.2209   0.1613    0,1564    0.1673 

1.3215    1. 1814    1.3707 

0.1647    0.1360    0.1374 

a.6517   3.1896  2.3133 


1.8099 
O.I66S 
2.6856 


■39 


1.30 


.iiSi 


J. 0490  1.0407 

3.3793  1-9489  19596 

0.2735  0.1407  0.3536 

5-7974  5-9167  5-8600 


14-5 


TjmM  E.— C«H.C00H  +  CH^H. 
16S  houra  at  330°. 
0.1818  0.1756  0.3310  0.1873  0.1783  o.i 
1.4895  1.4387  1.8936  1.5446  1460S  1.6S1J 
0.120s  0.1166  0.1395  0.1239  0.1438  0.1354 
1.9403  1.8773  2.3460  3.0271  2.3153  2.1B0O 
3.51       1306      17.38      13.98       13.06      15.33 

■  .2443      1.3038      1.6007      1.3875      1.3038     14114 

1.6950  1.6414  1.9541  1.7700  2.0573  »-9"o6 
0.2453  0.3359  0.3919  0.2J7I  0.2580  0.2694 
J. 9229  5.9564  6.0588  5.8719  6.0971  6.0965 
4.5  144  '43  146  141  14-1 
Average,  14.3%- 


i'.— CJIiCOSCA  +  Hrf> 

$6hoiina 

320'. 

,2 

0.2884 

0.2980 

0.3828 

8 

1-7374 

I.79S3 

1.7036 

6 

0.0314 

0.0167 

0.0330 

.3 

1.7843 

..4833 

.8331 

15-93 

14.86 

1598 

10 

1.4673 

1.3685 

1.4717 

•8 

0.3703 

0.4367 

0.3319 

3 

0.2770 

0.1147 

0.3614 

4 

5.3630 

6. 1861 

3-0837 

15-7       ( 

13-9) 

16.4 

16 

1%.    IJmit  from  D  and 

»%. 

Tablb  E'.— COIiCOSCJI.  +  H/). 
168  houn  at  330°. 
0.3310  0.3104   0.3468  0.3963   0.3489   0.3043 
1.3915    1-8698    1.4867    1.7849    1.4994    1-8331 
0.0330  0.0484  0.0359   0.0323   0.0379   0.0385 
1.8331    3.6886    1.4387    1.7943    a.1054    3.1386 

13.71      18.55      13-55      16.60      14.93      17.66 
1.3616    1.7084    1.14S0    1.5389    1-3741     1-626S 
0.1289   0.1614   0.2387    0.2560   0.1153    0.3066 
0.5705    0.9802    0.1907    0.3653    o-73»3     0.5131 
4.6561    4-3953    58437    5-8666    4-5393     5-o«H 

17.7         18.8         14.6         14.6        18.0         1G.7 
Average.  16.7%.    Limit  fnMO  B  and  E',  14.6%. 


Table  P.— CJ«:00H  +  CJI,SH. 
340  hours  at  193°  and  168  hours  at  343*. 


0.30S0 

' . 7043 

0.0323 

0.6870 

16.76 

1.5436 

0.5164 

0.1606 

3.6138 

151 

14.9%.  Traces  ot  HjS. 


1813 

4834 

0789 

0364 

15 

3033 

8343 

1833 

7907 


195 1 

0.1613 

0.3090 

.885 

0.1466 

3631 

1.3333 

1.7134 

5444 

I.30I1 

0755 

0.0754 

0.0794 

0S16 

0.0833 

9917 

0.9904 

1.0439 

0849 

1. 0810 

28 

12-50 

16.44 

14 

70 

11.34 

4073 

1. 1513 

1-5141 

.15.1« 

8369 

0.8184 

0.8446 

894.1 

0.9151 

1548 

0.1730 

0.1983 

1906 

0.1659 

0104 

5.6433 

3 . 7026 

7730 

5-7333 

.51 

15-1 

14.9 

14 

8 

14-9 
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Tablb  F'.— Cai»C0SCiH7  +  HiO. 
240  hours  at  193^  and  168  hours  at  243®. 

.0 0.3123  0.2846  0.2963  0.3028  0.2910 

b 1.7350  1.5811  1. 6461  1.6822  1. 6167 

c 0.0462  0.0588  0.0552  0.0621  0.0441 

d 3.5664  3.2663  3.0663  3-4497  2.2498 

e 17-76  16.55  17-17  17.54  16.48 

/ 1-6357  1.5243  1-5814  I. 6154  1.5178 

h 0.0993  0.0568  0.0647  0.0668  0.0989 

k.^ 0.9307  1.7420  1.4849  1.8343  0.7320 

Vf 5.3805  4.8459  5.1018  4.6147  5.6410 

% 15-7  17-1  16.4  17.8  15. 1 

Average,  16.4%.    Limit  from  P  and  T',  15.1%.    Traces  of  HsS. 
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0.2I2I 

0.2797 

I. 1783 

1-5539 

0.0189 

0.0507 

1.0498 

2.8164 

10.41 

x6.i8 

0.9588 

1.490a 

0.2195 

0.0637 

0.0910 

I .3263 

6.7840 

5  "71 

(12.9) 

16.3 

TablB  G.— CJHiCOOH  4-  CHtSH. 

Tablb  H.— CJI,C00H  -h  CiHtSH. 

168  hours  at  220^ 

240  hours  at  193  ^ 

a 

0.1946    0.2266    0.2216    0.1634    0.1625 

0.1863 

0.2186    0.1997    0.1913 

h 

1.5944    1.8566    I. 8156     1.3387     I. 3314 

1.5264 

1.7910    1.6362     1.5674 

c 

0.1302    0.1074    0.2436    0.1202    0.1038 

0.1654 

0.0627    0.0860    0.0443 

i 

1.7Z02     1.4x07    3.1998     1.5788     1.3634 

2.1726 

0.8236     1.X296    0.5819 

e 

14.83       17.67      16.22      12.38      12.40 

13.94 

17-63       1566       15-57 

J 

X.3658     1.6274    1-4938     1.1402     1.1420 

1 . 2838 

1.6237     1-4423     1-4340 

I 

1. 4816     1. 1815    2.8780    1.3803     1.1740 

1.9300 

0.6563    0.9357    0.4485 

m 

0.2386    0.2292    0.3218    0.1985    0.1894 

0.2646 

0.1673    0.1939    0.1334 

Vf 

6.2228    6.0500    6.4433    6.3200    6.1135 

6.4887 

6.170Z     5.9913    6.0115 

% 

13.9        14.2        13.4        13.7        14.1 

13.4 

13.9          14.3          I4-2 

Average,  13.8%.     Traces  of  HsS. 

Average,  14.1%. 

Table  G'.— CtHftCOSCjai  +  HjO. 

Table  H'.—CJIiCOSCiHr 

+  H,0. 

168  hours  at  220  ^ 

240  hours  at  193 

0 

• 

fl     0.3185 

0.2992    0.2333    0.3138 

0.2452 

0.2431 

0.2694    0.3268 

0.2817 

*     1-7694 

1 . 6622     I . 2961     1 . 7433 

1.3622 

1.3505 

1.4966     1.8155 

1.5650 

c     0.0456 

0.0642    0.0511     0.0255 

0.0357 

0.0320 

0.0466    0.0648 

0.0596 

i     2.5330 

3.5663    2.8386     I. 4165 

I . 9832 

1.7776 

2.5886    3.5996 

3.3108 

e    18.08 

17.44      13-60      14.54. 

13.93 

13  64 

15.56       18.98 

16.45 

/     1.6653 

1.6062     1.2525     1.3391 

1.2829 

1 . 2562 

1.4331     1.7481 

1. 5151 

ii     0.1042 

0.0560    0.0436    0.4042 

0.0793 

0.0943 

0.0635    0.0674 

0.0499 

A     0.8678 

1.9601     1.5861    0.0774 

0.7003 

0.5214 

I. 1555     I -8515 

1.7957 

Vf    5-5375 

4.8480    4.7630    7  5707 

5.4443 

5.6653 

5.2905     5.5522 

5.0613 

%  15-3 

17.1         17.4       (11.7) 

15.5 

15.0 

15.9         15.3 

16.5 

Average,  16.1 

%.     Limit  from  G  and  G'. 

>  14-1%. 

Traces 

Average,  15-6%. 

Limit 

of  HsS. 

from  H  and  H', 

14.3%. 
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Tablb  I.--C«H»C00H  +  McCH.CHsSH. 
67  hours  at  193  ^^  and  168  hours  at  243  ^ 

a...     0.1458    0.1341    0.1923    0.1562    0.1680   0.1701    0.1953    0.1519  0.1876  0.1849  • 

b. . .     1. 1945    10987    1.5756    1.2797    1-3764    13936    1.6002    1.2445  1.5379  1.5150 

C.      0.0717  0.0818  0.0872  0.0596  0.1098  0.0832  0.0989  0.1664  O.II57  O.I22X 

d...     0.7953  0.9073  0.9672  0.6611  1.2178  0.9228  1.0969  1.8456  1.2832  1.3545 

e...  11.58   10.48   15.43   12.70   13.25   13.52   15.43   11.61  15.00  14.54 

/...  1.0665  0.9652  1.42x1  1. 1696  1.2203  1-2452  1.4211  1.0692  1.3815  1.339' 

g...     0.6673  0.7738  0.8127  0.5510  0.0617  0.7744  0.9178  1.6703  1. 1268  1. 1784 

m..  0.1280  0.1335  0.1545  0.1101  0.1561  0.1484  0.1791  0.1753  0.1564  0.1759 

Vr.  6.5907  6.4735  6.9557  72914  72919  6.6172  6.3765  76234  7.9776  7.1414- 

%..  13.2   13.4   12.6'   12. 1   12. 1   13.1   13.5   1X.6  II. I  12.3 

Average,  12.5%.  Traces  of  HiS.  Limit,  12.7%. 


Table  I'.-<:AC00H  +  MeaCH.CHsCHsSH. 

67  hours  at  193^  and  168  hours  at  243  ^ 

a. . .  0.1909  0.1776  0.1925  0.2190  0.2139  0.1896  0.2319  0.1662  0.2354  0.1727- 

b,..     1.5641  1.455X  1.5772  1.7943  1-7526  1.5534  1.9000  X.3617  1.9287  1.4150- 

c...  0.1022  0.0957  0.1394  0.0802  0.1107  0.0794  0.1271  0.0766  0.1126  0.1461 

d...  0.98x2  0.9188  1.3383  0.7700  1.0627  0.7623  X.2202  0.7354  1.0810  1.4026- 

«...  13.25   12.31   12.53   16.42   X5.03   13.77   x6.i2  12. II   16.90   10.65 

/...  1.2203  1. 1337  1-1540  1.5123  1.3842  1.2682  1.4846  1. 1153  1.5565  0.9809- 

h,..  0.6374  0.5974  0.915 1  0.4880  0.6943  0.4771  0.8048  0.4890  0.7088  0.9685. 

k...  0.3438  0.3124  0.4232  0.2820  0.3684  0.2852  0.4144  0.2464  0.372a  0.4341 

Vf .  8. 1 1 20  8.0974  7-6787  9.6333  8.4152  8.6247  8.3210  9.4779  8.9239  7.I002J 

%. .  ii.o    ii.o    11.5  9.4    10.6    10.4    10.7  9.5    lo.i    12.3 

Average,  10.6%.  Traces  of  HiS.  Limit,  10.8%. 

Discussion  of  Results. 

On  examination  of  the  foregoing  results,  it  is  evident  that,  while  very* 
concordant  values  are  obtained  from  the  add  series,  those  obtained 
from  the  ester  series  show  wide  variations.  This  was  noted  early  in  the 
work,  and  an  attempt  was  made  to  discover  the  reason.  Great  care 
was  exercised  in  the  preparation  of  the  tubes,  and  in  some  of  the  later  work 
the  furnace  was  rocked  frequently  to  insure  more  thorough  mixing  in  the 
tubes,  but  the  variations  were  not  eliminated.  This  feature  of  the  prob- 
lem will  be  investigated  further. 

It  is  evident  that  in  all  of  the  series  the  reaction  nearly  reached  the 
hmit,  the  values  from  add  and  ester  series  differing  in  most  cases  by  less- 
than  2%.    This  is  espedally  important  in  considering  the  isobutyl  and 
isoamyl  series,  inasmuch  as  in  these  cases  no  ester  series  was  run.     How- 
ever, since  in  the  other  series,  heated  the  same  length  of  time  at  the  same 
temperattu-e,  the  reaction  went  nearly  to  the  limit,  it  is  reasonable  to  as-- 
sume  that  in  these  series  also  the  limit  was  very  nearly  reached.    On . 
this  assumption,  the  limits  for  these  two  series  are  set  fairly  definitdy. 
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One  point  of  particular  interest,  as  shown  more  dearly  in  the  table 
bdow  which  sums  up  all  the  results,  is  in  regard  to  the  relative  stability 
of  the  esters,  inasmuch  as  it  is  believed  from  this  work  that  the  ester  is 
the  substance  which  undergoes  decomposition.  It  will  be  noted  that 
no  decomposition  was  detected  in  the  tubes  containing  methyl  esters  at 
243  *'.  In  the  case  of  the  ethyl  ester  slight  decomposition  was  found  in 
tube  heated  at  243^,  but  none  in  tubes  heated  at  220^  while  in  the  case 
of  the  propyl  ester  slight  decomposition  was  found  at  220**.  It  should 
be  stated  that  only  slight  traces  of  H2S  were  found  in  tubes  heated  at  any 
temperature  below  270®,  but  at  this  temperature,  in  the  ethyl  series,  de- 
composition took  place  to  an  extent  that  completely  vitiated  the  results. 
The  values  obtained  were  not  tabulated. 

It  appears,  from  these  facts,  that  the  stability  of  the  esters,  in  this 
homologous  series,  decreases  steadily  with  increase  in  molecular  weight. 
In  a  series  of  six  tubes  heated  at  300®,  five  exploded,  and  the  contents  of 
the  sixth  showed  very  strong  decomposition,  being  nearly  black.  As 
pointed  out  in  the  introduction,  the  Umits  reached  in  a  homologous 
series  of  alcohols  may  be  plotted  in  a  curve,  with  ethyl  alcohol  at  the 
minimum,  the  limits  ascending  with  increase  in  molecular  weight,  on  the 
one  hand,  and  methyl  alcohol  reaching  an  abnormally  high  limit,  on  the 
other.  The  results  for  various  mercaptans  tabulated  below,  Table  J, 
show  that  with  the  mercaptans  the  Umit  is  higher  for  methyl  than  for 
ethyl,  but  the  limit,  instead  of  rising  for  higher  molecular  weights,  seems 
to  decrease  slightly. 

The  isobutyl  and  isoamyl  limits  can  hardly  be  plotted  as  representative 
of  higher  molecular  weights  in  this  connection,  as  forked-chain  com- 
pounds are  not  strictly  comparable  to  normal  compounds. 

Table  J. — ^LnaTs  at  Various  Tbmpbraturbs  with  Various  Mbrcaptans. 

Isotmtyl.  iMMmyl. 


penture. 

Methyl. 

Ethyl. 

Fropyl. 

193' 

■    • 

•    • 

14.3 

220** 

18.7 

14-7 

14.1^ 

243" 

19.6 

15. 4> 

15. I* 

270* 

■    • 

t 

•       • 

•     a 

300® 

•    • 

8 

■      ■ 

12.7*  10 


8' 


The  data  are  not  extensive  enough  to  show  conclusively  the  influence 
of  temperatitfe  on  the  limit,  but  so  far  as  the  observations  go,  the  limits 
are  higher  for  higher  temperatiu-es,  the  elevation  being  of  the  same  order 
and  in  the  same  direction  as  in  the  results  quoted  for  the  alcohols. 

By  examining  the  data  in  the  various  tables  it  will  be  seen  that  the  pro- 
portions of  acid  and  mercaptan,  or  ester  and  water,  used  have  no  ap> 
predable  influence  on  the  limit. 

^  Slight  decomposition.    Lead  acetate  papers  showed  trace  of  hydrogen  sulfide. 

*  Considerable  decomposition. 

*  Complete  decomposition. 
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Conclusions. 

(i)  It  has  been  conclusively  shown  that  the  mercaptans  are  entixetj 
analogous  to  the  alcohols  in  esterification. 

(2)  The  limits  obtained,  using  mercaptans,  follow,  in  general,  relations 
observed  using  alcohols,  but  are  much  lower. 

(3)  The  reactions  between  methyl,  ethyl  and  propyl  mercaptans  ani 
benzoic  acid,  and  between  the  thiol-esters  and  water  at  220^  may  be  repre- 
sented as  follows: 

1 

(i)  Acid  +  mercaptan  "^I^  ester  +  water. 

r 

1 

(2)  CeHftCOOH  +  CHjSH  -^  C^HsCOCSH,  +  HOH. 

18.9 
1 

(3)  C^HjCOOH  +  C2H5SH  -^  CeHftCOSCaHs  +  HOH. 

33.6 

(4)  QHsCOOH  +  CHtSH  :^  CeHsCOSCOiy  +  HOH. 

36.6 

(4)  The  stability  of  the  esters  was  found  to  decrease  with  increase 
in  molecular  weight. 

(5)  The  limit  was  found  to  be  independent  of  the  proportions  of  the  J 
reacting  substances.  ' 

(6)  The  limits  were  found  to  ascend  gradually  with  rise  in  temperature.  | 

This  work  will  be  extended  to  other  mercaptans  and  to  other  adds* 
and  will  include  a  study  of  secondary  and  tertiary  mercaptans.     The' 

1 

latter  phase  should  prove  to  be  of  special  interest  on  account  of  the  re-  ^ 
lations  observed  using  secondary  and  tertiary  alcohols.  ] 

Johns  Hopkins  Univbrsity,  ^ 

I 


Baltimoks,  Md. 


PHENOLQUmOLUfEm,  A  HETEROCYCLIC  ANALOG  OF 

PHENOLPHTHALEIN. 

By  Astbux  W.  Dox. 
Received  June  19,  1915. 

The  similarity  in  behavior  of  quinolinic  acid  and  phthallic  acid  was 
pointed  out  by  Bemthsen  and  Mettegang^  in  1887.  These  investigators 
showed  that  quinolinic  anhydride  reacts  with  benzene  in  the  presence  ci 
aluminium  chloride,  according  to  the  Friedel-Crafts  reaction,  to  fana 
benzoylpyridine  carboxylic  acid,  just  as  phthallic  acid  under  similar  con- 
ditions yields  benzoylbenzoic  acid.  They  succeeded  also  in  preparing 
a  condensation  product  of  quinolinic  anhydride  with  resordn,  correspond- 
ing to  fluorescein,  which  they  named  fluorazein.  Like  fluorescein  it  was 
strongly  fluorescent,  and  on  treatment  with  bromine  it  yielded  an  eosin- 
like  dye. 

^  Ber,,  ao,  1208  (1887). 
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The  writer  thought  it  might  be  of  interest  to  prepare  the  analog  of  phenol- 
phthalein  by  condensing  quinolinic  anhydride  with  phenol,  and  to  ascertain 
whether  the  resulting  product  would  have  the  properties  of  an  indicator. 
Quinolinic  add  was  converted  into  its  anhydride  by  heating  with  acetic 
anhydride  and  washing  out  the  acetic  acid  and  excess  of  acetic  anhydride 
by  means  of  carbon  tetrachloride.  Phillips'  recommends  heating  one 
part  of  the  add  with  two  parts  of  acetic  anhydride  to  120^,  then  gradually 
raising  the  temperature  to  150*^.  The  writer  found  that  a  quantitative 
yidd  of  the  anhydride  was  obtained  by  gently  heating  the  mixture  until 
solution  was  effected,  then  simply  boiling  for  five  minutes.  On  cooling, 
the  anhydride  separated  out,  and  after  washing  with  carbon  tetrachloride, 
I  it  showed  the  correct  mdting  point  of  134**. 

Ten  grams  of  quinolinic  anhydride,  20  g.  phenol,  and  8  g.  of  concentrated 
salfuric  add  were  heated  in  an  oil  bath  at  120°  for  ten  hours;  The  mixture 
was  then  poured  into  water,  and  the  solution  boiled  until  the  excess  of 
phenol  was  expelled.  A  yellow  granular  predpitate  formed,  which  was 
collected  on  a  filter,  then  dissolved  in  alcohol  and  purified  by  boiling  with 
charcoal.  A  nearly  colorless  solution  was  obtained,  which  on  evaporating 
and  diluting  with  water  became  milky  and  finally  yidded  a  yellowish 
grantdar  sediment.  The  product  was  analyzed  for  nitrogen  by  the  Kjel- 
dahl-Gunning  method. 

Calc.  for  CuHis  NO4:  N,  4.56;  fouxid,  4.50. 
Like  phenolphthalein,  phenolquinolinein  is  a  brilliant  indicator,  giving 
an  intense  pink  color  with  alkalies  which  is  immediately  discharged  on 
acidifying.  On  account  of  the  basic  nature  of  the  p)aidine  nucleus,  the 
end  point  might  be  expected  to  be  somewhat  different  from  that  of  phenol- 
phthaldn,  but  this  was  not  determined.  On  account  of  the  present  cost 
of  quinolinic  acid,  it  is  not  probable  that  the  indicator  will  find  any  ex- 
tensive application  in  titrimetric  work.  The  analogy,  however,  is  consid- 
ered of  suffident  interest  to  warrant  this  brief  paper. 

Iowa  Stats  Coujmss, 
Ansa,  Iowa. 
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STUDIES   ON  THE   CULTURE   MEDIA  EMPLOYED  FOR  THB 
BACTERIOLOGICAL  EXAMINATION  OF  WATER, 
n.  LACTOSE-PEPTONE  MEDIA.' 

By  E.  M.  Cbamot  and  C.  M.  Shbrwood. 
Received  June  17.  1915. 

The  most  important  of  all  the  qualitative  methods  for  the  bacteriological 
examination  of  water  are  unquestionably  those  in  which  advantage  is 

» Ann.,  288,  255  (1895). 

*  Read  at  the  Rochester  Meeting,  American  Chemical  Society,  September,  19 13. 
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taken  of  the  fermentative  action  of  the  microdrganisms  upon  carboliy* 
drates.  In  this  class  or  group  of  media  those  in  which  lactose  is  used  in 
combination  with  some  nitrogenous  substance  are  more  often  employed 
than  any  other.  The  diagnostic  featiu'es  upon  which  marked  emphasis 
has  been  laid  are:  The  total  volume  of  gas  produced;  the  rate  of  gas 
formation;  and  the  composition  of  the  gas,  especially  the  volume  prqxv- 
tion  of  CO2  to  gases  not  absorbed  by  alkalies;  this  latter  proportionaUtj 
has  been  termed  the  gas  ratio.  The  total  volumes  of  gas  formed  and  the 
gas  ratios  obtained  by  difiFerent  investigators,  when  working  with  the  same 
bacterial'  species  as  described  in  the  Hteratture,  agree  fairly  well,  yet  the 
variations  are  of  suiBdent  magnitude  to  be  beyond  the  limits  (rf. personal 
error.  A  careful  search  through  the  literature  failed  to  show  any  system- 
atic studies  of  the  effects  of  the  concentration  of  the  different  compo- 
nents upon  the  gases  formed  or  of  their  effects  upon  the  gas  ratios.  It 
appeared,  therefore,  that  some  interesting  facts  might  follow  the  ap- 
plication of  the  methods  described  in  the  first  paper  of  this  series' — ^that 
is  to  say,  a  study,  by  means  of  the  triangular  diagram  as  a  guide,  of  the 
concentration  of  nitrogenous  material,  of  inorganic  salts,  of  acidity,  and 
of  carbohydrates  in  the  media.  It  is  obvious  that  such  media  are  in  reality 
four-component  instead  of  three-component  systems;  but  for  the  purposes 
of  the  investigation  it  was  thought  possible  to  hold  one  component  at  a 
time  constant,  and  vary  the  other  three.  The  method  employed  has  been 
described  at  length  and  in  detail  in  the  first  paper  and  need  not  here  be 
discussed. 

Since  the  most  important  of  the  fermentative  bacteria,  from  the  view- 
point of  the  water  analyst,  are  those  of  the  B,  colt  group  derived  from  the 
feces  of  man  and  animals,  our  studies  were  confined  to  this  group.  In 
the  greater  part  of  the  work  we  employed  an  artificial  **sewage"  thus  pre- 
pared: One  loopful  of  fresh  moist  feces  (approximately  0.02  g.)  was 
thoroughly  shaken  with  100  cc.  of  sterile  water,  filtered  through  sterile 
muslin  into  a  sterile  one-liter  measuring  flask  and  diluted  to  the  mark  with 
water  from  the  University  water  supply  pipes.  This  polluted  water  gave 
at  different  times  from  2000  to  5000  colonies  on  standard  gelatin  at  20* 
at  the  end  of  forty-eight  hours'  incubation;  approximately  200  colonies 
on  agar  at  38°,  of  which  from  20  to  40  colonies  proved  to  be  assignable 
to  the  B.  colt  group. 

.  In  addition  to  this  source  of  fecal  bacteria,  various  polluted  waters  were 
tried,  normal  sewage,  waters  polluted  with  the  feces  of  various  domestic 
animals;  and  in  addition  fermentation  tubes  were  inoculated  with  strains 
of  ptu^  cultures  isolated  from  various  sources. 

Preliminary  to  the  main  investigation  it  was  essential  to  determine 
whether  under  the  conditions  which  would  obtain  in  the  preparation  and 
*  Tms  Journal,  37,  1606  (1915)- 
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sterilization  of  the  culture  media  any  marked  inversion  of  the  lactose 
would  occur.  With  this  end  in  view  a  large  munber  of  determinations 
were  made  upon  culture  media  before  and  after  sterilization,  both  in 
streaming  steam  in  an  Arnold  sterilizer  and  also  under  presstu'e  in  an 
Adnet  autoclave  at  iio^  and  120^  during  periods  of  from  15  to  30  minutes. 
No  change  in  the  lactose  could  be  detected  with  the  low  acidities  em- 
ployed, either  by  a  sensitive  Schmidt  and  Haensch  polarimeter,  or  by  gravi- 
metric determinations  of  lactose  by  the  AUihn  or  by  the  Deferen-O'Sul- 
livan  methods. 

When  the  media  were  prepared  from  lactose,  neutral  inorganic  salt  and 
Witte  peptone  alone,  with  the  reaction  imadjusted.(t.  ^.,  having  a  final 
addity  of  from  i  to  1.2%  due  to  the  peptone),  no  perceptible  change  in 
acidity  was  detected  after  sterilization,  care  of  course  being  taken  to  make 
all  titrations  at  the  same  temperatures,^  but  with  meat  and  liver  broths 
marked  changes  in  acidity  always  resulted  during  sterilization  and  upon 
subsequent  standing. 

In  the  course  of  the  investigation,  diistilled  water,  water  obtained  by 
redistilling  the  laboratory-distilled  water  from  acid  permanganate,  and 
water  from  the  taps  of  the  University  water  supply  were  in  turn  employed. 
Since  the  last  source  gave  us  somewhat  more  sensitive  media  it  was  em- 
pbyed  in  practically  all  the  work  hereinafter  described. 

The  first  series  of  experimental  nms,  using  the  triangular  diagram  as  a 
guide,  were  imdertaken  with  peptone,  lactose  and  potassium  chloride  or 
sodium  chloride  as  variables,  the  acidity  being  maintained  constant  in 
all  the  series  at  a  value  equivalent  to  1%  N  HCl.  The  most  rapid 
and  most  uniform  fermentation  was  obtained  in  those  media  containing 
fr^>ni  3  to  3.5%  peptone,  0.6  to  1%  lactose  and  0.5  to  1.5%  KCl  or  0.5  to 
1%  NaCl,  KCl  being  decidedly  preferable. 

Effect  of  Varlatiomi  in  Initial  Acidity. — It  having  been  ascertained,  as 
stated  below,  that  the  lactose  should  be  present  in  a  medium  in  a  concen- 
tration lying  between  0.6%  and  1%,  it  became  possible  by  adopting  a 
mean  of  0.8%  lactose  in  all  'media,  to  study,  by  means  of  the  triangular 
dis^am,  the  effect  of  the  initial  acidity.  Runs,  therefore,  were  made 
with  concentrations  plotted  dock- wise  upon  the  diagram  as  follows: 
Peptone,  i  to  6%;  acidity,  o  to  2.5%;  potassium  chloride,  o  to  2.5%; 
lactose,  0.8%.  In  all  the  experiments  tried,  numbering  several  hundred, 
the  most  rapid  gas  formation  and  hence  the  first  appearance  of  gas  took 
0ace  in  media  having  an  initial  acidity  of  between  0.5%  and  1.5%,  ex- 
pressed in  cubic  centimeters  of  N  HCl  with  phenolphthalein  as  indi- 
cator.   Other  diagrams  were  now  studied  with  peptone  concentrations 

^  With  the  media  as  prepared  in  our  laboratory  a  3%  peptone  solution  has  a  reac- 
tion  of  approximately  -f  i  %  at  20  ",  -h  i .  i  %  at  37  *,  and  -h  i  .5  %  at  boiling  (approximately 
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varying  from  2  to  4%;  potassium  chloride,  o  to  1%;  acidities,  o  to  10%. 
As  before,  gas  appeared  first  and  reached  its  maximum  most  rapidly  in 
add  media.  Neutral  media  yielded  the  greatest  gas  volumes,^  but  the 
gas  was  slower  in  appearing  and  showed  greater  variations  in  the  final 
gas  volumes  than  was  the  case  of  media  having  an  acid  reaction.  An 
acidity  equivalent  to  1.5%  appeared  to  be  the  upper  limit  of  usefuhiess 
of  media  for  diagnostic  purposes.  With  low  acidities  media  containing 
I  3.  3-5  and  4%  peptone 

I  yielded    gas    volumes 

^  equivalent  to  over  50% 

of  the  closed  arm  of  the 

fermentation  tubes.  The 

effect  of  initial  acidity 

upon  the  total  gas  vd- 

^  ume  of  a  3%  peptone 

^1  ^'^x^  medium  is  shown  graph- 

3(3 /i  ^"'^^  ,  ically  in  Pig.  i,  in  wfaicfa 


^<v 


•I 

01 


Fig.  I. 


«  "^s^  the  average  results  6b- 

*^- •  ''^^^  tained  from  a  very  large 

q  J  ^'^^  number    of    runs    have 

^""x^    1         been    plotted.     Propor- 

I  '^  ' ^'  '  ^ — -^ + ^^* tionally    similar    results^ 

were  obtained  with 
higher  peptone  concen- 
trations. In  all  the  experiments  made  the  addition  of  potassium  chloride 
appeared  to  be  distinctly  beneficial. 

Effect  of  Lactose  Concentrations. — Since  the  reading  of  this  paper  W. 
W.  Browne*  has  pul^lished  the  results  of  his  investigation  upon  acid  forma- 
tion which  has  led  him  to  reach  the  conclusion  that  1%  carbohydrate 
in  a  medium  is  sufficient  for  the  maximum  production  of  add  by  members 
of  the  B.  coli  group.  This  is  in  agreement  with  the  results  obtained  by 
us  on  gas  formation.  Stamm'  has  found  that  from  0.5  to  3%  of  dextrose 
made  little  appreciable  difference  either  in  the  total  gas  formed  or  in  the 
gas  ratio. 

We  tried  systematically  various  media  containing  from  0.1%  to  10% 
lactose.  The  results  obtained  confirmed  those  of  Stamm  with  dextrose. 
Above  0.4%  lactose  up  to  3%  no  appreciable  effects  upon  gas  volimies  or 
upon  rapidity  of  fermentation  could  be  noted.  Under  0.4%  the  gas  vol- 
umes obtained  were  not  uniform  and  the  total  gas  formed  occupied  a 

'  W.  W.  Browne  has  found  similar  results  as  to  total  acidity  produced.  Neutral 
and  slightly  alkaline  media  jdeld  a  greater  final  acidity  than  media,  having  an  initial 
acid  reaction.     See  "Acid  Production  by  B.  coli  Group/'  J.  Infect.  Dis.,  15,  580  (i9i4)> 

'  Browne,  Ihid.,  Loc.  cit. 

*  Stamm,  Centr.  Bakt.  Parasitenk,  42,  590  (1906). 
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less  volume  of  the  closed  arm  than  when  lactose  was  present  in  higher 
•concentrations.  When  3%  was  reached  a  retardation  in  the  rate  of  gas 
fomiatiQn  was  noted  and  above  this  value  the  inhibiting  effect  was  quite 
marked.  For  diagnostic  purposes  in  water  and  sewage  examinations  the 
optimum  conditions  as  to  rapidity,  large  total  volume  of  gas,  and  uni- 
fomiity  of  results,  appeared  to  lie  between  0.6%  and  1%  lactose. 

It  was  thought  desirable  to  ascertain  approximately  the  quantity  of 
lactose  fermented  by  the  mixed  flora  of  sewage  in  the  diagnostic  tubes. 
With  this  end  in  view,  portions  of  lactose-peptone  media  were  precipitated 
by  phosphotungstic  add,  filtered  and  the  carbohydrate  present  in  the 
filtrate  determined  by  both  the  Deferen-O'Sullivan  gravimetric  method 
and  by  means  of  the  polarimeter.  Other  portions  of  the  same  media  were 
placed  in  fermentation  tubes,  inoctdated  with  sewage,  incubated  at  37  to 
38°,  and  as  soon  as  no  further  gas  increase  could  be  detected  the  unchanged 
carbohydrate  was  determined  in  the  media  in  the  same  manner  as  before. 
In  the  case  of  the  inoculated  and  incubated  samples  the  polarimeter  gave 
dightly  lower  values  for  the  lactose  fermented  than  did  the  gravimetric 
method,  doubtless  due  to  the  formation  of  optically  active  compotmds 
formed  in  the  fermentation  of  the  lactose  or  in  the  decomposition  of  the 
peptone.  It  was  found  that  from  25  to  35%  of  the  lactose  in  1%  lactose 
media  was  ail  that  the  bacteria  had  converted  into  gas  and  other  prod- 
ucts. In  other  words,  lactose  media  in  practical  work  must  contain  ap- 
proximately 0.6%  lactose  while  any  greater  concentration  than  1%  is 
useless  and  uneconomical. 

Bif ect  of  Ibe  Presence  of  Inorganic  Salts. — ^The  influence  of  the  presence 
of  NaCl  and  KCl  in  carbohydrate  media  in  stimulating  a  more  rapid  fer- 
mentation by  sewage  organisms  and  assuring  a  greater  uniformity  in  the 
total  gas  volumes  formed  has  already  been  alluded  to  above.  The  methods 
employed  in  the  study  of  the  influence  of  the  different  inorganic  salts 
available  have  also  been  described  in  our  first  paper. 

As  a  result  of  our  experiments  upon  lactose  media  with  a  mixed  sewage 
flora  and  with  pure  cultures  of  members  of  the  B,  colt  group,  it  is  possible 
to  arrange  the  inorganic  salts  tried  into  two  groups: 

I.  Salts  hastening  fermentation  and  usually  conferring  greater  uni< 
formity  of  gas  production. 

KCl  in  concentratioiis  up  to  3.0% 
KtS04  in  concentrations  up  to  3.0% 
NaCl  in  concentrations  up  to  1.5% 
NaflS04  in  concentrations  up  to  2 .0% 
MgS04  in  concentrations  up  to  2 .0% 
CaClt    in  concentrations  up  to  i     % 

II.  Salts  having  little  influence  upon  gas  production  or  acting  as 
inhibiting  agents. 

KNQfc  NaNOg,  NH^NOs,  NH4CI,  (NH4)iS04;  MgCU;  MnClj;  MnS04. 
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In  Group  I  when  the  maximum  concentration  stated  is  approached 
an  inhibiting  effect  is  noticeable  and  if  concentrations  above  these  values 
are  employed  both  the  rate  of  fermentation  and  the  final  gas  volume  are 
reduced. 

Potassitun  chloride  having  }rielded  the  most  satisfactory  results,  special 
runs  were  made  with  lactose  at  0.8%;  acidity,  1%;  peptone,  3,  3.5  and 
4%  and  with  the  KCl,  o  to  4%;  each  concentration  differing  from  the 
next  by  0.25%.  Checks  were  also  made,  using  NaCl.  The  results  may 
be  smnmarized  as  follows:  (i)  The  addition  of  KCl  lessened  the  time 
required  for  the  first  appearance  of  gas  by  from  three  to  ten  hours.  (2) 
The^  total  gas  formed  upon  completion  of  fermentation  was  much  more 
uniform  in  the  different  fermentation  tubes  containing  media  of  like  con- 
centrations when  KCl  was  present  than  where  absent.  (3)  KCl  appeared 
to  be  preferable  to  NaCl  for  rapid  diagnostic  purposes.  (4)  The  best  re- 
sults were  obtained  with  media  containing  from  0.5  to  i  .5%  KCl.  (5)  The 
total  gas  formed  varied  with  the  per  cent,  of  peptone  present  but  a  3% 
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peptone  from  the  viewpoint  of  rapidity  and  accuracy  of  diagnosis  appeared 
to  be  as  satisfactory  as  higher  concentrations.  • 

The  average  results  of  several  hundred  series  of  experiments  using  3% 
peptone  media  and  six  t3rpical  inorganic  salts  are  shown  graphically  in 
Pig.  2.  It  will  be  seen  that  in  all  cases  a  slight  addition  of  an  inorganic 
salt  appears  to  stimulate  fermentation. 

The  addition  of  salts  of  phosphoric  add  to  lactose-peptone  media  gave 
either  no  appreciable  effects  in  very  low  concentrations  or  decidedly 
inhibiting  effects  in  high  concentrations. 

The  following  phosphates  were  tested  in  different  concentrations: 
Na.HP04,  NaHiPOi,  NaKHPO*.  (NH4)2HP04,  NH4HJPO4,  K1HPO4, 
EHsPOi,  MgHP04,  NH4MgP04,  CaHP04.  The  concentrations  of  these 
fdiosphates  which  could  be  added  without  causing  very  voluminous 
precipitates  during  sterilization  were  fotmd  to  be  very  low;  usually  as  little 
as  0.02%  produced  a  muddy  tmsatisfactory  medium.  In  no  case  could 
we  introduce  a  phosphate  in  concentrations  above  1%.  The  salts  KH2- 
PO4,  KjHP04,  MgHP04  and  NH4MgP04  appeared  to  exext  a  slightly 
stimulating  action  upon  gas  production  but  in  all  the  experiments  tried 
the  final  gas  voltunes  lacked  uniformity  save  in  the  case  of  NH4MgP04 
alone.  The  last-named  salt  gave  us  better  results  than  any  other  phosphate 
tried,  but  not  so  good  as  with  media  containing  NaCl  or  KCl. 

It  may,  therefore,  be  safely  concluded  that  the  amount  of  PO4  ions  present 
in  peptone-containing  media  as  ordinarily  prepared  is  sufficient  to  meet 
the  needs  of  a  mixed  sewage  flora.  Even  so-called  C.  P.  lactose  usually 
contains  phosphates;  that  employed  in  this  investigation  was  found  to 
contain  0.01%  PO4.  When  a  natural  water  instead  of  distilled  water  is 
employed  a  still  further  addition  of  PO4  almost  invariably  results. 

Effect  of  Peptone  Concentrations  upon  Qas  Volumes. — ^When  the  con- 
centrations of  inorganic  salts  do  not  exceed  1%  and  the  acidity  is  main- 
tained at  between  1%  and  1.5%,  the  total  gas  volume  formed  is  propor- 
tional to  the  concentration  of  the  peptone,  meat,  liver,  or  beef  extract 
added  until  a  point  is  reached  where  the  viscosity  is  so  great,  or  the  con- 
centration of  certain  materials  present  in  these  substances  is  so  high,  as 
to  seriously  interfere  with  the  development  of  the  mixed  flora  found  in 
sewage. 

In  the  results  averaged  in  the  curves  shown  in  Fig.  3,^  from  some  3000 
experimental  inoculations,  the  lactose  was  kept  constant  at  0.8%,  the 
addity  it  1%,  the  inorganic  salt,  in  this  case  KCl,  at  0.6%.  The  peptone 
was  varied  between  i  and  10%.     Under  these  conditions  there  is  a  very 

^  In  Pig.  3  the  gas  volumes  indicated  by  the  black  dots  are  averages  of  restdts  ob- 
tained with  fmnentation  tubes  of  about  300  cc.  closed  arm  capacity,  used  in  the  study 
<rf  the  composition  of  the  gases  of  fermentation.  The  small  circles  are  the  averages  of 
gas  yobmes  obtained  with  ordinary  fermentation  tubes. 
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rapid  rise  in  the  total  gas  formed  until  a  concentration  of  about  4%  is 
reached,  after  which  the  increase  in  volume  is  slow  and  becomes  approxi- 
mately constant  at  a 
little  over  10%  pep- 
tone. Above  5%, 
however,  the  rate  d 
fermentation  is  ma- 
terially reduced  and 
with  these  high  con- 
centrations the  fer- 
mentative process,  in 
some  cases,  may  not 
be  completed  for  sev- 
eral days.  The  most| 
rapid  evolution 
gas  and  comple 
of  the  femwitati\cfj 
process  was  always 
observed  with  eon- 
centrations  of  be- 
tween 3  and  4% 
peptone. 

In  the  opinion  of 
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the  authors  these  results  are  the  most  interesting  and  important  of 
the  entire  investigation.  For  it  is  obvious  that  a  very  slight  vaiiar 
tion  in  the  proportion  of  peptone  in  low  concentrations  will  result! 
in  a  relatively  great  variation  in  gas  volumes.  Since  peptone  is  very 
hygroscopic  and  since  in  the  preparation  of  culture  media  it  is  the  usualj 
practice  to  exercise  little  care  in  weighing  out  this  component,  it  folic 
that  the  media  made  at  different  times  are  apt  to  vary  considerably  in! 
the  nitrogenous  component.  A  marked  variation  in  the  volume  of  gasj 
formed  will  therefore  result. 

Water  analysts  have  always  believed  that  if  great  care  is  exercised  in 
adjusting  the  acidity,  this  is  sufficient  to  standardize  the  media.  It 
appears,  however,  that  for  diagnostic  ptuposes  it  is  essential  to  use  greater ; 
care  in  the  proportioning  of  other  components  and  that  in  reality  a  slight 
error  in  acidity  between  the  limits  commonly  employed  will  eflfect  the 
results  much  less  than  a  variation  in  the  concentration  of  the  nitrogenous 
components,  a  fact  which  appears  to  have  escaped  attention. 

Nor  does  this  phenomenon  apply  to  peptone  alone  for  we  have  obtained 
similar  increases  in  gas  volumes  with  an  increase  in  the  proportion  of  beef 
flesh  or  beef  liver.  The  results  of  these  runs  are  shown  in  Fig.  4.  In  media 
prepared  with  beef  or  with  beef  or  calves'  liver,  lactose  was  added  in  the 
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proportiQii  of  0.8%,  the  reaction  adjusted  to  + 1  %  and  in  most  of  the  runs 
0.6%  of  KCl  was  added.  When  both  peptone  and  meat  or  liver  were  used 
the  change  in  gas  volume  in  proportion  to  the  concentrations  was  even 
laore  marked  than  in  unpepto* 
nized  media.  Since  it  may  be 
said  to  be  practically  impossible  9Q- 
to  purchase  at  a  butcher  shop 
meat  twice  alike  as  to  composi- 
tion, that  is,  as  to  propCMlion 
of  fiesh,  fat,  connective  tissue, 
moisture,  etc.,  it  follows  that  we 
must  expect  at  different  times  a 
variation  of  at  least  10%  in  the 
final  gas  volumes  unless  we  em- 
Iikiy  higher  concentrations  than 
k  the  rule.  Moreover,  we  will 
show  in  our  next  paper  that  the 
composition  of  the  gases  of  fer- 
mentation vary  with  the  concen- 
tration of  the  nitrogenous  com- 
ponents and  therefore  that  the  "gas  ratio''  obtained  will  depend  upon  the 
diaracter  of  the  medium  employed. 

Media  made  with  commercial  ''extract  of  beef"  alone  ^so  yield  larger 
gas  volumes  in  higher  concentrations.  But  in  our  hands  the  results  have 
been  exceedingly  variable,  and  the  total  gas  volumes  usually  small  and, 
therefore,  of  no  diagnostic  values.  Media  containing  high  concentrations 
fement  very  slowly;  this  is  not  surprising  since  their  phosphate  content 
h  excessively  high,  so  high  in  fact  that  large  amounts  of  NH4MgP04 
invariably  separate  during  the  adjustment  of  the  reaction  and  subsequently 
in  the  fermentation  tubes;  furthermore,  the  acidity  of  this  material  is  so 
Kgh  that  upon  neutralization  to.  a  reaction  equivalent  to  +1%  ai  N 
HCl  a  large  addition  of  inorganic  salt  is  made  to  that  already  present. 
Media  made  from  commercial  extract  of  beef,  therefore,  are  apt  to  contain 
too  h^  a  concentration  of  inorganic  salts  other  than  phosphates  and  too 
low  a  concentration  of  the  sort  of  nitrogenous  matter  necessary  for  the 
growth  of  fermentative  bacteria.  The  fermentative  process  is  therefore 
partially  inhibited  and  the  gas  formed  variable  in  voltune  and  in  com- 
position. 

bfluence  of  the  Size  of  Femientation  Tubes  upon  Gas  Volumes. — 
The  total  volume  of  gas  which  collects  in  the  closed  arm  of  the  f  ermetitation 
tube  is  by  custom  recorded  and  spoken  of  in  terms  of  the  length  of  this 
closed  arm  occupied  by  the  gas.  For  convenience  it  is  commonly  ex- 
pressed in  per  cent.    This  volume  per  cent,  has  been  regarded  as  constant^ 
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within  narrow  limits,  for  a  given  bacterial  species  and  therefore  is  believed 
to  be  of  considerable  diagnostic  value.  We  have  pointed  out  above  that 
the  final  gas  volume  is  proportional  to  the  per  cent,  of  available  nitrogenous 
material  present  in  the  medium.  It  remained  to  ascertain  whether  this 
held  good  for  different  styles  of  fermentation  tubes.  Excessively  long 
(25  cm.)  and  excessively  short  (5  cm.)  tubes  were  employed;  tubes  with 
diameters  ranging  from  4  mm.  to  60  mm. ;  tubes  containing  5  cc.  up  to 
500  cc. ;  but  in  all  cases  we  found  that  the  gas  volumes  expressed  in  per  cent 
of  the  closed  arms  were  substantially  constant  for  a  given  peptone  or  meat 
concentration  and  that  this  per  cent,  appeared  to  be  independent  of  the 
size  of  the  closed  arm  of  the  tube,  when  the  tube  is  of  uniform  diameter. 

Composition  of  the  Gases  Formed* — Since  the  volume  of  the  gas  formed 
increases  up  to  a  certain  maximum  with  an  increase  in  the  concentration 
of  the  peptone,  meat,  liver  or  meat  extract  present,  and  since  the  ratio 
of  gases  absorbed  by  KOH  to  those  unabsorbed  is  employed  in  diagnosis, 
it  became  imperative  to  make  careful  analyses  of  the  gases  formed.  The 
results  obtained  will  be  discussed  in  the  third  paper  of  this  series.  It 
will  there  be  shown  that  the  per  cent,  of  COs  in  the  gas  produced  by  sewage 
bacteria  increases  and  the  hydrogen  decreases  with  the  concentration  of  \ 
the  nitrogenous  material  until  a  certain  concentration  is  reached  when  | 
the  CO2  and  H  no  longer  change.  ! 

Summary. 

1.  In  the  fermentation  of  lactose  by  bacteria  in  water  contaminated  ^ 
by  sewage,  human  feces,  the  feces  of  domestic  animals,  and  pure  strains  of  | 
the  B,  colt  group,  the  total  voliune  of  gas  formed  increases  to  a  final  max-  j 
imum  with  the  concentration  of  the  peptone,  meat,  liver,  or  meat  extract  ' 
employed. 

2.  The  composition  of  the  gas  formed  is  dependent  upon  the  concentra- 
tion of  the  nitrogen-containing  substance  employed. 

3.  The  addition  of  from  0.5  to  1%  of  KCl  to  lactose-peptone  media 
appears  to  stimulate  fermentation  and  assure  more  uniform  results.  | 

4.  Similar  beneficial  effects  are  obtainable  with  NaCl,  but  of  not  so  \ 
marked  a  character. 

5.  Nothing  is  to  be  gained  by  employing  a  lactose  concentration  of  over 

1%. 

6.  Neutral  media  appear  to  yield  slightiy  greater  gas  volimies  than 
media  slightiy  add  to  phenolphthalein;  but  media  having  a  reaction  of 
approximately  +1%  ferment  considerably  more  rapidly  and  yield  diag- 
nostic results  in  several  hours'  shorter  time. 

7.  The  gas  ratios  of  organisms  of  the  B.  coli  group  are  dependent  upon 
the  concentration  of  the  peptone  or  other  similar  nitrogenous  material 
in  the  media. 

8.  The  addition  of  meat  infusion  to  peptone  media  improves  this  media 
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when  low  concentrations  of  peptone  are  employed,  but  yields  media  whose 
reactions  rapidly  change. 

9-  A  very  sensitive  peptone  ctilture  medium  yielding  miiform  results 
and  large  gas  volumes  consists  of  peptone  3  to  4%,  lactose  0.8%,  potassitun 
chloride  0.6%,  reaction  +1%.      Such  media  show  little  change  on  keeping. 

Laboxatokt  ov  Saiotart  CHBIfZSntT. 
COKNSU,  UxivBitsiTy. 
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THE  DISTRIBUTION  OF  ARSENIC  IN  LIVER  TISSUE  IN  CASES 

OF  POISONING. 

[  Bt  Lson  a.  Ryan. 

Received  Jnae  14,  1913. 

This  investigation  was  undertaken  to  ascertain  if  arsenic  administered 
to  an  animal,  either  in  its  food  or  by  subcutaneous  injections,  is  equally 
distributed  in  the  liver  tissue  of  the  animal.  From  the  nature  and  structure 
of  the  liver  it  would  most  nattu^y  be  expected  that  the  arsenic  would  be 
tiniformly  distributed  throughout  this  organ. 

Dog  No.  L — ^A  male  dog,  weighing  18  potmds,in  which  a  permaneut 
biliary  fistula  had  been  established  and  the  common  duct  Ugated  with 
another  object  in  view,  received  subcutaneous  injections  in  the  neck^ 
shoulders,  abdomen  and  legs  of  various  volumes  of  a  solution  of  sodium 
arsenite  equivalent  to  o.ooi  mg.  of  arsenious  oxide  per  cubic  centimeter. 
The  total  amount  of  sodium  arsenite  solution  injected  in  different  parts 
of  the  body  during  seven  successive  days  was  equivalent  to  19 1.5  mg.  of 
arsenious  oxide.     Death  of  the  dog  occurred  on  the  eighth  day. 

Immediately  after  the  death  of  the  dog  an  autopsy  was  made.*  The 
fiver  appeared  of  normal  size  for  a  dog  weighing  18  lbs.  No  abnormal 
edoring  of  the  liver  substance  was  observed.  The  weight  of  the  liver 
immediately  after  removal  was  338.7  g. 

The  liver  tissue  in  the  case  of  each  dog  was  decomposed  by  the  Presenius- 
von  Babo  method. 

Dog  No.  i. 

Moist  wt.      Gram  AaiSi       Bquiv.       Per  cent.  AaiOi 
ftit  of  Uver  analysed.  in  grami.       obtained.         to  AaiOt.     in  moist  tissue. 

Left  lateral  lobe 80.6  0.0018        0.0014  0.0017 

left  central  lobe  .  « 

115.78        0.0023        0.0018  0.0015 


]^^t  central  lobe 

Caudate  lobe 
Itisht  lateral  lobe 


) 
} 


121.39        0.0027        0.00217        0.00178 


Dog  No.  IL — ^A  solution  of  sodium  arsenite  containing  progressively 
ii^zt&sing  quantities  of  the  compound  was  mixed  with  cracker  crumbs 
and,  with  other  food,  fed  to  a  dog  weighing  24  pounds.    The  administra- 
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tion  covered  a  period  of  19  day^  when  the  dog  died.    The  amount  ad- 
ministered aggregated  the  equivalent  of  1.025  g-  AsiOa. 

The  liver  removed  from  the  dog  on  the  nineteenth  day  weighed  350  g. 

Dog  No.  II. 

Moist  wt.     Gram  ASiSt        Bquiv.       Per  cent.  A«Qb 
'Part  of  liver  analyzed.  in  grama.       obtained.         to  AaiOt.     in  moist  tisane. 

Left  lateral  lobe 113.94        0.0022        0.00176        0.00155 

Left  central  lobe 


} 


Right  central  lobe       '  "*'°        "««'        °'^'^^        °°^'^ 

Caudate  lobe  1  «, 

Right  lateral  lobe        /      •• "^'''^        ^'^^        °~'76        0.00134 

Conclusion. 

The  foregoing  results  show  that  the  arsenic  of  soluble  arsenical  oom- 
poimds  administered  either  subcutaneously  or  by  the  mouth  to  dogs 
until  death  occurs  is  uniformly  distributed  throughout  the  tissue  of  the 
liver. 

P]iII,AD8l^HZA,   Pa. 


NOTE. 

Note  on  Goeldner's  Test  for  Cocaine. — In  a  brief  note  published  in  tlie 
Pharmaceutische  Zeitschrift  fur  Russland,  281  489,  and  copied  verbatim 
in  the  Zeitschrift  fur  Analytische  Chemie,  40,  820  (1901),  M.  Goddoer 
describes  a  qualitative  test  for  cocaine  which  is  as  follows:  Mix  about 
o.oi'  g.  of  pure  resordnpl  in  a  small  dish  with  6  or  7  drops  of  pure,  concen- 
trated sulftu-ic  acid.  Add  about  0.02  g.  of  cocaine  hydrochloride  to  this 
solution  which  usually  has  a  faint  yellowish  color.  There  is  a  vigorous 
reaction,  during  which  the  liquid  acquires  a  beautiful  blue  color  like  that 
of  the  com  flower.  The  intensity  of  this  color  gradually  increases.  Sodium 
hydroxide  solution  changes  the  blue  color  to  light  pink. 

On  appl3ring  this  test  with  chemically  pure  materials,  it  was  found  that , 
no  response  as  described  by  M.  Goeldner  could  be  obtained.    This  led  to  | 
an  examination  of  the  conditions  pertaining  to  the  test  with  the  following  ] 
results:    When  the  required  amount  of  chemically  piu"e  resorcinol,  0.01 
g.,  was  mixed  with  6  or  7  drops  of  chemically  pure  concentrated  sulfuric 
acid,  a  faint  yellowish  color  was  obtained  but  when  the  specified  amount 
of  cocaine  hydrochloride  (0.02  g.)  was  added  the  ''beautiful  blue  color 
like  that  of  com  flower"  failed  to  develop.     If,  however,  concentrated 
stdfuric  add  containing  minute  traces  of  nitrates  or  nitrites  was  brought 
in  contact  with  resorcinol  alone,  a  beautiful  blue  color  was  produced. 
The  coloration  obtained  by  M.  Goeldner  was,  therefore,  due  to  a  trace  of 
nitrous  or  nitric  acid  in  the  sulfiuic  acid  employed  and  not  to  the  presence 
of  cocaine.    This  is  in  accord  with  the  observation^  that  if  resorcinol  be 
heated  with  soditmi  nitrite,  it  forms  a  deep  blue  dye,  soluble  in  water  which, 
1  Bet.,  17,  2617  (1884). 
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according  to   a   later  observation,*  is  composed  of  two  dyes — ^resorufin 
and  resaztuin,  derivatives  of  phenoxazine. 

By  further  experimentation  it  was  fotmd  that  i  cc.  of  a  potassium 
nitrate  solution  containing  o.ooooooi  g.  of  nitrogen  as  potassium  nitrate, 
when  carefully  evaporated  to  dryness,  and  the  residue  moistened  with 
chemically  pure  sulfuric  acid,  yielded  a  blue  coloration  when  a  small 
amount  of  solid  resorcinol  was  added.  The  extreme  delicacy  of  this  test 
would,  therefore,  render  it  valuable  to  detect  minute  traces  of  nitrates 
and  nitrites  in  residues  obtained  in  the  cotu-se  of  a  water  analysis. 

Leon  A.  Ryan. 

ROBSST  HiUKV  Chsxecal  Laboratobt, 
UNrvjCBSuTv  oy  Pbnnstlvania. 

PmLADSLHZA,   PA. 
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Hdecolar  Associatioii.  By  W.  £.  S.  Turner.  Pp.  viii  +  170,  with  diagrams. 
(Monographs  on  Inorganic  and  Physical  Chemistry,  edited  by  A.  Findlay.) 
Longmans,  Green  &  Co.,  1915.     Price,  $1.40  net. 

There  appears  to  be  a  fairly  wide-spread  impression  that  molecular 
association  is  a  phenomenon  which  occurs  relatively  intrequently;  but 
this  view  is  erroneous,  for  further  investigation  of  the  matter  always 
extends  the  list  of  associated  substances,  so  that  it  would  seem  that  some 
degree  of  association  is  of  veiy  general  occurrence.  Nor  is  it  generally 
realized  that  the  degree  of  association  is  not  a  fixed  quantity  but  varies 
with  a  number  of  factors,  of  which  the  most  important  are  temperature, 
pressure,  electrical  stress  and  solvent  action;  so  that  it  is  plausible  that  by 
a  suitable  choice  of  conditions  one  could  obtain  any  substance  partly 
associated  just  as  one  may  obtain  almost  any  solid  substance  in  colloidal 
fann.  The  author  brings  together  the  relevant  experimental  evidence — 
which,  it  may  be  remarked,  leaves  much  to  be  desired  as  regards  both 
quality  and  extent — and  exhibits  the  present  status  of  the  question; 
the  discussion  will  bring  before  the  reader  the  present  plentiful  lack  of 
definite  information  on  this  important  topic.  There  is  a  list  of  275  refer- 
ences to  the  text  and  an  appendix,  covering  more  than  forty  closely  printed 
pages,  in  which  the  experimental  data  on  the  molecular  complexity  of 
dissolved  substances  are  tabulated  and  summarized;  these  features  alone 
render  the  book  a  desirable  addition  to  the  library. 

John  Johnston. 

Imffihrusg  m  die  Metallographie  tind  Wftrmebehandlung.    von  Dr.  Inc.  H.  Hanq> 
MANN,    Dozent    filr    MetaDographie    und    Materialkunde    an    der    Kdniglichen 
Tedmischen  Hochschule  zti  Berlin.     Berlin:  Gebruder  Bomtraeger.    19x5.     vii  + 
128  pp.    Price,  8.50  M. 

This  book  is  made  up  of  twelve  lectures  delivered  in  a  summer  course 
*  Ber.,  33,  718  (1890). 
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in  the  Technical  High  School  of  Berlin.  The  subject  matter  deals  with 
the  fundamental  laws  of  crystallization  as  appUed  to  metals,  the  es- 
tablishment and  significance  of  equilibrium  diagrams  of  binary  and  ternary 
alloys,  and  discussion  of  special  cases  of  some  technically  important  binary 
systems  and  especially  of  the  iron-carbon  system.  The  phenomena  of 
hardening,  tempering  and  annealing  of  steels,  while  condensed,  are  logically 
and  clearly  treated,  and  the  reader  should  obtain  a  dear  idea  of  the  physks 
of  heat  treatment,  and  its  relationship  to  changes  in  physical  properties. 
Etching  of  steels  for  macroscopic  and  microscopic  observation  and  the 
interpretation  is  discussed,  and  a  series  of  excellent  microphotographs 
appended  illustrate  the  text.    Special  steels  are  mentioned  briefly. 

For  those  who  wish  to  know  something  of  the  principles  of  the  metallog- 
raphy of  iron  and  steel,  but  do  not  care  for  a  detailed  study,  the  book  is 
excellent.  Hbnry   Pay. 
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In  a  recent  number  of  This  Journal*  there  was  described  a  method 
ior  the  fractional  separation  of  the  rare  earths  by  means  of  the  electrolysis 
of  neutral  solutions  of  their  nitrates.  The  present  article  describes  re- 
salts  that  were  obtained  in  a  further  study  of  that  method. 

Demiis  and  Lemon  electrolyzed  a  solution  of  the  nitrates  of  various 
tare  earths,  using  a  cathode  of  mercury  and  an  anode  of  platinum.  They 
did  not  employ  a  diaphragm,  and  consequently  it  was  possible  that  the 
separation  of  the  rare  earths  they  obtained  might  be  ascribed  to  the 
fractional  precipitation  of  the  hydroxides  of  the  earths  by  the  ammonia 
finned  by  cathodic  reduction  of  the  nitric  acid.  To  ascertain  whether 
the  rare  earths  could  fractionally  be  separated  by  the  electrolysis  of  solu- 
tions of  their  salts  under  such  conditions  as  would  preclude  the  formation 
of  ammonia,  a  solution  of  the  chlorides  of  the  earths  was  subjected  to  elec- 
trolysis. 

L  Electrolysis  of  a  Neutral  Solution  of  the  Chlorides  of  the  Rare 

Earths. 

Haterial. — ^The  material  that  was  employed  for  this  electrolysis  con- 
sisted of  about  1 200  g.  of  the  oxides  of  the  yttrium  group  from  which  the 
and  Lemon,  Tms  Joxhinal,  37»  131  (1915). 


1964   -  h.  M.  DENNIS  AND  P.  A.  VAN  DBM.  MBULBN. 

cerium  had  been  separated  by  chlorination,  and  almost  all  of  the  didymium 
earths  had  been  removed  by  precipitation  with  sodium  sulfate.  The 
purified  material  contained  neither  iron  nor  other  common  dements, 
and  its  solution  showed  no  absorption  bands  of  neod3rmium. 

A  neutral  solution  of  the  chlorides  of  these  earths  was  prepared  by 
slowly  adding  the  oxides  to  warm  dilute  hydrochloric  add  tmtil  the  oxides 
were  in  slight  excess.  The  Uquid  was  then  heated  to  boiling  in  the  pres- 
ence of  the  excess  of  oxides  imtU  a  test  with  Congo-red  paper  showed  that 
all  of  the  acid  had  been  neutralized.  The  undissolved  oxides  were  then 
removed  by  filtration,  and  the  filtrate  was  diluted  with  distilled  water 
until  it  contained  an  amount  oi  the  chlorides  equivalent  to  10%  by  weight 
of  the  solution  in  oxides  of  the  rare  earths. 

Apparatus. — ^The  cell  that  was  used  for  the  dectrolysis  was  a  thick- 
walled  glass  cylinder  with  an  internal  diameter  of  32.5  cm.  and  a  depth 
of  35  cm.  A  layer  of  merciuy  i .  5  cm.  deep  was  placed  in  the  bottom 
of  this  cylinder,  a  glass  cup  filled  with  mercury  was  set  in  the  middle  of 
the  bottom  of  the  cylinder,  and  a  porous  cup  5  cm.  in  diameter  and  12 
cm.  high  was  placed  upon  this  glass  cup  base.  Electrical  connection 
with  the  layer  of  merciuy  was  made  by  fusing  a  short  platintun  rod  through 
the  end  of  a  glass  tube,  filling  the  tube  with  mercury,  and  then  fastening 
this  tube  in  such  position  in  a  clamp  that  the  projecting  end  of  the  plat- 
inum dipped  into  the  mercury  in  the  cylinder.  A  cylindrical  carbon 
rod,  2  cm.  in  diameter  and  30  cm.  long,  inserted  in  the  porous  cup  served 
as  anode.  The  chlorine  gas  that  was  Hberated  at  the  anode  was  carried 
off  to  the  flue  by  fitting  the  top  of  the  porous  cup  with  a  perforated  rubber 
stopper,  and  blowing  a  current  of  air  through  the  cup.  The  neutral 
solution  of  the  chlorides  of  the  rare  earths  was  poured  into  the  cell  upon 
the  layer  of  mercury,  and  this  solution  and  the  mercury  were  vigorously 
stirred  throughout  the  dectrolysis  by  air  that  was  blown  through  three 
.glass  tubes  that  dipped  below  the  surface  of  the  mercury.  Current 
for  the  electrolysis  was  taken  from  a  1 10  volt  direct  circuit  through  a 
lamp  bank.  An  ammeter  was  coimected  in  series  with  a  cell  and  a  volt- 
meter was  connected  across  the  terminals. 

Procedure. — ^Af  ter  the  cell  had  been  charged  in  the  manner  above  de- 
scribed, the  porous  cup  was  placed  upon  its  support  in  the  middle  of  the 
cdl,  and  was  filled  with  dilute  hydrochloric  add  (o.  i  AO  until  the  level 
of  the  add  inside  the  cup  was  slightly  bdow  the  surface  of  the  solution 
in  the  cell.  The  carbon  anode  was  then  set  in  position  within  the  cup, 
connections  with  the  source  of  current  were  made,  the  air  for  stirring 
the  mercury  cathode  was  turned  on,  and  the  electrolysis  was  continued 
until  the  equivalent  of  about  40  g.  of  oxides  of  the  earths  had  been 
precipitated  at  the  cathode  in  the  form  of  hydroxides. 
-   The  character  of  the  hydroxides  obtained  in  this  manner  is  entirdy 
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different  from  that  which  results  from  the  precipitation  of  a  solution  of 
the  earths  with  an  alkali  hydroxide.  The  electrol3rtic  precipitate  is  gran- 
ular,  and  appears  to  possess  a  crystalline  character^  although  a  micro- 
scopic examination  failed  to  show  crystalline  characteristics. 

When  the  desired  amount  of  the  rare  earths  had  been  precipitated, 
the  current  was  turned  off,  the  agitation  of  the  mercury  cathode  by  air 
was  discontinued,  the  precipitated  hydroxides  were  allowed  to  settle, 
and  the  supernatant  liquid  was  siphoned  off.  The  precipitate  and  the 
mercury  at  the  bottom  of  the  cell  were  transferred  to  a  separatory  funnel, 
and  the  mercury  was  drawn  off.  The  hydroxides  were  then  thrown 
npon  a  Buchner  funnel  and  were  thoroughly  washed  with  water.  They 
were  next  warmed  with  dilute  hydrochloric  acid,  which  dissolves  the 
hydroxides  readily,  but  left  most  of  the  finely  divided  mercury  undis- 
solved. The  undissolved  mercury  was  separated  by  filtration,  and  the 
small  amount  of  mercury  that  had  passed  into  solution  was  removed 
by  precipitation  with  hydrogen  sulfide.  The  filtrate  was  freed  from  hydro- 
gen sulfide  by  boiling,  and  the  rare  earths  were  then  precipitated  by  oxalic 
add.  The  oxalates  were  washed  with  hot  water  until  free  from  chlorides, 
and  were  then  dried.  A  small  portion  of  this  precipitate  of  the  oxalates 
was  set  aside  for  the  determination  of  the  average  atomic  weight  of  the 
earths,  and  the  remainder  of  the  oxalates  was  converted  to  the  oxides 
by  heating  in  a  platinum  dish. 

The  supernatant  liquid  that  was  siphoned  off  from  the  hydroxides 
precipitated  during  the  electrolysis,  and  the  wash  water  from  the  washing 
of  these  hydroxides  were  united,  placed  in  the  cell,  and  the  electrolysis 
was  repeated  until  the  second  fractional  precipitate  of  hydroxides  of  the 
earths  was  obtained.  This  precipitate  was  purified  as  before,  and  the 
procedure  was  repeated  until  nearly  twenty  fractions  resulted.  As  the 
end  of  the  fractional  precipitation  was  approached,  the  voltage  across 
the  terminals  of  the  cell  rose  because  of  the  decreasing  concentration  of 
the  electrolyte. 

The  atomic  weight  of  each  fraction  was  determined  by  the  oxalate- 
Qzide  method.  The  absorption  spectrum  of  each  fraction  was  observed 
with  a  KrQss  spectroscope  in  the  manner  described  by  Dennis  and  Ben- 
nett^ The  solution  employed  for  this  purpose  was  prepared  by  dissolv- 
ing 5  g.  of  the  oxide  in  a  sUght  excess  of  hydrochloric  add,  removing 
the  excess  of  add  by  evaporation  and  diluting  the  solution  to  25  cc.  with 
distilled  water.  Whenever  Congo-red  paper  showed  there  was  still  an 
excess  of  add,  the  evaporation  was  repeated  until  the  free  add  was  re- 
moved. 

The  details  of  this  series  of  electrolyses  are  given  in  Table  I.  The 
atomic  weights  of  the  various  fractions  and  the  relative  intensities  of  dis- 
^  Tan  JousMAi,,  34,  7  (1912). 
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tlncdve  absorption  bands  of  the  different  colored  earths  in  the  faactions 
are  plotted  in  Plate  I.    Hie  spacing  of  the  fractions  alon^  the  ans 
abscissas  is  based  upon  the  actual  weights  of  the  several  fracti^ms. 
Tablb  I. — Original  Atomic  Wbight,  106.6. 
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The  results  obtained  in  the  above  fractional  electrolysis  of  a  neutral 
sc^ution  of  the  chlorides  of  the  rare  earths  demonstrate  that  the  earths 
of  the  yttrium  group  can  fractionally  be  separated  under  conditions 
that  preclude  the  formation  of  ammonia  or  other  basic  precipitant.  The 
absorption  spectra  of  the  fractions  show  that  the  colored  earths,  erbium, 
holmium  and  thulium,  are  concentrated  in  the  early  fractions.  Neodym- 
ium,  which  was  present  in  the  original  solution  in  such  slight  amount 
that  its  absorption  bands  were  not  discernible,  was  concentrated  in  the 
later  fractions.  The  low  atomic  weights  of  the  last  four  fractions  show 
that  yttrium  is  precipitated  chiefly  in  the  later  fractions. 

The  voltage  that  was  employed  in  the  electrolysis  of  the  chlorides 
was  undoubtedly  considerably  higher  than  the  decomposition  voltage  of 
the  salts  of  the  various  rare  earths  that  were  present.  The  question 
naturally  arose  as  to  whether  the  decomposition  voltages  of  the  salts  of 
the  rare  earths  might  be  utilized  in  obtaining  a  sharper  separation  of  the 
Merent  earths  than  seemed  to  be  possible  with  higher  voltage.  To 
obtain  information  upon  this  point,  the  following  experiments  were  made. 

n.  Decomposition  Voltages  of  Solutions  of  Salts  of  the  Rare  Earths.^ 
The  solution  of  the  rare  earth  under  examination  was  placed  in  a  small 
U-tube  of  9  cc.  capacity,  and  8  mm.  internal  diameter.  Dipping  into 
the  solution  in  the  two  arms  of  this  tube  were  two  terminals  of  platinum 
wire.  These  were  cleaned  with  care,  and  heated  to  redness  before  each 
determination.  These  terminals  were  connected  through  a  galvanometer 
aod  switch  to  a  slide  wire-resistance,  by  means  of  which  a  gradual  change 
cf  potential  from  zero  to  three  volts  could  be  obtained.  This  potential 
dfference  was  accurately  measured  by  means  of  a  standard  voltmeter 
ttat  was  sensitive  to  0.002  volt.  The  cturent  flowing  through  the  cell 
vas  measured  by  the  deflection  of  a  galvanometer  which  was  observed 
though  a  telescope.  The  resistance  of  the  galvanometer  was  so  small 
tiiat  the  error  caused  by  placing  it  in  series  with  the  cell  was  negligible. 
That  such  was  the  case  is  shown  by  the  fact  that  when  a  potential  dififer- 
«ice  so  slight  that  it  could  not  be  read  on  the  voltmeter  was  established 
between  the  terminals,  with  the  cell  cut  out,  the  deflection  of  the  galvanom- 
eter was  beyond  its  highest  scale  reading. 

The  solutions  of  the  rare  earths  that  were  employed  in  these  measure- 
ttents  were  prepared  by  precipitating  the  hydroxides  of  the  earths 
with  ammonium  hydroxide,  washing  the  precipitate  on  a  Biichner  funnel 
with  hot  water  until  it  was  free  from  ammonium  salts,  and  then  bringing 
the  precipitated  hydroxide  into  contact  with  an  amount  of  the  acid  that 
^»as  just  insufiicient  to  dissolve  all  of  the  precipitate.  The  solution  was 
boiled  for  several  minutes'  with  the  excess  of  the  hydroxide  to  ensure 

^  Mr.  A.  B.  Ray,  who  also  is  carrying  on  investigation  in  this  field,  collaborated 
ia  the  detennination  of  these  decomposition  voltages. 
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complete  aeutr8]izatiOD  of  the  add.  The  ri 
removed  by  filtration.  The  concentratioD  of 
by  analysis,  and  it  was  then  diluted  with  n 
normal  strength. 

In  this  manner  normal  solutions  of  the  niti 
cerium  and  neodymium  and  of  the  chlorii 
were  prepaied. 

The  decomposition  voltage  of  one  of  thej 
by  placing  the  solution  in  a  U-tube,  tnalrin^ 
above  described,  and  then  gradually  raising  tJ 
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the  cell  by  increasiiig  the  external  resistance.  With  each  change  of  poten- 
tial, connection  with  the  gdlvanometer  was  made  by  throwing  in  the 
switch,  and  the  reading  of  the  instrument  was  taken  after  the  initial 
momentary  deflection  had  subsided.  As  the  decomposition  value,  which 
had  to  be  located  approximately  beforehand,  was  approached,  very  small 
iAcfements  in  potential  were  taken,  which  gave  a  large  number  of  points 
in  this  region.  From  the  readings  thus  obtained  curves  were  plotted, 
using  potential  differences  as  abscissas  and  the  galvanometer  deflections 
as  ordinates.  The  point  at  which  the  curve  shows  a  decidtd  break  is 
the  decomposition  value.    Sometimes  the  curve,  after  passing  this  point, 
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showed  peculiar  behavior  in  that  it  did  not  rise  in  a  straight  line.  Tliis 
was  probably  due  to  slight  electrolytic  decomposition  and  deposition 
at  one  or  the  other  of  the  terminals.  In  every  case,  however,  the  break 
came  at  the  same  point. 

The  results  that  were  obtained  in  the  measurement  of  the  decomposi- 
tion voltages  of  neutral  solutions  of  the  nitrates  of  thorimn,  neodymiuin, 
lanthanum  and  cerium,  using  terminals  of  platinum,  which  are  plotted 
in  Plate  II,  were  as  follows: 

Tabls  II. 

Voltfl.  Volts. 

Thorium  nitrate i .  87        Lanthanum  nitrate 2 .05 

Neodymium  nitrate 2 .03        Cerous  nitrate 2 .  18 

The  decomposition  voltages  of  neutral  solutions  of  the  chlorides  of 

thorium  and  cerium  with  terminals  of  platinum  are  shown  in   Plate  III. 

and  were: 

Tables  III. 

Volt«. 
Thorium  chloride i .  94 

Cerous  chloride 2 .36 

It  was  further  thought  desirable  to  ascertain  the  decomposition  values 
of  some  of  these  salts  under  conditions  that  simulated  as  closely  as  possi- 
ble those  pertaining  in  the  fractional  electrolysis  with  an  agitated  mer- 
cury cathode. 

The  container  that  was  here  employed  consisted  of  a  glass  tube  with 
a  platinum  wire  sealed  through  the  closed  lower  end  and  a  side  arm  sealed 
to  the  tube  a  short  distance  above  the  lower  end  and  bent  upward.  Mer- 
cury was  poured  into  the  larger  tube  until  the  level  of  the  metal  reached 
nearly  to  the  opening  of  the  side  tube,  and  the  main  tube  and  side  arm 
were  then  filled  nearly  to  the  top  with  the  solution  under  examination. 
The  mercury  was  kept  in  agitation  by  bubbling  air  through  it,  the  air 
being  passed  in  through  a  small  tube  inserted  from  above.  A  platinum 
wire  extending  down  a  short  distance  into  the  solution  in  the  side  arm 
served  as  anode.  The  results  that  were  obtained  with  this  apparatus 
are  plotted  in  Plate  IV,  and  were  as  follows: 

Table  IV. 

VolU. 

Thorium  nitrate i  .06 

Cerous  nitrate i .  10 

Neodymium  nitrate i .  24 

These  measurements  show  that  the  decomposition  voltages  of  solu- 
tions of  such  salts  of  the  rare  earths  as  were  here  employed  lie  quite  dose 
together,  and  usually  increase  with  the  increase  of  the  basicity  of  the 
earth.  The  decomposition  voltages  of  the  nitrates  of  thorium,  neodym- 
ium and  cerium,  when  a  mercury  cathode  and  platinum  anode  are  em- 
ployed, are  considerably  lower  than  the  values  obtained  between  platinum 
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tetminfiJs,  but  tiie  diiTerences  are  no  more  pronounced.  From  these  re- 
sults it  is  apparent  that  a  sharp  separation  of  the  difTerent  earths  one 
from  another  cannot  easily  be  effected  by  adjustment  of  the  voltage. 
30 
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Moreover,  the  precipitation  of  the  hydroxides. of  the  earths  at  these  low 
TOltages  is  so  slow  as  to,  of  itself,  preclude  the  utilization  of  these  decom- 
Pstioa  values  in  the  rapid  fractionation  of  comparatively  large  amounts 
« the  rare  earths.     For  these  reasons  recourse  was  again  had  to  the  frac- 
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tional  electrolysis  of  solutions  at  voltages  considerably  above  the  decom- 
position values.  Preliminary  experiments  having  shown  that  no  amninnift 
is  formed  when  a  solution  of  the  nitrates  of  the  earths  is  electrolyzedwith 
a  merctuy  cathode,  and  with  a  platinum  anode  that  is  placed  in  a  porous 
cup,  this  modification  of  the  procedure  was  next  subjected  to  examination, 

in.   Electrolysis  of  a  Neutral  Solution  of  the  Nitrates  of  the  San 

Earths,  Using  a  Diaphragm. 

The  oxides  of  the  rare  earths  that  were  obtained  in  the  twenty  frac- 
tions of  the  electrolysis  of  the  chlorides  were  united  and  were  boiled 
with  an  amount  of  nitric  add  that  was  not  quite  sufficient  to  dissolve  them 
completely.    The  excess  of  oxides  was  removed  by  filtration  and  the 
neutral  nitrate  solution,  which  contained  about  700  g.  of  the  oxides,  was 
diluted  to  10  liters.    This  volume  of  the  solution  was  maintained  through- 
out the  electrolysis.    A  sheet  of  platinum  5  cm.  square  was  used  as  anode. 
In  other  respects  the  cell  was  exactly  the  same  as  that  used  in  the  dec- 
trolysis  of  the  chlorides.    The  nitric  acid  that  accumulated  in  the  anode  | 
cup  was  removed  by  allowing  distilled  water  to  drop  into  the  cup  from  1 
a  separatory  funnel,  and  keeping  the  height  of  Uquid  in  the  cup  constant 
by  means  of  a  siphon.    A  current  of  5  amperes  was  used.    The  voltage  ^ 
varied  from  7.5  to  18.    The  conduct  of  the  electrolysis,  the  treatment  " 
of  the  fractions  and  the  determination  of  the  atomic  weights  of  the  frac-  ' 
tions  were  performed  in  exactly  the  same  manner  as  in  the  fractionation 
of  the  chlorides. 

The  fractional  electrolysis  of  this  solution  of  the  nitrates,  using  a  dia 
phragm,  was  found  to  precipitate  the  hydroxides  of  the  earths  about  four 
times  as  rapidly  as  in  the  chloride  electrolysis.  It  was  possible  that  the 
hydrogen  set  free  at  the  cathode  might  reduce  some  of  the  nitric  add 
to  ammonia,  as  was  found  to  be  the  case  when  no  diaphragm  was  em- 
ployed. Careful  qualitative  tests  of  the  solution  after  the  ninth  frac- 
tion had  been  removed  failed,  however,  to  show  the  presence  of  a  trace 
of  ammonia.  The  results  of  this  fractional  electrolysis  of  the  nitrates 
are  shown  in  Plate  V  and  Table  V. 

Tabls  V. — ORiomAi,  Atomic  Wright,  106.6. 


Fraction 

Atomic 

Weight 

Ampere 

No. 

wdghta. 

ooddes  (f.). 

Vdta. 

I10UI8. 

RemarkB. 

I 

123.84 

67 

7.45 

83.68 

Color  of  oxalates  was  pink 

2 

120.85 

75 

6.90 

83.9 

in  first  fraction,  becom- 

3 

114. 14 

80 

7.33 

107.9 

ing    gradually    lifter; 

4 

108.08 

85 

7.25 

100.7 

last  three  fractions  were 

5 

104.75 

77 

7.37 

88.43 

pure  white. 

6 

101.65 

92 

8.00 

99.9 

7 

94.95 

72 

10.00 

IOI.7 

Contained  no  cerium. 

8 

98.94 

60 

12.75 

75.68 

Contained  cerium. 

9 

91.63 

40 

18.00 

62.27 

Very  slight  trace  of  cenum. 

10 

94.43 

16 

Precipitated  by  ox- 

alic add 
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4         '5  © 

Number  of  Fraction 

Plate  V. 

It  win  be  noted  that  in  this  series  of  electrolyses  the  colored  earths  erbium, 
bdmium,  and  thulium  were  present  in  preponderating  amount  in  the 
first  four  fractions,   and  were  probably  accompanied  by  considerable 
amounts  of  yttrium,  as  is  indicated  by  the  relatively  low  average  atomic 
weight  of  the  earths  in  these  fractions.     The  last  fractions,  however, 
consist  chiefly  of  yttritun,  mixed  with  small  amounts  of  cerium  and  neo- 
dymium  that  also  were  concentrated  at  this  point.     The  method  yields, 
therefore,  in  the  firsf  fractions  a  rapid  concentration  of  erbium  that  is 
neariy  entirely  free  from  the  didymium  group;  and,  in  the  later  fractions, 
yttrium  that  is  quite  free  from  the  colored  earths  of  the  erbium  group, 
but  is  accompanied  by  any  of  the  did3rmitmi  group  that  may  have  been 
present  in  the  original  solution.     It  is  interesting  to  note  that  the  later 
^factions  contained  detectable  amounts  of  cerium,  although  qualitative 
tests  (rf  the  original  solution  failed  there  to  disclose  the  presence  of  this 
element    To  obtain  further  indication  as  to  the  efficiency  of  the  method 
in  the  separation  of  the  earths  of  the  erbium  and  yttrium  groups,  the  first 
four  fractions  given  in  Table  V  were  combined,  and  were  converted  into 
a  neutral  solution  of  the  nitrates.    The  weight  of  the  oxides  in  the  solu- 
tion was  about  220  g.,  the  volume  of  the  solution  was  2300  cc,  and  the 
averagie  atomic  wei|[ht  of  th^  ^^rths  w^  116.^4.    A  cell  measuring  21 
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cm.  in  diameter  and  20  cm.  in  height  was  used  for  the  electrol3rsis.  In 
other  respects  the  same  apparatus  was  employed  as  before.  Six  frac- 
tions were  obtained  by  electrolytic  precipitation.  The  liquid  remaining 
after  the  last  fraction  had  been  removed  possessed  high  resistance  and 
gave  no  precipitate  with  oxalic  add.  The  results  of  this  fractional  elec- 
trolysis are  shown  in  Plate  VI  and  Table  VI.  These  results  again  demon- 
strate the  eflRdency  of  the  method  in  speedily  concentrating  erbium  and 
yttrium  at  opposite  ends  of  the  electrolytic  fractionation,  and  in  the  con- 
centration of  the  erbium  earths  practically  free  from  the  did3rmimn  group. 

Table  VI. — O^cmAL  Atomic  Wbight,  116.54. 


Tnction 
No. 

I 

Atomic 
weights. 

137.2 

Weight 
oxides  (g.). 

30 

Volta. 
6.7 

Ampere- 
hours. 

37 

Remarks. 

Oxalates  of  first  three  fnu> 

2 

3 

4 

129.04 
119.76 
III. 61 

48 

45 
38 

6.2 

6.0 
6.9 

45 
45 
47 

tions.  were  a  deep  pink, 
fadmg  gradually. 
Fraction  6  was  nearly  white. 
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99.58 

35 

II. 0 

42 
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95.08 

15 

29.0 
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Plate  VI. 
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The  dghtli  fraction.  Table  V,  Plate  V,  showed  a  ^dden  rise  in  atomic 
weight,  which  was  probably  due  to  the  concentration  of  neodytnium  in 
tbe  later  fractions  of  that  run.  With  a  view  to  ascertaining  whether  the 
method  of  fractional  electrolysis  might  profitably  be  utilized  in  separa- 
ting neodytnium  (and  its  group  elements)  from  the  erbium  group,  even 
idien  the  amount  of  material  is  comparatively  small,  the  oxides  consti- 
tuting tbe  eighth  fraction  were  converted  to  a  neutral  nitrate  solution 
that  contained  about  45  g.  of  rare  earth  oxides  in  600  cc.  of  solution  and 
tiai  was  fractionally  electrolyzed  in  the  same  manner  as  before.  Six 
fractions  were  obtained.  The  results  given  in  Table  VII  and  Plate  VII 
again  demonstrate  the  ease  and  rapidity  of  the  separation  of  neodymium 
from  yttrium  and  erbium. 

Table  VII. — Oricinai.  Atomic  Wsigbt,  98.94. 

flKtioa  Atomic  Wdgbt  AmpcR- 

No.  wdcht.         oxidea  ((.).  VolU.  houn.  Remarki. 

The  oxalates  were  pink, 
fading  rather  rapidly. 
Tbe  oxides  were  light 
yellowish  brown,  and 
about  the  same  color. 

Very  dark  brown  oxide. 
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The  separation  of  the  rare  earths  by  the  fractional  precipitation  of  their 
hydroxides  upon  electrolysis  of  solutions  of  ^  their  salts  at  voltages  consid- 
erably higher  than  the  decomposition  values  of  the  salts  is  probably  due 
to  the  action  of  the  hydroxyl  ions,  concentrated  near  the  cathode,  upon 
earths  of  different  basicities.  The  hydroxide  of  the  weakest  base  will 
first  tend  to  form,  and  if  the  deposition  of  this  insoluble  hydroxide  upon 
the  surface  of  the  cathode  be  prevented,  and  if  the  electrolyte  be  rapidly 
stirred  throughout  the  electrolysis,  a  progressive  precipitation  of  the 
hydroxides  of  the  earths,  in  the  order  of  their  basicities,  will  result. 

Summaiy. 

1.  The  decomposition  voltages  of  several  neutral,  normal  solutions 
of  salts  of  the  rare  earths  were  determined.  The  values  were  found  to 
lie  dose  together  and  to  be  in  the  neighborhood  of  two  volts. 

2.  Fractional  electrolysis  of  a  solution  of  the  chlorides  of  the  yttrium 
earths  3rielded  rapid  concentration  of  the  colored  earths  in  the  earlier 
fractions,  and  of  3rttrium  in  the  later  fractions.  A  small  amotmt  of  neo- 
dymium  that  was  present  appeared  in  the  last  fractions. 

3.  Fractional  electrolysis,  with  a  diaphragm,  of  a  solution  of  the  ni- 
trates of  these  earths  showed  concentration  of  the  earths  similar  to  that 
obtained  in  the  electrolysis  of  the  chlorides.  The  rate  of  precipitation 
of  the  hydroxides  of  the  rare  earths  from  the  nitrate  solution  was,  how- 
ever, f otu:  times  as  rapid  as  from  the  chloride  solutions.  No  ammonium 
salts  were  present  in  the  electrolyte  at  the  dose  of  the  run. 

4.  Fractional  dectrolysis  of  a  solutiop  high  in  erbium,  holmium,  thulium 
and  3rttritun  gave,  in  a  series  of  six  fractions,  no  appredable  separation 
of  the  first  three  earths  one  from  another,  but  rapidly  separated  the 
three  from  yttrium. 

5.  In  the  fractional  dectrolysis  of  solutions  of  certain  salts  of  the  rare 
earths,  the  hydroxides  of  the  earths  are  predpitated,  under  the  conditions 
here  described,  in  the  order  of  the  basidties  of  the  earths.  Rapid  concen- 
tration of  certain  groups  of  earths  is  attained  in  short  series  of  fractions. 

The  method  is  being  further  studied  in  this  laboraitory. 

ITBACA,  N.  Y. 


[Contribution  from  thb  Chemical  Laboratory  of  thb  Univbrsity  of  California.] 

THE  EQUILIBRIUM  BETWEEN  CARBON  OXTSULFIDE,  CARBON 

MONOXIDE  AND  SULFUR. 

By  GiLBBRT  N.  Lswxs  and  William  N.  Lacst. 
Received  May  31.  1915. 

The  reduction  of  stilfur  dioxide  to  sulfur  by  carbon  monoxide  is  a  re- 
action of  great  technical,  as  well  as  scientific,  importance.  From  the 
free  energy  of  this  reaction  the  free  energy  of  formation  of  sulfur  dioxide 
could  be  obtained  immediately.    Any  attempt,  however,  to  deterinin^ 
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the  ccmditions  of  equilibrium  in  this  reaction  is  complicated  by  the  forma- 
tion of  carbon  oxysulfide,  whenever  carbon  monoxide  and  sulfur  are 
heated  together.  Before  attacking  the  former  problem  it  is  therefore 
necessary  to  determine  the  free  energy  of  the  latter  reaction. 

The  reaction  between  carbon  monoxide  and  sulfur  to  give  carbon 
ox3rsulfide  was  shown  by  v.  Than^  to  occur  at  a  temperature  correspond- 
ing to  dull  red  heat.  I^ater,  Witzek'  found  evidence 
of  a  dissociation  of  the  oxysulfide  at  as  low  a  tem- 
perature as  300**  C.  This  work  seemed  to  indicate 
that  the  equiUbrium  CO  -f  S  =  COS  might  be  at- 
itained  within  a  reasonable  time  at  moderately  low 
temperattuies. 

Sulfur  and  carbon  monoxide  were  heated  together 
D  a  glass  bomb  of  special  desigi;!,  shown  in  the  ac- 
Dompanying  figure.  The  special  apparatus,  D  E  F  G  H, 
kaving  been  sealed  to  the  large  tube  A,  the 
mlfur  was  placed  in  the  latter  before  drawing  down 
at  C  and  joining  to  the  tube  B.  The  tube  B  was 
then  attached  to  the  vacuum  pump  and  to  the  CO 
reservoir.  After  exhaustion,  the  bomb  was  filled 
with  CO  at  a  pressure  a  little  below  one  atmosphere, 
the  pressiu'e  and  temperature  were  determined,  and 
the  tube  B  was  drawn  off  at  C.  The  bomb  was 
then  heated  at  the  desired  temperature  long  enough 
to  insure  the  establishment  of  equilibrium  and  then 
cooled  rapidly  in  a  current  of  air.  The  end  of  the 
tube  D  was  then  cut  oiGF  and  it  was  joined  to  the 
vacuum  pump  and  to  the  apparatus  in  which  the  gas 
was  to  be  analyzed.  After  exhausting  the  chamber 
E,  the  platinum  wire  G  and  lead  glass  enamel  F 
were  heated  to  the  softening  point  of  the  enamel. 
ITie  wire  G  was  then  drawn  out  sufficiently  to  break 
the  inner  tube  H  where  a  file  mark  had  previously 
been  made.  By  this  means  the  contents  of  the 
tube  A  could  be  brought  directly  into  the  analyzing 
apparatus  without  any  contamination  with  air  or 
robber.  This  apparatus  will  doubtless  prove  con- 
venient in  many  ojther  experiments  of  a  similar  character. 

After  the  gas  had  been  removed  from  A   to  the  analyzing  apparatus 

by  a  mercury  pump,  the  volume  of  A  was  determined.     It  was  usually 

about  100  cc. 

*  v.  Than,  Ueb.  Ann.  Supfd.,  5,  236  (1867). 

*'Wnt2ek,  /.  Gasbdeuchtung,  46,  21  (1903);  Abegg,  Handbuck  der  anorgan.  C^emie, 

Wi,  p.  207. 
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The  sulftir  used  was  prepared  from  KaUbaum's  crystallized  product  by 
boiling  it  in  vacuo  to  remove  traces  of  CS2.  Enough  sulfur  was  taken 
to  provide  an  excess  of  liquid  sulfur  at  the  temperattu^  of  the  reactioa 
The  carbon  monoxide  was  prepared  from  oxalic  add  and  concentrated 
stdfuric  acid.  The  carbon  dioxide  and  water  were  carefully  removed 
with  suitable  absorption  bulbs  and  the  CO  was  drawn  into  a  large  glass 
container  from  which  it  could  be  transferred  to  the  reaction  bomb.  AB 
connections  were  of  glass  and  the  apparatus  and  generator  were  completely 
freed  from  air  at  the  outset. 

The  reaction  was  carried  on  in  a  vapor  bath  of  boiling  diphenylamioe 
at  302  ^.  This  substance  carbonizes  gradually,  but  this-  was  found  to 
have  little,  if  any,  effect  upon  the  temperature  of  the  vapor. 

In  the  first  experiments  (Bxpts.  2  and  5  referred  to  below)  the  gas  from 
the  reaction  bomb  was  pumped  directly  into  a  bulb  containing  concen- 
trated alkali  and  allowed  to  stand  for  a  sufficient  time  to  absorb  all  the 
COS.^    The  absorption  takes  place  according  to  the  reaction 

COS  +  4OH-  =  S~  +  COa—  +  2H2O. 

Into  this  absorption  bulb  an  excess  of  hydrochloric  acid  and  a  known  vol- 
ume of  a  standard  solution  of  iodine  were  allowed  to  enter.  This  was 
done  in  such  a  way  that  any  H2S  set  free  by  the  add  would  remain  in 
the  bulb  and  be  later  oxidized  by  the  iodine.  The  whole  solution  was 
then  withdrawn  from  the  bulb  and  the  excess  iodine  titrated  against 
standard  thiosulfate  solution. 

It  was  planned  to  determine  the  amount  of  CO  in  the  gas  left  unab- 
sorbed,  by  the  ordinary  methods  of  gas  analysis,  but  the  first  experiments 
showed  the  amount  of  CO,  remaining  uncombined  with  sulfur,  to  be  less 
than  1%  of  the  initial  CO.  In  order,  therefore,  to  provide  for  a  satis- 
factory determination  of  this  gas  it  was  necessary  to  adopt  a  different 
procedure.  Therefore  in  the  later  experiments  (Nos.  19,  20  and  22) 
the  gas  from  the  reaction  bomb  was  drawn  into  a  bulb  immersed  in  liquid 
air  and  after  a  few  minutes  the  uncondensed  gas  was  drawn  off.  To 
avoid  retention  of  CO  in  the  solidified  gases  these  were  vaporized  and 
once  more  solidified  in  liquid  air.  The  total  tmcondensed  gas  was  pumped 
into  a  separate  reservoir  over  mercury  and  the  gases  which  had  been  solidi- 
fied were  analyzed  for  COS  as  before.  Owing  to  the  fact  that  COS,  as 
well  as  other  substances  like  CS2  and  CO3,  which  might  have  been  ex- 
pected to  form  diuing  the  reaction,  exert  very  little  vapor  pressure  at  the 
temperature  of  liquid  air,  it  was  supposed  that  the  total  volume  of  un- 
condensed gas  would  represent  the  amount  of  CO  left  in  the  reaction. 
In  order,  however,  to  make  a  spedfic  analysis  for  CO,  after  trying  several 
unsuccessful  methods,  a  method  was  adopted  which  has  frequently  been 

^  At  ordinary  temperatures  any  CSt  which  might  have  b^^  form^  i|i  the  iTtP* 
tjon  woujd  not  react  appreciably  with  the  ajkali, 
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used  for  the  detennmation  of  small  amounts  of  CO  in  air.  The  residual 
gas  was  mixed  with  a  large  volume  of  air  and  slowly  drawn  through  a 
spiral  containing  iodine  pentoxide  at  150^  and  then  into  absorption 
bulbs  containing  KI  dissolved  in  pure  water.    The  reaction  is 

IiO,  +  5CO  =  la  +  5CO2, 

and  experiments  made  with  known  quantities  of  pure  CO  gave  excellent 
dieck  analyses. 

When,  however,  this  method  was  applied  to  the  uncondensed  gas 
from  the  reaction  bomb,  a  very  mysterious  effect  was  observed.  The 
hrown  color  of  iodine  appeared  at  first  in  the  absorption  bulbs  but  later 
t  disappeared  and  the  spaces  above  the  liquid  were  filled  with  white  fumes. 
At  first  this  phenomenon  was  attributed  to  COS  and  in  later  esperiments 
greater  pains  were  taken  to  instu-e  the  efficiency  of  the  liquid  air  condensa- 
tion, but  the  same  phenomenon  persisted.  It  evidently  was  due  to  some 
gBs  which  could  be  formed  from  carbon,  oxygen  and  sulfur  and  possessing 
an  appreciable  vapor  pressure  at  the  temperature  of  liquid  air.  We  were 
thus  led  to  suspect  the  presence  of  a  monosulfide  of  carbon,  CS,  which  pre- 
sumably would  have  a  boiling  point  not  much  higher  than  that  of  CO. 
This  suspicion  was  confirmed  when  we  found  that  Baudrimont^  had 
actually  prepared  this  gas  by  heating  CSs  and  CO  together.  In  our  ex- 
periments there  was  evidence  that  an  appreciable  amount  of  CSa  was 
formed,  presumably  from  the  reaction  2COS  =  CO2  +  CSj.  It  seemed, 
therefore,  highly  probable  that  the  gas  CS  was  responsible  for  the  diffi- 
culties in  the  analysis  and  steps  were  therefore  taken  to  remove  it  from 
flic  CO. 

From  the  mixture  of  CS  and  CO,  the  former  gas  should  be  removed 
I7  a  hot  metal  like  copper.  The  mixture  was,  therefore,  pumped  into 
t  fjass  tube,  in  the  center  of  which  a  platinum  wire  was  stretched,  by 
Mans  of  a  platinum  spring,  between  platinum  hooks  sealed  through  the 
tube.  Before  use  the  platintun  wire  was  plated  electrolytically  with  cop- 
per and  after  the  introduction  of  the  gas  an  electric  current  was  sent  through 
tins  copper  plated  wire,  heating  it  to  dull  redness.  The  copper  appeared 
to  react  rapidly  with  the  gas,  becoming  covered  with  a  black  coating 
of  sulfide.  After  this  treatment  the  gas  was  mixed  with  air  and  the 
■Kilysis  for  CO  continued  as  before.  This  procediu-e  completely  elimina- 
te the  bleaching  of  the  iodine  and  the  formation  of  the  white  fumes. 

Owing  to  the  very  considerable  experimental  difficulties  of  manipula- 
tion and  analysis,  only  a  few  of  the  numerous  experiments  which  were 
>>ade  led  to  final  results  of  value.  In  fact,  there  was  no  single  tube  which 
*te  successfully  analyzed  for  both  COS  and  for  CO,  but  owing  to  the 
complete  similarity  of  the  various  experiments  this  fact  need  not  diminish 
our  confidence  in  the  results  which  were  ultimately  obtained.  It  may 
1  Bandnmont.  Compt,  rend.,  44,  1000  (1857). 
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be  added  that  a  number  of  the  experiments  which  are  not  included  in  our 
final  summary  furnish  satisfactory  checks  of  the  results  here  given. 

Table  I  summarizes  the  results  of  the  five  experiments  upon  which 
we  may  place  complete  reliance. 

Table  I  (302**). 

No.  of  expt . . . .  2  5  19  20  22  Aver. 

Time  in  hours..         189  72  120  120  100 

MdsCO  (ini> 
tial) 0.005944    0.004375    0.004829    0.005279    0.004943 

Mols    CO  per 
mol  CO  (ini-    . 
tial) 0.00419      0.00407  0.0Q413 

Mols  COS  per 
mol  CO  (ini- 
tial)      0.8181        0.8525  0.8x85        0.8297 

The  equilibrium  constant  K  =  [COS] /[CO]  can  be  obtained  from 
this  table  with  an  error  apparently  not  exceeding  a  few  per  cent.  Using 
the  average  values  given  above,  K  =  0.830/0.00413  =  201.  Writing 
Sxn  to  represent  liquid  sulftu*  in  its  equilibrium  condition,  we  may  write 
for  the  reaction 

Sx^  +  CO(g)  =  COS(g),  AF675  =  — R'T  In  K  =  —6070  calories     (i) 

In  order  to  obtain  a  similar  equation  involving  sulfur  in  its  standard 
state  (rhombic),  we  may  use  the  values  of  Lewis  and  Randall.^  Ac- 
cording to  their  Table  I  we  may  write  for  Sx  =  Sx^;  AF575  =  — ^44.5- 
And,  from  their  Equation  9,  Sr  =  S^;  AF676  =  — 294.  Adding  these 
equations, 

Sr  +  CO(g)  =  COS(g);  AF676  =  -^410.  (2) 

Unfortunately  it  is  not  possible,  in  the  customary  way,  to  calculate 
from  this  figure  the  value  of  AP  at  another  temperature,  owing  to  the  very 
conflicting  values  of  the  heat  of  this  reaction  given  by  Thomsen  and  Berthe- 
lot.  According  to  the  former,  the  heat  evolved  in  this  reaction  is  8030 
cal.,  while  according  to  the  latter  it  is  — 6200  cal.,  a  difference  of  over 
14,000  cal.  Both  of  these  values  are  for  rhombic  sulfur  at  room  tem- 
perature. For  liquid  sulfur  at  the  temperature  of  om*  experiments  these 
figures  should  be  about  2000  cal.  greater,  according  to  the  data  given 
by  Lewis  and  Randall,  that  is,  approximately  +  loooo  and  — ^4000.  We 
should  expect  the  ratios  of  COS  to  CO  to  diminish  with  increasing  tem- 
perature according  to  Thomsen,  and  to  increase  with  increasing  tempera- 
ture according  to  Berthelot. 

It  seemed  desirable,  therefore,  to  attempt  a  determination  of  this 
equihbrium  at  some  other  temperature.  A  higher  temperature  seemed 
put  of  the  question,  since  such  evidence  as  we  possessed  regarding  the 
*  Tpis  JoxraiNAL,  36,  2468  (1914)? 
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speed  of  the  reaction  indicated  that  at  a  temperature  much  higher  than 
500^  it  would  be  impossible  to  cool  the  reacting  mixtttfe  with  sufficient 
rapidity  to  prevent  a  shift  of  equilibrium.  Experiments  were  therefore 
made  at  260^  with  the  same  kind  of  apparatus  in  a  thermostat  of  fused 
nitrates,  the  construction  of  which  has  been  described  by  Lewis.  ^  Un- 
fortusately,  owing  to  difficulties  in  the  central  power  system,  the  thermo- 
stat was  not  entirely  satisfactory  and  the  experiments  about  to  be  de- 
scribed must  be  regarded  as  preliminary  in  character. 

Table  II  shows  the  results  of  five  experiments.  The  first  three  tubes 
were  ia  the  thermostat  from  21  to  23  days,  but  in  all  three  cases  the  tem- 
perature fluctuated  very  greatly  at  the  beginning,  and  before  the  tubes 
were  removed,  constant  temperature  was  maintained  for  only  seven  days 
in  the  first  case,  eight  days  in  the  second  and  five  days  in  the  third.  But 
a  hter  experiment  showed  that  these  intervals  could  hardly  suffice  for  a 
complete  establishment  of  equilibrium.  With  the  possible  exception, 
therefore,  of  the  second  experiment  these  three  may  be  disregarded.  The 
fifth  experiment  was  in  every  way  satisfactory  and  constant  temperature 
was  maintained  for  seventeen  days.  In  the  fourth  constant  tem- 
perature was  maintained  but  the  tube  was  left  in  the  thermostat  only 
five  days.  The  large  amount  of  CO  left  in  this  case  shows  conclusively 
that  this  length  of  time  is  insufficient  for  the  establishment  of  equilib- 
Timn. 

Tabls  II  (260*). 

No.  of  experiment i  2  '3.  4  5 

Time  in  days 22(7)  23(8)  21(5")  5  17 

Mots  CO  (initial) 0.00534  0.00550  0.00508  0.00842  0.00789 

•Mob  CO  per  mol  CO  (initial)...  0.00118  0.00168  0.00097  0.0216  0.00171 

Mois  COS  per  mol  CO  (initial)..  0.8015  0.6990  0.7725  0.7402 

It  is  evident  that  with  diminishing  temperature  the  equilibrium  is 
shifted  in  favor  of  CO.  In  the  fifth  experiment  there  can  be  little  doubt 
that  equilibritun  was  reached,  and  except  that,  for  reasons  which  will 
be  explained  presently,  the  amotmt  of  COS  found  in  this  experiment 
may  be  2%  or  3%  low,  this  experiment  may  be  regarded  as  a  sufficient 
basis  for  a  provisional  calculation  of  the  equilibrium  constant  at  this  tem- 
perature.   In  this  case  Kfi^  =  0.74/0.0017  =  435. 

If  now,  by  the  van't  HoflF  equation,  we  use  the  two  values  of  K  to  de- 
temrine  the  heat  of  the  reaction,  we  find  — 1 1000  instead  of  — ^4000  from 
Berthelot  and  +10000  from  Thomsen.  This  indicates  that  Thomsen's 
value,  at  least,  is  erroneous.  We  must  not,  however,  lay  too  much  stress 
Qpon  the  value  which  we  have  obtained  from  the  van't  Hoff  equation, 
Qscd  over  a  small  range  of  temperature,  with  one  equilibriimi  constant  ob- 
tained from  a  single  measurement.  It  seems  therefore  desirable  to  post- 
^  This  Joubnal,  stS,  1380  (1906). 
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pone  the  calculation  of  the  free  energy  of  this  reaction  at  standard  tem- 
perature until  we  have  more  reliable  calorimetric  measurements, 
measurements  are  now  being  made  in  this  laboratory. 

It  will  have  been  noticed  that  a  considerable  part  of  the  gas  left  in 
tubes  after  heating  was  neither  COS  nor  CO.    Thus,  at  302  ®,  about  o. 
of  the  CO  remained  as  such,  and  83%  was  used  in  forming  COS.    Judg^ 
ing  from  the  volume  of  the  residual  gas  and  from  the  amount  of  CO 
termined  by  analysis,  the  amount  of  CS  was  approximately  equal  to 
of  CO.    This  leaves  16%  of  the  gas  unaccounted  for.    This  was  assume 
to  be  a  mixture  of  approximately  equal  parts  of  COs  and  CSi.    Each  of 
three  reactions,  CO  +  S  =  COS,  2COS  =  COj  +  CSt  and  CSi  =  CS  + 
leads  to  no  change  in  the  number  of  mols  of  gas  when  the  temperature  i| 
sufficiently  low  for  the  condensation  of  the  sulfur,  but  not  low  enough 
condense  CSs.     In  fact,  the  final  volume  of  the  reacting  mixture  was  alwa] 
1-2%  lower  than  that  of  the  CO  used.    This  was  attributed  to  the  fi 
that  the  resulting  gases  are  less  perfect  than  CO.     It  would  have  been  dc 
sirable  to  analyze  for  CO3  and  CSs,  but  this  would  have  added  alm< 
insuperable  difficulties  to  the  already  very  difficult  analytical  procedi 
It  did  seem  worth  while,  however,  to  satisfy  ourselves  as  to  the  gen< 
correctness  of  our  assumption.    In  the  last  two  experiments  at  the  I01 
temperature  that  portion  of  the  gas  which  was  frozen  out  by  liquid 
was  transferred  to  a  tube  immersed  in  liquid  alcohol  at  a  temperatui 
of  — 80°.    The  gas  was  then  pumped  out  from  this  cold  chamber  unt 
the  pressure  was  0.5  mm.  of  mercury.    This  gas  was  analyzed  as 
for  COS,  and  the  liquid  which  remained   was   afterwards   transf< 
to  a  small  tube  which  was  sealed  off  and  weighed.    This  liquid  was 
questionably  CSs.      In  Expt.  4  the  weight  of  this  liquid  corresponds 
to  0.073  taols  of  CSs  per  mol  of  CO  (initial).    The  boiling  points  of 
COS  and  COs  are,  respectively,  46®,  — ^47. 5**  and  — 80*^.    The  separati< 
of  COS  from  CSs  could  hardly  be  expected  to  be  quantitative  and  it  seem< 
probable  that  in  the  experiment  just  mentioned  some  of  the  CSs 
pumped  oflF.     In  Expt.  5,  therefore,  the  gases  were  pumped  oflF  only  unt 
the  pressure  was  about  i  mm.    The  amount  of  liquid  left  in  this 
corresponded  to  o.  155  mol  CSs  per  mol  CO  (initial).     In  this  case  it 
almost  certain  that  some  of  the  COS  remained  with  the  CSs. 

It  seems  pretty  certain,  therefore,  that  of  the  20%  of  gas  which  was 
not  CS,  CO  and  COS,  approximately  one-half  is  CS$.  PresumaMy 
the  other  half  is  COs,  and  if  so  we  can  estimate  roughly  the  equilibrium 
constant  for  the  reaction  2COS  =  COs  +  CSs  as 

K6S8  =  [COs] [CSs]/ [COS]*  =  o.io  X  0.10/(0.79)*  =  0.016. 

A  calculation  of  the  meastu-ements  at  the  higher  temperattu'es,  based  upon 
similar  assumptions,  gives 

K«76  =  0.08  X  0.08/(0.83)*  =  0.009. 
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Now,  these  constants  could  be  calculated  from  our  value  of  the  free 
taergy  in  the  reaction  CO  +  S  =  COS,  and  the  equation  given  by  Koref  ^ 
for  the  dissociation  of  CSs  as  a  f tmction  of  the  temperature,  together  with 
the  free  energy  tables  given  by  Lewis  and  Randall.^  This  calculation, 
which  we  shall  not  reproduce  here,  would  lead  to  the  conclusion  that  at 
the  temperature  of  our  experiments  COs  and  CSs  would  be  present  in 
larger  amounts  than  COS.  Koref  used  a  heat  of  dissociation  of  CSs 
calculated  from  his  own  equilibrium  measurements  and  this  value  would 
be  higely  affected  by  small  errors  in  the  degree  of  dissociation.  That 
such  errors  were  probable  is  evident  from  the  fact  that  Koref  made  no 
^allowance  for  the  formation  of  CS,  nor  for  such  other  substances  as  may 
.be  formed  by  heating  CSs-' 

,  We  may  note,  in  passing,  that  the  reaction  2COS  »  COs  +  CSs  ap- 
fears  to  be  much  more  rapid  than  the  reaction  CO  +  S  =  COS  at  the 
^temperatures  of  our  experiments. 

Finally,  although  CS  was  not  directly  determined  in  any  of  otu*  experi- 
ments, we  may  give  an  approximate  estimate  of  the  equilibrium  constant 
m  the  reaction  CSs  '=»  CS  +  Sx||.  Taking  the  amount  of  CS  as  equal 
to  that  of  CO,  we  have  K^n  =  [CS]/[CSs]  «  0.004/0.08  =  0.05. 

Until  more  reliable  calorimetric  measurements  are  available  we  shall 
not  attempt  to  reduce  any  of  these  results  to  standard  temperature. 

Summary. 

When  carbon  monoxide  and  sulftu*  are  heated  together  at  250^  to  300^  C, 
'carbon  oxjrsulfide,  carbon  dioxide,  carbon  disulfide  and  carbon  monosul- 
>tde  are  formed  by  the  reactions: 

CO  +  S  =  COS; 
2COS  =  COs  +  CSs; 
CSs  =  CS  +  S. 
The  equilibrium  in  the  first  reaction  was  determined  at  302°  and  less 
vdiably  at  260°.    Approximate  values  were  obtained  for  the  equilibrium 
constants  of  the  other  two  reactions. 
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The  method  used  by  Lewis  and  Kraus,  and  Lewis  and  Keyes  for  the 
determination  of  the  electrode  potential  of  sodium/  potassium^  and 
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lithium^  seems  at  first  sight  inapplicable  to  the  remaining  two  alkali 
metals,  rubiditun  and  cesium.  That  method  consists  in  determining 
first  the  normal  electrode  potential  of  a  dilute  amalgam  of  the  metal 
towards  an  aqueous  solution  of  the  ion  of  the  metal,  and  second  the  dif- 
ference in  potential  between  the  amalgam  and  the  pure  metal  in  a  liquid 
amine  solution  of  a  salt  of  the  metal  in  question.  Potassium  and 
sodium  iodides  were  used  in  ethylamine  and  lithium  iodide  in  propyl- 
amine. But  rubidium  iodide  is  so  nearly  insoluble  in  propyl  and 
ethyl  amines  as  to  have  no  measurable  electrical  conductivity,  while 
the  metal  rubidium  is  freely  soluble  in  methylamine  and  ammonia. 
Rubidium  amide  was  Ukewise  found  too  little  soluble  in  ethylamine 
and  although  there  may  be  some '  rubidium  salt  of  an  oxygen  add 
which  would  dissolve  more  freely,  such  a  salt  would  doubtless  react  with 

the  metal. 

Choice  of  Solvent:  Preparation  of  Materials. 

It  seemed  possible  that  by  adding  some  inert  solvent  to  ammonia  a 
mixture  might  be  obtained  which  would  not  dissolve  rubidium  but  which 
would  dissolve  rubidium  iodide  sufficiently  to  permit  measin^ments  of 
electromotive  force.  Pentane  was  the  first  substance  tried,  but  it  was 
soon  evident  that  neither  this  nor  any  similar  substance  would  serve; 
for,  although  pentane  and  ammonia  are  miscible  in  all  proportions,  a  small 
amoimt  either  of  the  iodide  or  of  the  metal  sufficed  to  cause  a  separation 
into  two  liquid  phases,  and  in  the  phase  consisting  chiefly  of  pentane 
neither  iodide  nor  metal  was  dissolved  to  any  measurable  extent.' 

Mixtiures  of  ethylamine  and  ammonia  were  next  investigated  and  found 
to  offer  an  adequate,  if  not  a  completely  satisfactory,  solution  of  the  prob- 
lem. The  solubility  of  both  metal  and  iodide  changes  very  markedly  with 
small  changes  in  the  composition  of  the  mixttu-e.  It  was  therefore  neces- 
sary to  prepare  mixtures  of  accurately  known  composition.  The  an- 
hydrous ethylamine  was  kept  in  a  reservoir  of  the  type  described  by 
Lewis  and  Kraus.  The  ammonia  was  kept  in  the  form  of  a  Divers  solu- 
tion (a  saturated  solution  of  ammonium  nitrate  in  liquid  ammonia), 
both  the  nitrate  and  the  ammonia  having  been  dried  with  great  care. 
The  two  components  of  the  mixed  solvent  were  measured  separately  as 
vapors  in  btdbs  of  known  volume  at  measured  pressures,  and  were  then 
condensed  at  a  temperatiure  of  about  — ^80  ^^  C.  in  the  apparatus  in  which 
it  was  to  be  used. 

In  order  to  test  roughly  the  conductivity  of  a  saturated  solution  of 
rubidium  iodide  as  a  function  of  the  composition  of  the  solvent,  a  glass 
tube  about  5  mm.  in  diameter  with  two  platinum  electrodes  (about 
o.  5  sq.  mm.  in  area  and  5  mm.  apart)  was  used.    A  small  crystal  of  rubid- 

*  This  Journal,  35i  34©  (1913). 

'  Sodium  and  not  rubidium  was  the  metal  used  in  this  ezperiment. 
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iiim  iodide  was  placed  in  this  cell,  which  was  then  exhausted  while  being 
heated  nearly  to  the  softening  point  of  the  glass.  After  cooling,  the  sol* 
vent  was  allowed  to  enter.  A  potential  of  1 10  volts  was  then  apphed  across 
the  two  electrodes  and  the  cturent  roughly  determined.  Table  I  gives 
the  results  of  four  such  experiments. 

Tablet. 

Md  per  cent,  ammonia 7.9  9.0  11. o  13.4 

Amperes  (with  1 10  y.) o.oooa        0.0005        0.0007        0.0015 

Similar  experiments  were  made  to  determine  the  solubility  of  rubidium, 
which  could  be  estimated  roughly  from  the  color.  The  solvent  contain- 
ing 7.9  mol  per  cent,  of  ammonia  gave  a  very  pale  blue  solution  which 
may  be  estimated  to  be  not  over  o.ooi  M  with  respect  to  the  metal. 
With  increasing  percentage  of  ammonia  the  blue  color  becomes  more  in- 
tense and  at  13.4  mol  per  cent,  of  ammonia  a  second  liquid  phase  of 
metallic  appearance  is  formed.  Except  in  one  case,  the  solvent  contain- 
ing 7.9  mol  per  cent,  of  ammonia  was  used  in  the  following  experiments: 

The  rubidiimi  amalgam  was  prepared  by  the  electrolysis  of  an  aqueous 
solution  of  Kahlbaum's  rubidium  carbonate  with  a  merctuy  cathode.  The 
amalgam  thus  formed  was  freed  from  traces  of  water  and  soUd  impurities, 
and  collected  in  an  exhausted  reservoir.  According  to  two  analyses,  i  g. 
of  the  amalgam  contained  2 .  696  X  io~*  and  2 .  701  X  io~*  equivalents  of 
nibidium.    The  average  taken  is  2.698  X  io~'. 

The  metallic  rubidium    obtained    from    Kahlbaum  was  used  in  all  • 
but  one  of  the  experiments.     Jn  that  one,  the  rubidium  was  prepared 
by  distilling  a  mixttu'e  of  metallic  calcium  and  rubiditun  iodide  in  an  evac- 
uated quartz  vessel. 

AD  measurements  were  made  in  an  oU  thermostat  at  25**  C. 

Electromotive  Force  of  the  Rubidium — ^Rubidium  Amalgam  Cell. 

The  first  cell  used  was  similar  to  the  one  used  by  Lewis  and  Kraus 
in  the  case  of  sodium.  A  small  amount  of  rubidium  iodide,  carefully 
dxied,  was  introduced  into  the  cell  which  was  then  exhausted.  The  rubid- 
imn  was  introduced  in  the  molten  state  through  a  fine  capillary.  The 
amalgam  from  its  reservoir  was  allowed  to  run  into  the  other  side  of  the 
H  cell  and  the  mixed  solvent  was  introduced  as  previously  described. 
The  solvent  was  found  to  be  too  rich  in  ammonia,  since  it  not  only  formed 
a  deep  blue  solution  of  rubidium  but  also  produced  a  concentrated  layer, 
of  metaUic  appearance,  over  the  rubidium  electrode.  The  electromotive 
force  of  this  cell  was  about  0.9  volt,  but  inconstant.  We  attempted  to 
rednce  the  concentration  of  ammonia  in  the  following  manner:  A 
side  tube  which  had  been  added  to  the  cell  for  the  original  condensation 
of  the  solvents  was  now  cooled  tmtil  a  certain  amount  of  ammonia,  which 
is  far  more  volatile  than    the   ethylamine,  was  condensed  in  it.    This 


1986  GH^nsX  N.  LSWtS  AND  vnXVM  L.  AKGO. 

tube  was  then  sealed  off  and  the  cell  being  placed  in  the  thermostat  showed 
only  a  pale  blue  color.  The  electromotive-force  readings  then  obtained 
are  given  in  Table  II  (Cell  i).  The  gradual  fall  in  potential  which  wu 
noticed  in  this  and  all  other  cases  is  undoubtedly  to  be  attributed  in  part 
to  a  slow  increase  in  the  concentration  of  the  amalgam,  which  is  due  to 
a  transference  of  the  metal  from  the  rubidium  electrode  through  the 
solution. 

In  all  the  following  experiments  the  solvent  contained  7.9  mol  pa 
cent,  of  ammonia.     Experiments  with  Cell  i  showed  the  desirability  of 
producing  a  fresh  surface  of  rubidium  during  the  electromotive-force 
measurements.     An   arrange- 
ment similar  in  principle  to  a 
sodium    press    was   therefcce 
added  to  the  cell.     It  is  shown 
in    Fig.    I.      A   heavy- walled 
glass  tube  (T)  was  drawn  out 
.  to   a   capillary,    also    heavy- 
walled,  and  sealed  into  the  top 
of  one  arm  of  the  cell  at  (N). 
Over  this  tube   was  fitted  a 
brass  collar  (C),  threaded  at 
the  upper  end  to  admit  the 
screw  (S).     The  rubidium  was 
introduced  and  forced  quickly 
down  to  the  bottom  of  the 
.^tube  to  the  position  (R).     A 
leather  plug  (L)  and  a  brass 
rod   (P)   were  then   inserted. 
By  turning  the  screw  (S)  any 
desired    pressure    within    the 
limits  of  strength  of  the  glass 
cylinder     could    be    exerted 
evenly  on  the  rubidium.     Be- 
ing quite  soft  at  25°,  it  flowed 
gradually  through  the   capil- 
lary and  emerged  at  the  open- 
ing in  the  form   of  a  bright   "worm,"    free  from  oxide  coating.     For 
electrical  coanection  a  thin  platinum   wire   was   inserted  through  the 
chamber  and  a  short  distance  into  the  capillary  before  the  rubidium  was 
introduced. 

Cells  3  and  3  gave  results  which  do  not  contribute  much  to  our  knowl- 
edge of  the  electromotive  force  in  question,  since  in  Cell  3  we  know  that 
during  the  manipulation  a  certain  amount  of  metallic  rubidium  was  car- 


Fig.  1 
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lied  into  the  amalgam,^  and  there  was  a  strong  suspicion  that  this  was 
also  the  case  with  Cell  2.  The  effect  of  concentrating  the  amalgam  is 
obviously  to  diminish  the  observed  e.  m.  f.  These  cells,  however,  fiu"- 
jiished  valuable  experience  in  manipidation  and  also  offered  an  oppor- 
tnnity  to  determine  the  result  of  stirring  the  electrolyte,  and  of  renew- 
ing the  rubidium  surface.  It  is  for  this  reason  that  these  cells  are  included 
in  Table  II.  The  cells  were  stirred  before  nearly  every  reading  and  the 
rubidium  surface  was  renewed  after  readings  i  and  4  with  Cell  2  and  after 
leading  6  with  Cell  3.  The  results  show  that  little,  if  any,  effect  is  pro- 
duced by  either  of  these  changes. 

I  After  the  experience  gained  with  these  cells,  a  new  cell.  No.  4,  was 
and  manipulated  with  great  caution,  and  gave  results  so  satisfac- 
that  its  electromotive  force,  which  agrees  with  that  obtained  in 
I,  may  be  confidently  taken  as  the  true  electromotive  force  between 
nbidium  and  the  rubidium  amalgam.  It  is  to  be  noted  that  Kahlbaum's 
knbidium  was  used  in  Cell  i  and  our  own  preparation  in  Cell  4.  Allow- 
ig  for  a  possible  slight  diminution  in  electromotive  force  while  the  cell 
msbemg  placed  in  the  thermostat,  we  may  take  1.0745  ^^'^^  ^  ^^ 
-faal  value.     The  last  figure  is  probably  not  significant. 


Tablb  II. 

ceai. 

Cen2. 

CeU3. 

CeU4. 

Time. 

B. 

Time. 

E. 

Time. 

* 

E. 

Time. 

* 

E. 

(Mia.) 

(Volts.) 

(Min.) 

(VolU.) 

(Min.) 

(Volts.) 

(Min.) 

(VoUs.) 

0 

1.0742 

0          ( 

;i.o695) 

0          ( 

[1.0629) 

0 

1.0742 

35 

1.0735 

2             1 

;i.o697) 

8          I 

[1.0631) 

5 

1.0742 

45 

1.0736 

25             1 

;i.o695) 

13          ' 

[1.0628) 

8 

1.0745 

60 

1.0733 

35         ( 

[1.0696) 

14          ( 

[1.0629) 

10 

1. 0741 

82 

1.0732 

100         { 

[i  .0697) 

30          ( 

[1.0629) 

12 

1.0740 

92 

1. 0731 

175         ( 

[1.0694) 

60          ( 

[1.0629) 

14 

1.0738 

125 

1.0724 

190         ( 

[1.0700) 

817          1 

[1.0620) 

25 

1.0734 

M5 

1.0720 

203         { 

[i .0693) 

960          1 

[1.0621) 

30 

1.0738 

241 

1. 0719 

31 

1.0737 

729 

1.0685 

33 
35 

1.0738 
1.0736 

There  may  be  some  question  as  to  the  influence  of  the  solubility  of 
mbidium  upon  this  electromotive  force,  but  it  is  to  be  observed  that  the 
Ifae  color  did  not  extend  completely  from  one  electrode  to  the  other, 
since  the  solution  immediately  above  the  amalgam  was  always  colorless. 
We  believe  that  the  small  amount  of  metal  in  solution  produced  no  ap- 
pKdable  effect  upon  the  initial  electromotive  force,  especnally  as  the  con- 
antration  of  rubidium  was  not  the  same  in  Cells  i  and  4,  which  gave  the 
sanie  e.  m.  f . 

^  Owing  to  the  extremely  poor  conductivity  of  the  solution  it  was  necessary  to  de- 
BCn  the  cell  so  that  very  littie  space  intervened  between  the  two  electrodes. 
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The  Normal  Electrode  Potential  of  the  Rubidium  Amalgam. 

The  potential  of  the  rubidium  amalgam  in  a  o.  i  M  aqueous  solutiosi 
of  rubidium  hydroxide  was  meastu-ed  against  the  normal  calomel  dec* 
trode  in  the  same  type  of  apparatus  as  was  used  for  the  other  alkali  metah.! 
The  cell  consisted  of  the  chain,  Rb  amalgam,  RbOH  (o.  i  M),  RbCl  (o.  i  Mit 
N.  E.  The  rubidium  hydroxide  was  prepared  by  treating  some  of 
the  amalgam  with  pure  water;  the  rubidium  chloride,  by  mixing  a  scbh 
tion  of  rubiditun  iodide  with  an  ammoniacal  solution  of  sSly&r  chloride^ 
filtering,  evaporating  to  dryness,  and  heating  to  drive  oS  ammoniuni 
salts. 

A  device  which  has  been  developed  in  this  laboratory,  and  which  witj 
be  described  in  another  place,  allowed  repeated  renewals  of  the  liqi 
junction  between  RbCl  and  RbOH.  The  amalgam  surface,  which 
could  be  renewed  at  will,  reacted  far  more  rapidly  than  in  the  case 
the  amalgams  of  the  other  alkaU  metals.  This  may  be  an  intrinsic  prop> 
erty  of  rubidium  amalgam,  or  it  may  be  due  to  the  greater  difficulty  of 
preparing  pure  salts  owing  to  the  small  amount  of  the  expensive  ma- 
terial used.^  After  forming  a  new  amalgam  surface  in  the  electrode  cham* 
ber,  the  electromotive  force  would  fall,  slowly  at  first,  and  then  more 
rapidly.  Dming  the  first  minute  the  change  would  amount  to  o.i  to 
0.2  millivolt.  Two  series  of  measurements  were  made  several  weeks 
apart  and  with  different  normal  electrodes.  These  two  series  are  givea 
in  Table  III.  Before  each  measurement  both  the  amalgam  surface  and 
the  liquid  junction  were  changed.  The  measurements  do  not  show  as 
high  a  degree  of  constancy  as  might  have  been  hoped  for,  but  owing  to 
the  constantly  changing  conditions  the  variations  are  at  a  maximum^ 
and  we  may  therefore  be  stu-e  that  the  average  result,  2 .  1805  volts,  cannot 

be  seriously  in  error. 

Tabi^eIII. 

Seties  1.  .  Series  2.  Series  1.  Series  2. 

9>  B>  Sm  B. 

2.I8IO         3.1794  2.1802         3.1806 

2.1800         2.1808  2.1805         2.I8I2 

2.1796  2.1815  '2.1804  2. 181 I 

2.1802  2.1808  2.1805  2.1808 

2.1806  2.1800  2.1805  2.1802 


Average,     2 .  1804  2 .  x8o6 

Since  the  mobility  of  Rb+  is  almost  exactly  the  same  as  that  of  K*^, 
the  liquid  potential  RbOH  (o.i  Af),  RbCl  (o.i  Af)  may  be  taken  the 
same  as  that  of  the  corresponding  junction  with  potassium  salts,  namely, 

^  The  extraordlnazy  effect  of  small  impurities  in  accelerating  the  reaction  between 
an  amalgam  and  an  aqueous  solution  has  been  shown  by  Walker  and  Patterson,  Tran$» 
Am.  Electrachem.  Soc.,  3,  185  (1903);  and  by  Lewis  and  Jackson,  Z.  phys,  Chem.,  561 
198  (1906). 
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.0165  volt^  at  25^  C.    Likewise,  since  it  is  the  custom  to  neglect  the 

tial  KCl  (o.  I  ikOf  KCl  (i  .0  M),  we  may  neglect  the  equal  poten- 

Rba  (o.iM),  KCl  (i.oM).    Thus,  for  the  above  cell  without 

id  potentials  we  would  have  Rb  amalgam,  RbOH  (o.i  M)  II  N.  E.; 

«  2.1970, 

In  order  to  calculate  the  potential  of  the  rubidium  amalgam  against 

&di  (hypothetical)  molal  concentration,  we  shall  assume  the  ''corrected" 

of  dissociation  of  RbOH  (o.i  M),  in  the  absence  of  any  direct 

ents,  to  be  the  same  as  that  of  KCl  (o.i  M),  namely  0.76,* 

e  have,  therefore,  Rb  amalgam,  RbOH  (0.1  M)  II  Rb+  (i  M),  Rb 

E  =  — 0.05915  log  0.076  =  0.0662  volt.     Subtracting  this 

the  aboi^e  value  we  have  Rb  amalgam,  Rb+  (i  M)  II  N.  E.;  E  = 

y£  volts. 

e  Potential  of  Rubidium  and  of  Lithium,  Sodium  and  Potassium. 

ly  combining  the  normal  electrode  potential  of  the  rubidium  amalgam 
the  difference  in  potential  between  rubidium  and  the  amalgam 
find  Rb,  Rb+  (i  M)  II  N.  E.;  E  =  2.1308  +  1.0745  =  32053  volts, 
shall  take,  therefore,  as  the  normal  electrode  potential  of  rubiditun 
25®  against  the  normal  calomel  electrode,  3.20s  volts. 
There  seems  to  be  little  hope  at  present  of  determining  the  potential 
cesium  by  the  same  method,  for  in  the  solvents  which  we  have  inves- 
ted the  metal  is  more  soluble  and  the  iodide  less  soluble  than  in  the 
of  rubidium.    We  may  therefore  summarize  at  this  point  the  results 
tained  for  the  four  alkali  metals. 

In  Table  IV  the  second  column  gives  the  normal  elfectrode  potential 
ed  against  the  normal  calomel  electrode.  The  values  previously 
for  sodium  and  potassium  were  based  upon  the  old  international 
t  and  upon  the  assumption  that  the  degree  of  dissociation  of 
OH  (0.2  M)  is  0.828  and  that  of  KOH  (0.2  Af)  is  0.830.  We 
ve  recalculated  these  values  in  terms  of  the  new  international  volt 
and  on  the^'assumption^thatTthe  "corrected"  degree  of  dissociation  is 
the  same  as  that  of  KCl  (0.2  Af),  namely,  0.71.  This  assumption  may 
flot  be  entirely  correct,  but  it  gives  the  best  estimate  which  is  possible 
at  present'.  The  new  value  of  the  corrected  degree  of  dissociation  also 
<^ges  the  lithium  potential  by'0.0007  volt.  The  third  column  gives  the 
nonnal  electrode  potentials  of  these  elements  against  the  normal  hydro- 
gen electrode  taken  as  zero.  This  column  is  obtained  by  subtracting 
0-2776  from  the  figm-es  of  the  preceding  column.'    The  potentials  of  the 

'See  Lewis  and  Randall,  Tms  Journai^,  36,  1969  (1914). 

'  The  corrected  degrees  of  dissociation  here  employed  differ  slightly  from  those 
Stained  by  Lewis,  Tms  Journal,  36,  1969  (1914).  The  revision  of  these  values  will 
^  ^acussed  m  another  paper. 

'  Lewis  and  Randall,  Loc.  cU. 
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alkali  metals  follow  a  curious  order,  namely,  lithium,  rubidium,  potassium. 
sodium.  It  is  interesting,  however,  to  observe  that  this  is  the  order  ol 
the  heats  of  formation  of  the  several  ions  in  aqueous  solution.  In  ordeC 
to  illustrate  this  fact  the  heat  of  formation  of  the  chlorides  of  the  faaS 
metals  in  aqueous  solution  are  given  in  the  last  column. 

Tabls  IV. 

Potential  a^tnst       Potential  against       Heat  of  formation 
N.  B.  hydrogjcn.  of  chlorides. 

Li 3 -305  3027  102000 

Rb 3.205  2.928  loiooo 

K 3.203  2.925  loiooo 

Na 2.993  2.715  96000 

The  heat  of  formation  of  aqueous  cesium  chloride  is  giVen  as  105,0001 
calories,  and  if  this  figure  is  correct  we  might  predict  the  potential  of 
cesium  to  be  higher  than  that  of  any  of  the  other  alkali  metals. 

We  wish  to  express  our  indebtedness  to  the  Bache  Fund  of  the  National] 
Academy  for  financial  aid  in  this  series  of  investigations. 

Bbkkslby  Cau 
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By  Frbdbkxck  H.  Gbtman  and  Vbrmbths  L.  Gxbbpns. 
Received  June  11,  1915. 

I.  Conductance. 

The  data  for  the  conductance  of  cadmium  iodide  in  alcoholic  solutions , 
was  found  to  be  very  meager.    Zelinsky  and  Krapiwin,^  and  Jones  andi 
Carroll, 2  measured  the  conductance  of  various  solutions  of  cadmium] 
iodide  with  methyl  alcohol  as  the  solvent,  but  there  is  great  disagreement ! 
between  the  two  sets  of  values,  and  when  plotted  neither  set  gives  a  smooth  I 
curve.    Jones  and  Carroll*  also  meastu'ed  the  conductance  of  cadmium: 
iodide  with  ethyl  alcohol  as  the  solvent.    As  far  as  recorded,  only  one  series 
of  measurements  was  made  in  each  case.     It  therefore  seemed  advisable 
to  redetermine  the  conductance  of  cadmium  iodide  in  methyl  and  ethyl 
alcohoUc  solutions. 

In  the  work,  the  results  of  which  are  here  given,  extreme  care  .was  taken 
to  avoid,  as  far  as  possible,  all  known  sources  of  error.  The  purest  cad- 
mium iodide  obtainable  was  powdered  and  allowed  to  stand  in  a  desiccator 
over  phosphorous  pentoxide  for  several  days.  The  alcohols  were  dehy- 
drated over  pure  lime  for  several  weeks  and  then  distilled,  using  a  frac- 
tionating column  and  collecting  in  a  dry  receiver  protected  from  the  gases 
and  moistiu-e  of  the  atmosphere  by  means  of  a  soda-lime  tube.  The  boil- 
ing point  of  the  ethyl  alcohol  was  77.3  ®  at  743.1  mm.  and  the  boiling  point 

*  Z.  pkysik.  Chem.,  21,  35-52  (1896). 

*  Bull,  Carnegie  Inst.,  80,  41-73  (1907). 
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otf  the  methyl  alcohol  was  64.2^  to  64.5°  at  752  mm.  The  measmiements 
Erf  the  electrical  conductance  were  made  by  means  of  the  well-known 
Kohlrausch  apparatus,  a  Leeds  and  Northrup  cylindrical  bridge  being 
nsed.  The  cell  was  of  the  ordinary  Arrhenius  form,  closed  with  a  tight- 
fitting  ebonite  cover.  Its  constant  was  found  to  be  16.27  and  did  not 
biter  during  the  progress  of  the  conductance  measurements. 

The  solutions  were  made  up  either  by  direct  weighing  or  by  dilution 
from  a  stronger  solution.  The  flasks  and  burets  used  were  carefully  cali- 
brated. In  several  cases  duplicate  measurements  were  made  with  solu- 
tions made  up  by  direct  weighing  and  by  dilution  from  a  more  concentrated 
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Fig.  I. 
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solution,  and  in  no  case  was  a  solution  diluted  more  than  twice.    The] 
cell  was  always  filled  twice  and  duplicate  readings  taken,  so  that  at  leaslj 
four  measiu'ements  were  made  with  each  solution.    These  results  cono^l 
borate  each  other  and  the  curves  are  quite  smooth,  as  is  shown  by  Pig.  i, 
plotted  from  the  data  given  in  Table  I. 

Tabls  I. 
Solutions  in  Methyl  Alcx>hol.  Solutions  in  Ethyl  Alcohol. 


M. 

V. 

A25«. 

m. 

V. 

A25*. 

2.0 

0.5 

4.14 

2.0 

0.5 

0.825 

I.O 

I 

5.40 

1.0 

I 

0.817 

0.5 

2 

6.20 

0.5 

2 

0.740 

0.2 

5 

.  6.82 

0.25 

4 

0.684 

O.l 

10 

7.14 

0.1 

10 

0.650 

0.05 

20 

7.49 

0.05 

20 

0.644 

0.02 

50 

7.89 

0.02 

50 

0.639 

O.OI 

TOO 

8.39 

O.OI 

100 

0.646 

0.005 

200 

9.33 

0.005 

200 

0.640 

0.002 

500 

11.58 

O.OOI 

1000 

15.14 

0.0007 

1428.6 

17.35 

0.0005 

2000 

18.82 

The  conductance  curve  for  methyl  alcoholic  solutions  of  cadmii 
iodide  is  complicated,  indicating  complex  conditions  in  the  solutii 
the  curve  for  the  ethyl  alcoholic  solutions  is  the  exact  reverse  of  what 
would  natiurally  expect.    It  has  been  shown  by  Jones  and  Carroll^ 
when  water  is  mixed  with  the  alcohol  as  a  solvent,  the  conductance  of 
solute  is  increased.    It  is  obvious  therefore,  that  the  lower  values  obtaini 
by  us  for  the  ethyl  alcoholic  solutions  cannot  be  caused  by  the  absQrpti< 
of  moisture  by  the  solutions,    'the  values  obtained  by  us  with  solutions  ii 
methyl  alcohol  are,  it  is  true,  higher  than  those  obtained  by  the  oth< 
observers,  but  the  fact  that  several  points  on  the  curve  were  corroborat 
by  measurements  of  solutions  made  up  by  direct  weighing  and  by  diluti< 
confirms  the  accuracy  of  the  work.    In  the  case  of  the  0.05  N  con4 
tration  three  solutions  were  used;  one  made  up  from  a  N  solution  and  ti 
by  direct  weighing,  using  alcohol  obtained  by  two  different  distillations. 

Jones  and  Getman*  measured  the  molecular  rise  in  the  boiling 
of  ethyl  alcoholic  solutions  of  cadmium  iodide.     If  molecular  associati< 
occurs,  as  was  plainly  indicated  by  their  results,  the  degree  of  associatioi 
would  probably  be  greater  at  25°,  the  temperature  at  which  the  conduct 
ance  measurements  were  made,  than  at  the  boiling  point  of  the  solvent 
If  one  studies  the  plotted  values  for  methyl  alcoholic  solutions  of  ca< 
mium  iodide  given  by  Zelinsky  and  Krapiwin  and  Jones  and  Carroll  (Fig.  i), 
one  sees  that  although  the  values  lie  lower  than  those  given  by  us,  there  is^, 

*  Bull.  Carnegie  Inst.,  80,  41-73  (1907). 

*  Am.  Chem.  /.,  31,  303-359  (1904). 
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in  general,  a  similar  trend  or  complexity,  which  partially  explains  the  lack 
of  smoothness  observed.  By  comparing  the  curves  here  given  with  the 
conductance  curves  for  silver  nitrate  in  nonaqueous  solutions  given  by 
Gibbons  and  Getman,^  one  sees  certain  similarities.  The  curve  for  the 
conductance  of  cadmium  iodide,  when  ethyl  alcohol  is  the  solvent,  is  quite 
analogous  to  the  middle  portion  of  the  curve  for  the  conductance  of  silver 
nitrate,  when  aniline  was  the  solvent,  and  an  upward  trend  is  noted  in  the 
curves  of  conductance  of  silver  nitrate  in  acetone,  in  pyridine  and  in 
aniline,  just  as  is  noted  in  the  more  dilute  concentrations  of  cadmium  iodide 
when  methyl  alcohol  is  the  solvent.  Just  as  the  anomalies  in  the  conduct- 
ance curves  of  silver  nitrate  have  been  explained  on  the  basis  of  complexes 
existing  in  the  solution,  so  may  also  be  explained  the  anomalies  here  ob- 
served with  alcoholic  solutions  of  cadmium  iodide. 

That  molecular  complexes  do  exist  in  both  aqueous  and  nonaqueous 
stations  of  cadmium  iodide  is  shown  by  the  determination  of  the  trans- 
port numbers,  the  molecular  depression  of  the  freezing  point,  and  the 
mdecular  elevation  of  the  boiling  point.  Hittorf ^  meastu-ed  the  transport 
numbers  for  cadmium  iodide  in  ethyl  and  amyl  alcoholic  solutions  and 
obtained  negative  values  for  the  cadmium  ion.  The  values  obtained  with 
amyl  alcoholic  solutions  were  greater  than  those  obtained  with  ethyl 
alcoholic  solutions.  Jahn'  and  his  students  worked  with  cadmium  iodide 
in  aqueous  solutions  and  f otmd  the  transport  number  for  the  cation  prac- 
tically constant  for  concentrations  between  0.005  N  and  0.2  N,  while  for 
higher  concentrations  the  value  diminished  and  at  a  concentration  of  0.5  N 
the  transport  number  for  the  cation  was  negative,  i.  e.,  — 0.0003.  Hit- 
torf,*  and  Noyes  and  Falk*  considered  these  negative  values  for  the  trans- 
port number  of  the  cation  as  proof  of  the  existence  of  complex  ions  in  the 
solutions.  McBain,'  after  taking  into  account  all  the  data  of  measure- 
ments of  conductance,  freezing  point,  and  transport  numbers,  concluded 
that  in  a  o.i  N  aqueous  solution  about  80%  of  the  molecules  were  tmdis- 
sodated  Cdls  and  that  about  half  the  anion  was  CdIs^  Prom  the  values 
of  the  transport  numbers,  it  is  dear  that  for  any  given  concentration  the 
ethyl  alcoholic  solution  will  contain  a  larger  proportion  of  complexes, 
both  molecules  and  ions,  than  the  corresponding  aqueous  solution,  and  by 
analogy  it  is  safe  to  assume  that  in  a  methyl  alcoholic  solution  the  pro- 
portion of  complexes  will  be  between  the  values  for  aqueous  and  for  ethyl 
alcoholic  solutions. 

In  solutions  of  cadmium  iodide  in  the  altohols  several  reactions  may  take 
place.    The  complexes  C„  may  decompose  into  simpler  molecules,  or  they 

»  Tma  Journal,  36,  1630-1655  (1914)- 
»  Pogg.  Ann.,  106,  551,  554,  558  (1859). 

*  Z.  physik,  Chem.,  37,  673-712  (1901). 

*  Tms  Journal,  33, 1460  (191 1). 

*  Z.  Eledrachem,,  xi,  222  (1905). 
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may  ionize  to  form  complex  ions  A'  and  K^  or  the  simple  molecules  maj 
ionize  to  form  simple  ions  A  and  K.    The. form  which  the  conductan< 
curve  takes  depends  entirely  upon  which  of  the  three  reactions 
nates.     In  the  more  concentrated  regions  the  complexes  predominate 
in  the  more  dilute  regions  solvation  plays  its  part.    In  the  case  of  sili 
nitrate  solutions,  the  complexes  were  known  to  be  a  combination  of  solute] 
and  solvent,  and  in  the  cases  where  abnormal  conductance  occurred 
solvent  had  a  very  low  dielectric  constant  and  high  viscosity.     In  the 
of  cadmium  iodide  solutions,  the  complexes  are  combinations  of  the  m< 
cules  of  the  solute.    The  conductance  of  the  ethyl  alcoholic  solutions  i 
extremely  weak,  which  indicates  a  very  slight  amount  of  ionic  dis 
tion.    The  abnormalities  observed  in  the  ethyl  alcoholic  solution 
in  the  more  concentrated  regions,  while  those  observed  in  the  tm 
alcoholic  solutions  occiu:  in  the  more  dilute  regions.     It  would 
therefore,  that  in  the  more  concentrated  ethyl  alcohoUc  solutions  the  st 
associative  power  of  the  solute  offsets  the  effect  of  the  moderately  hi| 
dielectric  constant  of  the  solvent.     In  the  more  dilute  methyl  alcoh< 
solutions,  it  is  possible  that  the  dissociation  of  the  simple  molecules  int 
ions  predominates  and  causes  the  rapid  upward  slant   of  the  curve. 
is  also  possible  that  in  these  dilute  solutions  solvation  plays  its  part. 
is  therefore  quite  apparent  that  the  diminishing  conductance  with  int 
ing  dilution  depends  upon  the  complexity  of  the  conducting  compli 
rather  than  upon  the  nattu'e  of  their  components. 

II.  Density  and  Specific  Refraction. 

In  1911-1912  Miss  Gilroy,^  working  in  this  laboratory,  made  a  stui 
of  the  relation  between  the  density  and  the  refractive  index  of  aque« 
solutions  of  cadmium  iodide  and  calculated  the  specific  refraction  at 
ing  to  the  Lorentz-Lorenz  formula. 


r  — 


n. 


100 


n,  —  I 


100 


p   n]  +  I       di  n]  +  I  dt 

(r  denotes  the  specific  refraction  of  the  solute  at  the  temperature  of 
experiment,  p  the  per  cent,  of  solute  in  the  solution,  tti  and  th  denote 
refractive  indices  and  di  and  d^  denote  the  densities  of  the  solution 
the  solvent,  respectively,  at  20.5°.)     She  found  the  specific  refraction 
25  °  practically  constant  for  the  solutions  employed  (about  0.04  N 

1.5  N). 

A  similar  study  of  methyl  and  ethyl  alcoholic  solutions  of  cac 
iodide  at  20.5°  was  undertaken.  ,A  Sprengel-Ostwald  pycnometer 
about  10  cc.  capacity  was  used  and  duplicate  measurements  were 
with  each  solution.  The  densities  were  referred  to  water  at  4®. 
refractive  indices  wei-e  measured  with  the  improved  form  of  Pulfrich 
*  Getman  and  Gilroy,  Am.  Chem.  J.,  48,  138-145  (1912). 
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lactometer  manufactured  by  Zeiss.  The  temperattu'e  was  kept  constant 
p  20.5°  =F  0.1  °  by  means  of  a  Van  Aubel  thermostat.  The  light  source 
fas  a  sodium  flame.  As  in  the  work  with  aqueous  solutions,  the  Lorentz- 
fOKxa  formula  was  used  for  the  calculation  of  the  specific  refraction,  as 
(was  found  to  give  more  uniform  results. 

Tablb  II. 
Cadmium  Iodide  in  Methyl  Alcohol. 


«. 

%. 

d. 

n. 

r. 

0. 

0. 

0.7942 

1.32875 

0.5 

11. 555 

0.8766 

1.34300 

0.1260 

0.2 

4.602 

0.8269 

1.33452 

0.1212 

O.I 

2.301 

0.8099 

I. 33 159 

0.1258 

0.05 

1. 150 

0.8021 

I. 3301 6 

0.1223 

0.02 

0.460 

0.7969 

1.32932 

0.1537 

o.oos 

0.II5 

0.7943 

1.32887 

0.2920 

0.0005 

0.012 

0.7942 

1.32887 

0.7270 

Cadmium 

Iodide  in  Ethyl  Alcohol. 

0. 

0. 

0.7891 

I. 36 104 

a. 

46.412 

I. 1068 

1.40964 

0.1583 

I. 

23.206 

0.9484 

I. 38517 

0.1373 

0.5 

II. 613 

0.8688 

1.37289 

0.1231 

0.25 

5.802 

0.8292 

1.36695 

0.1142 

0.2 

4.641 

0.8210 

1.36559 

0.1113 

O.I 

2.321 

0.8052 

1.36355 

0.1068 

0.Q5 

1. 160 

0.7973 

I. 362 19 

0.1004 

0.02 

0.464 

0.7924 

I. 36148 

0.0957 

O.OI 

0.232 

0.79H 

1.36136 

0.0722 

0.005 

0.116 

0.7900 

I.36117 

0.0833 

ing  the  densities  and  refractive  indices  of  the  solutions  against  the 
itrations  shows  the  relationship  in  each  case  to  be  rectilinear.    The 
ic  refraction  was  calculated  on  the  assumption  that  the  volume  of 
solvent  was  in  each  case  the  same  as  the  volume  of  the  solution.    The 
ic  refraction  was  found  to  be  practically  constant  for  the  more  con- 
ted  solutions  in  methyl  alcohol,  but  for  the  less  concentrated  solu- 
the  value  increased  rapidly  with  dilution.     However,  in  the  calcula- 
of  the  specific  refraction  of  a  very  dilute  solution  the  sources  of  error 
be  very  great.    The  specific  refraction  of  the  ethyl  alcoholic  solutions 
ed  no  constancy  of  value  whatever,  and  instead  of  increasing  with  the 
tion  of  the  solution  it  rapidly  diminished. 

was  a  possibility  that  the  error  introduced  by  assuming  the  vol- 
of  the  solvent  to  be  the  same  as  the  volume  of  the  solution,  might 
the  difference.     If   in  the  one  case  there  was  expansion  and  in 
other  contraction,  when  the  salt  was  dissolved,  the  value  of  the  specific 
on  would  naturally  be  effected  correspondingly.    A  determination 
I  the  volume  changes  on  dissolving  cadmium  iodide  in  the  two  alcohols 
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was  carried  out  in  the  following  way:  A  loo  cc.  calibrated  mei 
flask  was  weighed,  filled  to  the  mark  with  the  pure  alcohol  at  the  tern] 
ture  20.5**.  The  weight  of  the  alcohol  was  determined  and  the  weight 
cadmium  iodide  required  to  make  100  cc.  of  a  given  normality  of  soh 
was  added  to  the  alcohol  in  the  flask.  The  expansion  or  the  contrs 
was  noted  and  its  exact  amount  calculated  from  determinations  of 
density  of  each  solution.  The  pycnometer,  whose  volume  was  a1 
20  cc.,  was  filled  three  times  with  the  given  solution,  thus  three  se] 
density  determinations  were  made  for  each  solution.  Weights  of  cadmii 
iodide  required  to  make  100  cc.  of  0.5  N  and  0.2  N  solution 
taken  for  each  alcohol.  In  every  case  there  was  expansion  as  is  sh( 
in  Table  III. 

Table  III. 


Bxpanaioii  p( 
100  cc  of 
Solvent.  Cone.         solvent. 

Ethyl  alcohol 0.5  N     i  .38  oc. 

0.2  N     0.46  cc. 


Solvent.  Cona 

Methyl  alcohol 0.5  N 

0.2  N 


100 


i.xo  oc 
0.33  cc 


Thus  it  is  seen  that  any  error  introduced  into  the  calculation  becai 
of  volume  changes  would  alter  all  the  results  in  the  same  direction 
hence  cannot  in  any  way  explain  the  great  differences  observed  in  the  vali 
for  the  specific  refraction  of  these  solutions. 

The  fact  that  the  variations  in  the  specific  refraction  of  these  two  ch 
of  solutions  run  parallel  to  the  variations  in  the  conductance  curves 
the  same  solutions  indicates  clearly  a  close  relationship  between  condi 
ance  and  specific  refraction. 

Summary. 

(1)  The  conductance  of  methyl  and  ethyl  alcoholic  solutions  of 
mium  iodide  at  25  ^  has  been  measured  and  found  to  be  in  certain  rej 
abnormal. 

(2)  These  abnormalities  have  been  shown  to  be  similar  to  those 
viously  observed  in  certain  nonaqueous  solutions  of  silver  nitrate 
similar  explanation  has  been  assumed. 

(3)  The  densities  and  refractive  indices  of  these  solutions  have  beq 
measured  at  20.5^  and  it  has  been  shown  that  each  is  a  rectilinear  ftinctid 
of  the  concentration.  ] 

.  (4)    The  specific  refraction  calculated  by  the  Lorentz-Lorenz  fomni 
has  revealed  certain  abnormalities. 

(5)  A  close  connection  has  been  pointed  out  between  conductanc 
and  specific  refraction. 


Bryn  Mawr«  Pa. 


ATOMIC  WQIGHT  OP  CADMIUM.  1997 

» 

K^ONTUBinnoN   ntcac   thb   Labokatory    of    Physical   Chsmistry,    PsiNCgTON 
I  Univebsity.] 

ATOMIC  WEIGHT  OF  CADMIUM. 

Bt  G.  A  HULSTT  AND  B.  I/.  QuofM  • 

RecelYed  May  13.  1915. 

In  an  artide  on  the  atomic  weight  of  cadmium,  Baxter  and  Hartman^ 
iDbtained  the  value  1 12.417  and  call  attention  to  the  disagreement  between 
Bus  result  and  that  obtained  by  Perdue  and  Hulett*,  Laird  and  Hulett,' 
pad  Quinn  and  Hulett/  where  the  value  112.3  was  obtained  by  three 
bdependent  methods. 

I  Baxter  and  Hartman  have  pointed  out  some  possible  sources  of  error 
oar  work  which  we  think  should  receive  some  attention.    In  the  last 
tide  we  analyzed  cadmium  chloride  by  depositing  the  cadmium  electro- 
ically  in  a  mercury  cathode.    This  was  done  in  order  to  avoid  the  in- 
aons  which  are  always  present  in  electrolytic  deposits  and  very  pro- 
iced  in  the  case  of  cadmium — ^we  have  found  as  much  as  0.085% — 
when  the  metal  was  dissolved  in  a  mercury  cathode,  there  were  no 
insions. 

Baxter  and  Hartman  have  also  analyzed  cadmium  chloride  by  depositing 

raHtntiim  electrol3rtica]ly  in  a  mercury  cathode  which  was  in  a  glass 

with  a  sealed-in  platinum  anode.    These  workers  were  unable  to  ob- 

all  of  the  cadmium  in  a  weighable  form  in  their  cell,  and  so  made  a 

ion  for  the  cadmimn  in  the  electrolyte  and  wash-waters.    There- 

they  suspected  that  we  overlooked  cadmium  in  our  electrolyte,  and 

-water.         We  concentrated  oiu-  electrolyte  and  wash-water  to  a 

volume,  but  were  unable  to  find  cadmium,  but  Baxter  and  Hartman 

:e  the  objection  that  we  must  have  had  a  strong  acid  solution  in  otu- 

This,  however,  was  not  the  case,  as  we  evaporated  the  electrolyte 

wash-waters  in  a  platinum  dish  and  heated  tmtil  the  ftmies  of  sulftuic 

ceased;  the  residue  was  then  taken  up  with  a  very  little  water  and 

in  a  volume  of  i  cc.  with  hydrogen  sulfide.     Comparisons  were 

with  known  amounts  of  cadmium  in  the  same  volume.     There  may, 

•,  have  been  a  trace  of  acid  in  our  tests,  as  we  did  not  endeavor 

expel  the  last  trace  of  acid.     So  some  special  tests  have  been  made  by 

of  us  (Quinn),  in  regard  to  this  point.     A  volume  of  liquid  equal  to 

electrolyte  and  wash-water  and  containing  1V2  cc.  of  strong  sulfiu'ic 

was  evaporated  with  known  amounts  of  cadmium  sulfate,   and  the 

expelled  just  as  in  oiu-  previous  work.    The  following  amounts  were 

I.  0.0002;  2.  o.oooi;  3.  0.00005;  4.  o.ooooi  g^.  of  cadmium. 

*  Thb  Joubnai«,  37, 113. 

*  /.  Pky$.  Chem.,  15,  1579. 

*  Trans.  Am,  Bkdrochem.  Soc.,  aa,  385. 

*  /.  Pkys,  Chem,,  1%  780. 
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The  first  three  tests  showed  cadmium  at  once,  and  smaller  amounts  in 
time.  In  addition  to  this,  some  tests  were  made  with  known  amounts  of 
add  present.  On  using  an  18%  solution  of  sulfuric  acid  with  known 
amounts  of  cadmium,  as  follows: 

I.  0.00007;  2.  0.00006;  3.  0.00005;  4.  o . 00004  cadmium  in  ^  9P'  ^<1* 
The  first  three  were  detected  at  once,  by  the  aid  of  hydrogen  sulfide 
and  smaller  amounts  in  time.  We  conclude,  therefore,  that  we  could 
not  have  overlooked  a  weighable  amount  of  cadmium  in  our  experiments. 
We  weighed  from  4  to  6.5  g.  of  cadmium  in  analyzing  the  cadmium  chloride 
so  there  could  not  have  been  a  loss  greater  than  one  part  in  100,000  due 
to  this  cause. 

Baxter  and  Hartman  used  a  glass  cell  with  a  mercury  cathode  for  de- 
composing their  cadmium  chloride,  and  always  found  cadmium  in  their 
electrol)rte  and  wash-water;  this  corresponds  with  our  earlier  experience 
in  using  this  kind  of  a  cell,  and  is  the  reason  for  developing  the  cell  we 
finally  used.  Oiu*  observation  was,  that  the  diflBculty  was  not  inability 
to  deposit  all  the  cadmium  in  the  mercury,  but  rather  in  the  subsequent 
manipulations  due  to  removing  the  layer  of  electrolyte  which  is  always 
found  between  a  mercury  cathode  and  the  glass  part  of  a  cell.  In  order 
to  remove  this  layer  of  electrolyte  and  satisfactorily  wash  the  amalgam 
it  must  be  disttu'bed  and  there  is  danger  not  only  of  oxidation  but  also 
of  loss  of  finely  divided  amalgam.  We  found  that  this  could  be  avoided 
by  using  a  platinum  cup  amalgamated  internally,  so  that  the  mercury 
cathode  wet  the  cup  and  it  was  therefore  impossible  for  either  electrolyte 
or  water  to  get  underneath  the  merciuy.  It  was  only  necessary  to  wash 
the  upper  surface  of  the  amalgam  which  was  not  disttu'bed  during  the 
process.  The  amalgam  and  cup  were  strongly  cathode  during  the  process 
of  replacing  the  electrolyte  with  water.  The  final  wash-water  was  re- 
moved with  a  pipet  so  that  only  a  drop  or  two  remained  on  the  surface. 
Then  the  cup  and  amalgam  were  placed  in  a  vacuum  desiccator  over  a 
dehydrating  agent,  where  the  last  traces  of  water  rapidly  disappeared 
and  there  was  no  layer  of  water  between  the  amalgam  and  cup  to  cause 
sptuling.  We  took  precaution  to  avoid  any  loss  of  merciuy  by  evapora- 
tion, and  convinced  ourselves  that  the  method  was  reliable  by  means  of 
blank  tests  as  follows:  We  started  with  weighed  pieces  of  our  purest 
cadmium,  dissolved  these  in  hydrochloric  acid,  changed  them  to  the  sul- 
fate, electrolyzed  in  our  cell,  and  weighed  the  cadmium  in  the  mercury 
cathode,  following  every  detail  of  the  manipulation  used  in  analyzing 
the  cadmium  chloride.  Five  such  tests  were  carried  out.  Two  showed  a 
gain,  and  three  a  loss,  the  probable  error  of  a  single  determination  was 
^0.00004  g.,  so  that  our  method  of  determining  cadmium  in  cadmium 
chloride  gave  us  results  which  we  think  can  be  relied  upon  to  two  or  three 
parts  in  100,000,  and  we  conclude  that  the  percentage  of  cadmium  in  the 
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cadsuam  chloride  we  had  was  61.217,  with  a  probable  error  of  not  over 
two  in  the  last  decimal  place.  We  question  whether  any  method  of  anal- 
lysis  has  been  tested  as  rigidly  as  we  have  tested  the  method  we  used. 

In  our  preliminary  work  we  were  unable  to  fuse  cadmium  chloride  in 
a  platinum  tube  in  an  atmosphere  of  hydrochloric  acid  gas  without  a 
^measurable  loss  of  platinum.  But  we  found  that  with  proper  precautions 
kjBiis  operation  could  be  carried  ou€  in  a  quartz  tube.  Baxter  and  Hart- 
pnan  called  attention  to  this  part  of  our  work  and  concluded  from  a  loss 
^  one  of  our  experiments  of  2.9  mg.  of  platinum  that  we  probably  had  air 
|(oxygen)  in  our  hydrochloric  add  gas.  We  were  using  a  Smith  crucible 
fwith  a  much  larger  surface  than  an  ordinary  platinum  boat,  but  aside 
this  the  statements  of  Baxter  and  Hartman  are  quite  misleading. 
ly  took  the  value  2.9  from  a  table  recording  five  experiments.  The 
were  from  2.9  to  0.6  mg.  of  platinum.  The  loss  with  new  platinum 
large  but  decreased  with  use.  This  is  ten  times  as  large  as  the  figures 
in  Baxter  and  Hartman's  paper.  In  our  method  of  preparing  the 
[oric  add  we  took  precaution  to  exdude  air,  all  of  the  joints  of  the 
itus  were  glass  or  glass  sealed,  and  that  it  was  gas  tight  when 
ited  was  proven  in-  each  case.  In  fusing  the  cadmium  chloride  in  a 
tube  we  found  no  measurable  loss  in  the  weight  of  the  tube. 
In  the  work  of  Laird  and  Hulett^  a  cadmium  coulometer  was  devdoped 
used  a  mercury  cathode  in  an  amalgamated  platinum  cup.  There 
be  no  indusions  in  the  cadmium  deposited  in  mercury,  while  the 
ig  and  handling  of  the  amalgam  had  the  advantages  of  avoiding  the 
of  the  dectrolyte  between  the  mercury  cathode  and  the  cup.  This 
^ter  was  used  in  series  with  a  silver  coulometer  and  the  cadmium 
silver  deposited  by  the  same  current  showed  a  value  of  1 12.31  as  the 
lie  weight  of  cadmium  if  we  take  the  accepted  value  for  silver, 
and  Hartman  remark  that  it  is  not  easy  to  obtain  a  coulometer 
deposit  in  which  the  proportion  of  indusions  is  known.  We  must 
dedded  exception  to  this  statement,  as  this  work  was  done  in  con- 
ion  with  an  extended  investigation  of  the  indusions  in  dectrolytic 
We  devdoped  a  direct  method  for  determining  these  indusions 
in  the  silver  coulometer  as  used  by  us  at  that  time  the  inclusions 
4.6  parts  in  100,000  with  a  probable  variation  of  about  0.5  part, 
thermore  we  made  allowance  for  the  inclusions  in  oiu*  dectrolytic 
as  stated  in  the  article  referred  to  by  Baxter  and  Hartman.  This 
tion  of  indusions  in  electrolytic  silver  is  one  which  we  will  take  up 
detail  later,  although  it  is  too  small  to  be  of  significance  as  far  as  the 

dc  weight  of  cadmium  is  concerned. 
The  first  work  done  by  us*  after  we  had  developed  our  method  of  de- 

^  Trans.  Am.  Electrochem.  Soc,,  22,  385. 

'  Perdue  and  Hulett,  /.  Phys.  Chtm.,  25, 1579. 
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termining  cadmium  deposited  in  mercury,  was  an  analysis  of  cadmiuB 
sulfate  crystals.  Cadmium  sulfate  crystallizes  with  8/3  molecules  of 
water  and  forms  most  remarkably  perfect  and  dear  crystals.  The'  salt  s 
not  isomorphous  with  other  substances  and  so  offers  an  exceptional  method 
of  ptuif3dng  the  substance.  The  crystals  are  water-dear  and  do  not  shovj 
indusions  under  highest  magnification.  They  are  very  stable 
ndther  seeming  to  effloresce  nor  deliquesce  in  ordinary  dry  air.  Wi 
observed  the  weight  of  a  large  crystal  (5  g.)  for  a  period  of  several 
and  found  no  measurable  change  in  weight,  although  we  could  have 
tected  0.01-0.02  mg.  The  crystal  remained  in  the  balance  case  di 
this  period.  This  seemed  remarkable  at  first,  but  it  is  quite  possible 
a  perfectly  pure  hydrated  salt  may  not  have  a  definite  vapor  pi 
This  would  follow  from  the  phase  rule;  if  we  had  only  vapor  and 
8/3  HsO  there  would  be  two  phases  and  two  components,  so  it  would 
quire  the  presence  of  another  hydrate  or  the  anhydrous  salt  fcxr  eqi 
rium.  In  other  words,  we  would  not  necessarily  be  restricted  to  a 
ticular  pressure  for  a  given  temperature;  in  fact  the  salt  appeared  to 
to  behave  much  like  a  supercooled  liquid.  Various  samples  of  this 
fully  crystallized  salt  were  analyzed  by  depositing  the  cadmium  in 
mercury  cathode  as  described  above.  The  results  were  yery  concordi 
and  gave  the  value  1 12.3.  We  did  not  place  much  reliance  on  this  vali 
as  the  determination  of  atomic  wdght  by  using  a  hydrated  salt  is  of 
questionable.  Professor  Richards^  has  pointed  out  that  there  are  alwa] 
indusions  of  mother  Uquor  in  crystals,  also  he  suggested  the  possibi 
of  the  solubility  of  water  in  these  crystals.  Both  of  these  things  are 
course  possible,  but  as  far  as  the  indusion  of  electrolyte  is  concerned 
was  impossible  to  detect  its  presence  by  the  use  of  a  microscope; 
more  it  might  be  pointed  out  that  cadmium  sulfate  is  a  very  soluble 
and  the  percentage  of  water  in  the  saturated  solution  is  not  much 
twice  that  in  the  oystals  so  that  it  would  require  indusions  amounting 
one  part  in  five  hundred  to  affect  the  atomic  wdght  of  cadmium  by  as  mi 
as  the  amount  in  question.  It  is  of  cotu'se  possible  that  there  is  a 
solubility  of  water  in  these  crystals,  since  we  must  assume  that  eveqfj 
substance  is  soluble  in  every  other  substance,  and  there  may  have 
a  distribution  of  water  between  the  solution  and  the  crystals  which 
tend  to  give  too  small  a  percentage  to  the  cadmium  in  the  crystals, 
this  argument  will  sdso  work  in  the  other  direction,  since  we  must  adj 
that  the  solute  is  also  soluble  in  the  crystals,  and  this  would  tend  to  gzwi: 
too  great  a  percentage  of  cadmium  in  the  crystals.  There  is,  however,  iiQ|j 
definite  information  on  these  points  and  so  we  merely  regard  the  analyst, 
of  the  crystals  as  interesting. 

PsmcBToif.  N.  J. 
*  Tbis  Journai^,  33,  888  (191 1). 
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THE  SOLUBILITT-PRODUCT  CONSTANT  OF  CALCIUM  AND 

MAGNESIUM  CARBONATES. 

By  Jobn  Johnstom. 
Received  June  17,  1915. 

In  connection  with  certain  calculations  undertaken  primarily  to  .ascer- 
tain what  degree  of  purity  of  magnesium  carbonate  might  be  expected 
if  it  were  deposited  by  evaporation  at  constant  temperature^  of  a  solu- 
tion containing  both  magnesium  and  calcitmi  carbonates,  it  became  neces- 
sary to  determine  the  appropriate  solubility-product  constants.^  Values 
of  these  quantities  were  calculated  some  years  ago  by  Bodlander,'  but 
ithese  must  now  be  revised  because  some  of  the  constants  employed  by 
iUm  are  now  known  to  be  erroneous.  Bodlander's  calculations  for  cal- 
carbonate  were  revised  later  by  Stieglitz,'  in  connection  with  calcu- 
itions  relative  to  the  effect  of  a  change  in  the  amount  of  carbon  dioxide 
the  atmosphere  upon  the  proportion  of  calcium  carbonate  in  gypstmi 
^posited  by  the  evaporation  at  constant  temperature  of  solutions  {e.  g., 
water)  containing  both.  The  available  data  have  now  all  been  re- 
[computed  so  as  to  obtain  really  comparable  values  of  these  solubility- 
ict  constants  which  should  be  consonant  with  present-day  knowl- 
of  the  various  quantities  involved  in  the  calculations.  With  a  knowl- 
of  these  constants  one  can  make  certain  deductions  which  are  im- 
it  in  relation  to  the  question  of  the  nature  and  character  of  the 
lid  deposited  when  solutions  containing  both  carbonates  are  evaporated 

The  constant  cannot  be  obtained  directly  from  observations  on  the 
hbility  of  the  carbonate  MCOj  in  pure  water  for  two  reasons:  (i)  be- 
of  the  hydrolysis,  the  amount  of  which  is  in  the  first  instance  un- 
;  (2)  because,  as  will  be  shown  later,  there  cannot  be  true  equilib- 
except  the  solution  be  in  contact,  and  have  come  to  equilibritun, 
a  definite  partial  pressure  of  CO2  which  must  be  measured.  But  if 
the  partial  presstu'e  of  CO2  is  known,  and  the  concentration  of  the  satura- 
ted solution  in  contact  with  it  (and  with  a  definite  soUd  phase)  is  deter- 
Joined,  the  solubiUty-product  constant  can  readily  be  calculated.  The 
.equilibrium  between  the  solid  carbonate  MCOs,  the  solution,  and  an  atmos- 

*  For  a  thorough  discussion  of  this  quantity  see  a  series  of  7  papers  entitled  "The 
Meet  of  Salts  on  the  Solubility  of  Other  Salts,"  by  A.  A.  Noyes,  W.  C.  Bray,  W.  D. 
Baridns,  and  others.  This  Journal,  33,  1643-86,  1807-73  (191 1). 

'BOdlander,  Z,  physik.  Chem.,  35,  23  (1900). 

'Stieglitz,  "The  Relations  of. Equilibrium  between  the  Carbon  Dioxide  of  the 
Atmosphere  and  the  Calcium  Sulphate,  Calcium  Carbonate,  and  Calcium  Bicarbonate 
«  Water  Scrfutions  in  Contact  with  it."  In  "The  Tidal  and  Other  Problems"  by  T.  C. 
Qumbertin  et  al.,  Carnegie  Inst.  Publ.  No.  107  (1909).  This  paper  is  not  so  widely 
^^'^own  as  it  deserves  to  be,  probably  because  no  one  would  look  in  such  a  book  for  a 
iBper  dealing  with  such  a  topic. 
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phere  in  which  the  partial  pressure  of  C0«  is  P,  is  deteAnined  completely 
by  the  following  four  equations,  in  all  of  which,  and  throughout  this  paper, 
symbols  such  as  [M]  represent  the  molar  concentration  of  the  species 
denoted  by  the  symbol  enclosed  within  the  brackets: 

(I).     [M++][CO,-]  =  Km 
(II).     [H,CO,]  =  Jb'iCO,]  =  c'P 
mi\     [H+HHCO,-]       . 

^^^^-   iHCoFT  ~  ' 

(I)  defines  the  solubility  product /Cm,  which  we  wish  to  calculate;  (II) 
expresses  the  equilibrium  between  the  undissodated  dissolved  carbonic 
add  and  the  partial  pressure  P  of  the  CO2  in  contact  with  the  solution; 
while  (III)  and  (IV)  define,  respectively,  the  first  and  second  ionization  con- 
stants  of  carbonic  add  in  aqueous  solution.  At  a  given  temperature 
the  values  of  ki  and  ki,  which  are  invariable,  axe  known;  the  quantity 
c\  which  is  a  measure  of  the  solubility  of  CO2  in  the  solution,  varies,  how- 
ever, with  the  salt  concentration  of  the  solution.  We  shall  now  pro- 
ceed to  evaluate  these  constants. 

The  Solubility  of  CO2  in  Water  and  Salt  Solutions. 

The  absorption-coefiicient  a  of  a  gas,  as  given  in  tables  of  constants, 

is  defined  as  the  ratio  of  the  volume  of  the  gas  dissolved  (reduced  always 

to  0°)  to  the  voliune  of  the  water  ;^  this  ratio  is,  in  accordance  with  Henry's 

law,  independent  of  the  pressure  so  long  as  the  latter  is  not  too  high. 

aP 
The  molar  concentration  of  the  dissolved  gas  is  then ,  when  P  is  ex- 

22.4 
pressed  in  atmospheres;  for  a/22 .4  we  shall  write  c.  Now  if  we  say  that 
the  concentration  of  un-ionized  carbonic  add  IH2CO8]  =  cP,  we  make 
the  tacit  assumption  that  none  of  the  CO2  exists  as  such  in  the  solution, 
that  all  of  it — apart  from  the  ions — is  present  as  the  hydrate  HjCOj. 
But,  strictly  speaking,  the  H2CO8  (which,  of  course,  is  also  in  equilibrium 
with  its  ionization  products)  is  in  equilibrium  with  the  002  existing  as 
such  in  solution  and  this  in  turn  with  the  CO2  in  the  gas  phase;  t.  e.,  if  n 
is  the  proportion  of  the  total  CO2  in  solution  existing  as  H2CO8, 
[H2CO3]/  [CO2],  =  w/(i— «),  and  [CO2],  =  w[C02].  On  the  other 
hand,  as  actually  measured, 

Ci  =  — - — 'i,-  / — ^and  therefore,  from  the  above,  Ci  =       '^  '   ~. 
[CO2J  l^-OjJ    n 

^  Some  authors  give  the  solubility  of  the  gas,  which  is  the  actual  volume  of  gas 
at  the  temperature  in  question  absorbed  by  one  volume  of  water;  care  must  be  taken 
to  distinguish  these  two  quantities.  .a 
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The  value  of  n  is  not  known,  but  Walker  and  Cormack^  from  a  discus- 
skm  of  the  matter,  conclude  that  at  18°  it  is  almost  certainly  greater 
than  0.5.     We  shall  therefore  write 

(V).     [HjCOa]  =  nk  [CO2]  =  ncP 

where  c  =  a/22.4,  andn,  the  proportion  of  the  total  C02  in  solution  ex- 
isting as  HsCOs,  is  greater  than  0.5;  we  retain  it,  though  it  is  unknown, 
in  order  to  bring  out  the  fact  that  the  absolute  value  of  certain  of  our 
constants  depends  upon  the  value  assigned  to  n. 

The  absorption  of  CO2  by  water  and  aqueous  solutions  has  been  studied 
by  several  investigators  with  results  which  are  satisfactorily  concordant. 
Bohr*  determined  it  in  water  and  in  two  solutions  of  NaCl — ^respectively 
1. 17  and  3.44  AT — at  temperattu'es  ranging  up  to  about  60®;  GeflFcken* 
le  measurements  at  15^  and  25°  of  the  solubility  in  0.5  and  1.0  N 
lutions  of  a  few  salts  and  common  acids.  The  change  of  absorption- 
ident  is  nearly  proportional  to  the  salt  concentration,  and  varies 
Ltively  little  from  one  salt  to  another.  It  is  more  nearly  linear,  and 
ries  less  for  the  several  salts,  when  it  is  plotted  against  the  ion-concen- 
^tration  of  the  solutions — as  indeed  we  should  expect  since  the  propor- 
tion of  un>ionized  salt  is  small;  but  the  existing  data  are  too  scanty  to 
admit  of  any  very  strict  generalization  of  this  character.  In  the  present 
[Vork  it  was  assumed  that  the  absorption-coefficient  of  COs  in  the  car- 
ite  solutions  is  the  same  as  in  sodium  chloride  of  the  same  equivalent 
icentration;  this  mode  of  calculation  leads  to  practically  the  same  re- 
It  as  calculation  on  the  basis  of  equality  of  absorption  in  solutions  of 
ion-concentration,  and  is  simpler  to  carry  out.  The  coefficients 
used  are  given  in  the  appropriate  place;  they  were  read  from 
drawn  on  the  basis  of  values  interpolated  from  a  large  scale  plot 
Bohr's  results  in  water  and  solutions  of  NaCl,  as  follows: 
Values  op  c  »  eK/22.4,  whkrb  a  is  the  Absorption  Coefficient  op  COi. 

Temperature. 

3.5 
13 

16 

25 
30 
40 

The  next  step  is  to  obtain  the  value  of  ki  and  ki,  or  more  particularly 
^  the  ratio  Jfei/fe,  which  is  obtained  directly  from  McCoy's*  work  on 
the  carbonate*bicarbonate  equilibritun. 

*  Walker  and  Cormack,  /.  Chem.  Soc.,  77,  13-14  (1900);  see  also  Walker,  Ibid., 
L%i  182  (1903). 

*  C.  Bohr,  Ann.  Physik,  68,  500  (1899). 

*  G.  Geffcken,  Z.  physik.  Chem.,  49,  257  (1904). 
•H.  N.  McCoy,  Am.  Chem.  J.,  29,  437  (1903). 


In  water. 

In  1.17  Absolution. 

In  3.44  N  solution. 

0.0672 

0.0484 

0.0270 

0.0500 

0.0367 

0.0213 

0.0441 

0.0328 

0.0193 

0.0338 

0.0260 

0.0159 

0.0297 

0.0232 

0.0142 

0.0236 

0.0185 

0.0117 
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The  Carbonate-Bicarbonate  Equilibiium. 
On  dividing  Equation  III  by  Equation  IV  we  obtain 
■     fvi)  [HCO,-]'        _  fe.  _ 

the  ratio  of  the  first  to  the  second  ionization  constant  of  HiCO*; 
by  combination  with  V 

ins  of  Equation  VII  values  of  nr  can  be  calculated  from  McCoy's 

the  equilibriiun  at  35"  between  sodium  bicarbonate  and  carbonate 
K)us  solutions  in  contact  with  a  measured  partial  pressure  (P) 
Such  calculations  were  made  by  McCoy;  in  the  present  calcula- 
rrections  which  were  indicated  by  McCoy,  but  not  carried  out, 
£n  made  for  the  change  of  solubility  of  COi  in  salt  solutions  and. 
degree  of  ionization  of  the  salts. ^    The  latter  correction  was  made 

basis  of  the  principle,  now  well  established],'  that'  the  degree  of 
on  of  a  salt  in  a  mixture  is  sensibly  equal  to  that  of  a  salt  of  the 
alence  type  at  the  same  total  ion-concentration;  this  is,  at  the 

more  accurate  procedure  than  the  direct  calculation  from  the  con- 
y  of  solutions  of  sodium  carbonate  or  bicarbonate,  on  account  of 
iplexity  of  the  solutions  and  the  consequent  difficulty  of  interiHC' 
i  results. 

ay  made  three  series  of  determinations,  all  at  35°,  the  results  of 
ire  reproduced  in  Table  I ;  in  these  three  series  the  total  concentra- 

sodium  was,  respectively,  o.i,  0.3  and  i.oN.  The  values  of  c 
)Iar  absorption  of  COi)  and  of  71  and  yt  (the  degrees  of  ionization 
!COi  and  NaiCOa,  respectively)  which  .were  adopted  follow : 

ToUl  cone,  of  N*.  t.  -n.  y. 

0.1  0.0333  0.81  0,70 

0.3  0.039S  0.76  0.63 

10  0.0333  0.63  0.56 

11  be  observed  that  the  values  of  nr,  which  are  very  satisfactnl^ 
lant  in  each  series,  decrease  with  increasing  concentration;  thii 
e,  which  is  too  large  to  be  due  to  simple  errors  in  the  values  of  e 
adopted,  may  be  attributed  to  failure  of  the  tacit  assumptiou 
and  the  activity  of  the  water  are  constant.*  However  this  may 
.  Stieslitz,  Camepe  Itut.  PiM.,  iVf,  343-5  (1909)- 
!,  for  instance,  publicationa  from  the  laborBtory  of  A.  A-  Noyea. 
may  be  noted  that  if  we  assume  the  relative  demeaae  of  stdubility  of  C0| 
reaae  of  salt  coiicentration  to  be  a  rough  measure  of  the  decrease  in  activitr 
iter  (as  has  been  done  in  attempts  to  estimate  the  extent  of  hydratmi),  ood 
on  this  basis,  the  three  mean  values  of  nr  become  3500,  5330  and  5000,  napeb- 
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be,  we  shall  adopt  here  the  value  of  5600,  which  is  the  extrapolated  value 
at  zero  concentration  when  the  three  above  results  are  plotted;  in  other 
words,  5600  =  nki/k%  where  ki  and  k%  are  the  first  and  second  ionization- 
constants  of  HsCOg. 


I. — Vai«uss  of  nr  « 

[HCO,-]»    ^ 

Calculatsd  from  McCoy's 

Data  01 

[CO«"lcP'' 

CaRBONATS-BiCARBONATS  EQUnjBRIUM  AT 

25  •. 

Cone,  of  total 

Cone,  of  total 

P, 

bicarbonate. 

]HC0i     ] 

eaibonate. 

ICOi-l 

(Atm.) 

X, 

-yi*. 

y. 

-  Vrjny. 

nr. 

A  :  X  4-  y  ■■  O.I. 

O.OOI6I 

0.0682 

0.0552 

0.0318 

O.OIII 

5260 

0.00x59 

0.0690 

0.0559 

0.0310 

0.0109 

5600 

0.00359 

0.0760 

0.0615 

0.0240 

0.0084 

5380 

0.00294 

0.0775 

0.0628 

0.0225 

0.0079 

5300 

0.00322 

0.0781 

0.0633 

0.02Z9 

0.0077 

5040 

0.00404 

0.0818 

0.0662 

0.0182 

0.0064 

5300 

0.0223 

0.0951 

0.0770 

0.0049 

0.0017 

4840* 

0.0749 

0.0985 

0.0798 
B  :x 

0.0015 

+  y  -  0.3. 

0.0005 

5260* 
5300 

0.00319 

0.1737 

0.132 

0.1263 

0.0398 

4650 

0.00583 

0.2037 

0.155 

0.0963 

0.0303 

46x0 

0.01044 

0.2307 

0.176 

0.0693 

0.0218 

46x0 

0.0 

0.2556 

0.194 

0.0444 

0.0140 

4400 

0.0 

0.2664 

0.203 

0.0336 

0.0106 

4770 

0.0 

0.2778 

0.211 
C  :« 

0.0222 

•f  y  -  1 .0. 

0.0070 

4780 
4650 

0.0436 

0.758 

0.492 

0.242 

0.0678 

3510 

0.0624 

0.810 

0.526 

0.190 

0.0533 

3570 

0.I02X 

0.860 

0.559 

0.140 

0.0392 

3350 

0.1682 

0.902 

0.586 

0.098 

0.0274 

3200 

3450 
Walker  and  Cormack,^  from  concordant  determinations  of  the  conduc- 
tivity of  solutions  of  carbonic  add,  concluded  that  at  18^ 

[H+][HCO,-] 


-7 


iriienoe 


fei 


[H,CO,]  +  [C0»], 
3°^  ^  ^°"  at  18' 


=  3.04  X  10-. 


or 


3.4  X  10 


-7 


at  25 


o| 


n  n 

'  Omitted  in  taking  the  mean  because  of  the  small  percentage  accuracy  of  [COi*  ] 
in  those  cases. 

'  Walker  and  Connack,  /.  Chem,  Soc.,  77,  8  (1900). 

■This  value  is  derived  from  that  at  18°  by  means  of  the  van't  Hoff  formula  on 
the  basis  that  the  heat  change  accompanjring  the  reaction  is  2700  cal.  (Lewis 
aad  Randall,  Tms  Journal,  37,  467  (1915).) 
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where  n,  as  before,  is  the  fractional  amount  of  the  total  CO2  in  solution 
existing  in  the  form  of  H2CO8.     Consequently 

,  ki  3.4  X   10-^         W  /:   vx         -11  * 

ki  =  —  =  ^^-^ .— —  =  6  X  10  " 

r  n  5600 

which  is  identical  with  the  result  originally  computed  by  McCoy  (6.0  X 
io"^0,  with  that  (6.4  X  lo-^O  recalculated  from  the  work  of  Shields^ 
on  the  hydrolysis  of  sodium  carbonate,  and  with  that  obtained  by  Auer- 
bach  and  Pick^  (6  X  lo"^^  at  18°)  using  still  other  methods. 

The  above  value  of  nr  was  determined  for  a  temperature  of  25  °,  but  it 
may  be  applied  with  safety  at  other  temperatures  not  too  far  removed 
from  25*^;  in  using  this  value  for  other  temperatures  we  are  tacitly  assum- 
ing that  nr  remains  constant — an  assumption  which,  though  it  may  well 
prove  to  be  far  from  correct,  is  the  best  that  can  be  done  so  long  as  the 
necessary  data  are  unknown. 

The  Solubility-Product  Constant. 

On  substituting  in  Equation  VII  for  [COs"]  its  value  from  Equation 
I  we  obtain  finally 

[M++][HC08-]»  =  nrK^P 
or 

(VIII).    nrK^  =  [M^n^COrl* 

cP 

Thus  the  solubility-product  constant  K^  of  a  carbonate  can  be  calculated 
if  corresponding  values  of  the  quantities  on  the  right  hand  side  of  Equa- 
tion VIII  are  known;  the  factors  in  the  numerator  can  be  derived  from 
measm-ements  of  the  solubiUty  of  the  carbonate  MCOj  in  presence  <rf  ■ 
CO2  at  the  pressiu-e  P  by  (i)  correcting  for  the  (always  small  and  frequently 
negligible)  amount  of  neutral  carbonate  present,'  (2)  multipl3ring  the  con- 
centration of  bicarbonate  so  obtained  by  the  appropriate  value  of  the  de- 
gree of  ionization,  (3)  inserting  the  appropriate  values  of  c  and  P,  and 
working  out.  We  shall  now  proceed  to  some  actual  cases;  but  before 
doing  so,  we  wish  to  point  out  that  the  solubility-product  constant  (like 
the  solubility  itself)  has  no  significance  except  in  relation  to  a  definite 
solid  phase — that  this  quantity  is  not  the  same  for  the  three  known 
forms  of  CaCOa  (calcite,  aragonite,  vaterite)  nor  again  for  MgCQs.3HjO, 

*  Shields,  Z.  physik.  Chem.,  12,  167  (1893). 

*  Auerbach  and  Pick,  "Die  Alkalitat  wasseriger  L5sungen  kohlensaurer  Sake," 
ArheiUn  kais.  Gesundheitsamt.,  38,  243  (191 1). 

'  As  will  be  evident  later,  it  is  not  admissible  to  subtract  (as  Bodlander  did  in  the 
case  of  MgCOs)  a  constant  quantity  corresponding  to  the  saturation  concentratioii 
of  the  neutral  carbonate  as  measured  in  pure  water;  the  latter,  moreover,  is  not  a  definite 
quantity,  ^or  there  can  be  no  equilibrium  except  in  presence  of  a  definite  pressure  of 
COa. 
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MgCQt.HsO  and  MgCOs  except  at  the  transition  point  of  one  form  to 
the  other. 

The  Solubility-Product  Constant  of  Calcium  Carbonate  (Caldte). 

In  this  case  there  is  no  doubt  as  to  the  nature  of  the  solid  phase.  De- 
terminations of  the  solubility  of  CaCOs  at  16?  have  been  made  by  Schloes- 
ing^  at  partial  pressures  of  CO2  ranging  up  to  i  atm.  and  by  Engel*  at 
pressures  from  i  to  6  atm.  Calculations  based  on  their  results  are  pre- 
sented in  Tables  II  and  III. 

The  first  two  columns  of  Table  II  contain  the  actual  measiu'ements 
of  the  partial  pressure  (P,  in  atm.)  and  the  total  concentration  of  calcium 
in  the  solution  (expressed  in  mols  per  liter) ;  the  quantities  in  the  other 
columns  are  derived  from  these,  except  that  the  values  of  the  degree  of 
ionization  (7)  in  the  fourth  column  are  those  (as  derived  from  the  conduc- 
tivity) of  equivalent  solutions  of  calcium  acetate.  In  the  third  column 
are  given  the  corrected  total  concentrations  of  bicarbonate,  from  which, 
by  multiplication  with  the  appropriate  value  of  7,  the  values  of  [HCO3"  ]/2 
tabulated  in  the  fifth  coltunn  were  obtained;  the  sixth  column  gives  the 
total  concentration  of  calcium  ion,  which  =  VslHCOj"]  +  [COj"],  and 
in  the  last  are  the  computed  values  of  the  constant  nrKo^, 

Tabls  II. — Caixulations  on  thb  Basis  of  Schi^oesing's  Data  on  thb  Solubh^ity 
OF  Caixttb  m  Water  Containing  cP  Mols  COj  at  16®;  c  =  0.0441. 

«riCca. 

5.36  X  IO-* 

4.95 

4-99 

4.79 
5.28 

5  10 
5  36 
5.57 
5-39 
5.60 

552 
5.56 
5.30  X  lO"* 


P. 

Total  (Ca]. 

Total  Ca(HCOi)i. 

(Atm.) 

Molsl  1. 

Mols  1  L 

0.000504 

0.000746 

0.000731 

0.000808 

0.000850 

0.000837 

0.00333 

0.001372 

0.001364 

0.01387 

0.002231 

0.002226 

0.02820 

0.002965 

0.002961 

0.05008 

0.003600 

0.003597 

0.1422 

0.005330 

0.005328 

0.2538 

0.006634 

0.006632 

0.4167 

0.007875 

0.007874 

0.5533 

0.008855 

0.008854 

0.7297 

0.00972 

0.00972 

0.9841 

0.01086 

0.01086 

7.  VtlHCO.  ].   [Ca^^]. 

0.906  0.000663   0.000678 

0.904  0.000757  0.000770 

0.890  O.OOI214  0.001222 

0.870  0.001940  0.001945 

0.856  0.002537  O.OO254X 

'0.844  0.003045 

0.822  0.00438 

O.811  0.00538 

0.798  0.00628 

0.790  0.00699 

0.785  0.00763 

0.778  0.00845 


0.003048 

0.00438 

0.00538 

0.00628 

0.00699 

0.00763 

0.00845 


Tabls  III. — Calculations  on  the  Basis  of  Engel's  Data  on  the  Solubility  of 

CalciTe  in  Water  Containing  cP  Mols  COi  at  16*. 


p. 

(Atm.) 

Total  [Ca]. 
MobIL 

c. 

y- 

ICa 

i'*^]-i/f[HC0i" 

"J.     wr^Ca. 

I 

0.01085 

0.0439 

0.778 

0.00844 

5.48  X  io-» 

2 

O.OI411 

0.0438 

0.756 

0.01066 

5-53 

-  4 

0.01834 

0.0437 

0.730 

0.01338 

5.48 

6 

0.02139 

• 

0.0437 

0.713 

0.01525 

5.41 

5.47  X^Q-^ 

;,  Compt.  rend.,  74,  1552;  75f  70  (1872). 
'  Eogd,  Ann,  Mm,  phys.,  [6]  x^,  348  (1888), 
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A  word  is  necessary  as  to  the  method  of  correcting  for  the  neutral  car* 
bonate  present — the  correction  namely  (=    [COg"]),  applied  in  deriinngi 
the  numbers  in  the  third  column  from  those  in  the  second.    From  Equa* 
tion  VII  [HC0a"]V[C03"]  =  nrcP  =  247P  at  16**;  and  consequently! 
if  an  approximate  value  of  [HCOg'*']  is  known  in  advance,  the  conoentra* , 
tion  of  [COs"  ]  (which  relatively  is  always  small)  can  be  estimated.     Thus 
in  the  most  dilute  solution  (where  the  correction  is  greatest)  of  Table  II, 
the   correction   is    (o.ooi34)V247  X  0.0005  =  0.000015.^    It  can   also 
be  obtained  directly  as  soon  as  a  rough  value  of  the  solubility-product ; 
constant  [Ca++][CO»"]  is  ascertained.    The  amount  of  this  correctioa 
in  all  the  solutions  is  evident  by  subtracting  the  figures  in  Column  3  j 
(or  5)  from  those  in  Column  2  (or  6) ;  in  the  stronger  solutions  it  is  ob-  \ 
vioudy  entirely  negligible. 

Table  III  is  identical  in  arrangement  with  Table  II,  except  that  the 
relative  absorption-coefficients  of  CO2  are  given  in  the  third  column;  in 
this  case  the  correction  for  neutral  carbonate  is  entirely  n^ligible,  so 
that  the  total  concentrations  of  bicarbonate  are  identical  with  the  experi- 
mentally determined  concentrations  in  the  second  column. 

The  constancy  of  the  values  tabulated  in  the  last  column  is  surprisingly 
good,  especially  in  view  of  the  fact  that  P  ranges  from  0.0005  ^to* 
(slightly  greater  than  the  amount  ordinarily  present  in  the  air)  to  6  atm.; 
in  other  words,  the  product  remains  constant  even  when  the  concentra- 
tion of  one  of  the  factors  in  the  equilibrium  changes  as  much  as  ten  thou- 
sandfold. The  mean  value  derived  from  the  stronger  solutions  (where 
the  experimental  accuracy  is  greatest)  is  5 .  50  X  io~*,  a  value  from  which 
we  can  calculate  with  confidence  the  solubility  of  caldte  in  water  at  16* 
saturated  with  CO2  at  any  pressure  up  to  that  at  which  calcium  bicar- 
bonate would  begin  to  appear  as  solid  phase  at  this  temperature. 
Accordingly    the    solubility-product    constant    of    caldte    at     16^    is 

[Ca++][COa"]  =  ATca  =  ^^~--i^'  =  0.98  X  lo-^.     It  is  of  Kttle  use 

5600 

to  compare  this  with  the  "solubility  in  pure  water"*  because,  except  there 

be  no  vapor  phase,  the  latter  is  meaningless  except  in  rdation  to  a  definite 

partial  pressm-e  of  COj;'  for  a  definite  concentration  of  CO2,  in  accordance 

with  Equations  VI  and  VII,  can  exist  in  equilibrium  only  with  definite 

^  This  is  just  about  9%  of  the  quantity  which  has  been  considered  to  represent 
the  solubility  of  CaCOs  in  pure  water.  Prom  this  correction  the  extent  of  hydrolysis 
in  the  several  solutions  can  obviously  be  readily  calculated. 

'  The  most  recent  determinations  of  this  quantity  are  by  Kendall  (PhU.  Mai., 
*3>  957  (1912)),  who  found  at  25**,  50®  and  100®,  respectively,  14.3,  15.0  and  17-8 
mg.  CaCOt  per  liter.  There  is  of  course  no  asstuance  that  the  partial  pressure  of  COi 
was  actually  the  same  at  all  temperatures,  so  that  these  values  are  not  necessarily 
9ven  comparable  with  one  another. 

»  See  Table  IV.,  posiea. 
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concentrations  of  HCOs"  and  HtCOs,  and  the  latter  in  turn  requires  a 
definite  partial  pressure  of  COs.^ 

Determinations  of  the  amount  of  CaCOs  in  solution  in  presence  of  COs 
have  also  been  made  by  others.  Treadwell  and  Renter*  made  very 
painstaking  analyses  of  a  series  of  such  solutions  at  15  ^,  but — as  is  obvious 
from  a  perusal  of  their  mode  of  workings— rdid  not  secure  equilibritun 
conditions,  a  fact  which  is  borne  out  by  the  lack  of  constancy  of  the  cal- 
culated solubility-product  constant.  Quite  recently  Leather  and  Sen* 
made  series  of  determinations  at  a  number  of  temperatures  between 
15^  and  40^;  their  solutions  may  have  attained  equilibritun,  but  their 
mode  of  analysis  is  tmsatisfactory.^  This  was  confirmed  by  the  calcula- 
tions, which  yielded  very  irregular  results;  the  most  that  one  can  de- 
duce from  them  is  that  the  solubility-product  constant  of  calcite  probably 
decreases  somewhat  with  the  temperature,  becoming  apparently  about 
0.5  X  lo"'  at  40**. 

Seyler  and  Lloyd*  have  also  made  a  series  of  determinations  of  the 
equilibrium  between  solid  calcium  carbonate  and  water  and  certain 
dSute  salt  solutions  containing  excess  of  carbon  dioxide;  they  kept  the 
solutions,  which  were  shaken  occasionally,  for  long  periods  in  stoppered 
bottles  completely  filled  with  liquid,  and  ascertained  by  titration  the 
concentration  of  free  CO2  and  of  the  dissolved  carbonate.  Unfortunately, 
however,  their  experiments  were  carried  out  at  **the  temperature  of  the 
laboratory;"  nevertheless  despite  this  indefiniteness,  it  seemed  worth 
while  to  include  their  results  (which  have  been  recalculated  so  as  to 
conform  with  the  others  presented  in  this  paper)  because  these  demon- 
strate that  the  solubility-product  constant  of  calcite  is  not  affected  by 
the  presence  in  the  solution  of  small  excess  amotmts  of  added  Ca"*^  (as 
CaCl,  or  CaSO*)  or  HCOg"  (as  NaHCOa).  In  this  case  wrK'ca  =  [Ca"*"^] 
[HC03""]V[H2CO»],  where  [HjCO,]  is  the  concentration  of  free  CO2  in 
solution  as  determined  by  titration;  as  is  evident  from  the  table  its  value 
varies  about  a  mean,  the  general  average  being  4.80  X  io~*.  Conse- 
quently Kc^  =  ^ ^^—  =  0.86  X  io~*  at  the  "temperature  of  the 

5600 

^  Similar  remarks  with  respect  to  the  equilibrium  between  sodium  carbonate  and 
bicaibonate  were  made  by  McCoy  {Am,  Chem.  J.,  29,  456£F.  (1903)). 

*  Treadwell  and  Reuter,  Z.  anorg.  Chem,,  17,  170  (1898). 

'  Leather  and  Sen,  Memoirs  Dept.  Agric.  India,  Chem.  Series,  x,  No.  7  (1909). 

'  One  obvious  error  is  a  loss  of  COs,  because  in  some  cases  especially  in  similar  yrack 
with  MgCOs  (see  postea),  the  total  COa  in  solution,  as  given  in  their  tables,  is  insuffi- 
cient to  convert  all  of  the  base  present  to  bicarbonate.  As  McCoy  notes  (Am.  Chem, 
J.,  39,  444  (1903))  "Carbon  dioxide  may  readily  be  lost  from  solutions  rich  in  bicar- 
booate,  if  care  be  not  taken  to  render  them  alkaline  at  once.  Low  results  were 
invariably  obtained  when  the  bicarbonate  solutions  were  measured  into  beakers  and 
allowed  to  stand,  even  for  four  or  five  minutes,  before  adding  an  excess  of  alkali." 

*  Seyler  and  Lloyd,  J,  Chem,  Soc.,  95,  1347  (1909). 
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laboratory/'  whence  one  might  deduce  that  this  temperature  was  about 
20^.    Seyler  and  Lloyd  also  investigated  the  effect  of  the  presence  of 
small  amount  of  a  salt  (NaCl,  Na2S04,  MgSOi)  containing  no  ion  in  coiii>^ 
mon  with  calcium  carbonate,  and  foimd  an  increase  in  the  total  caki 
dtun  in  solution,  in  qualitative  agreement  with  theory;  by  allowing  focj 
the  undissociated  fraction  of  the  several  salts  present  one  could  ind< 
calcidate  the  solubiUty-product  constant  in  these  cases  too,  but  sach  csi^n 
culations  would  have  Uttle  value  by  reason  of  the  paucity  and  uncer* 
tainty  of  the  experimental  data. 
Tabim  Ilia. — Calculatioks  on  ths  Basis  of  the  Rssdlts  of  Ssrum  and 

ON  THB  SOLUBnjTY  OF  CaI^CTTS  IN  WaTSR  AND  DiLUTB  SaLT  SOLUTIONS 

TAiNiNG  Fuse  COi. 

J  Galas       Cone,  of  [Ca"^"*"]  from     [Ca"*"*"]         >^^^^^ 

carbon-  added  salt.  bicarbonate        from  1  11 

[HbCOi].  ate.  Mols  |  L         y^.         Tr   -  VtlHCO«-l.  added  salt  (Ca^^'. 

Without  added  salt. 

0.00269   0.00370      0.845      ...      0.00313  0.00313 

0.00414      0.840      ...      0.00348  0.00348 

0.00604      0.816      ...      0.00492  0.00492 

0.00657      0.810      ...      0.00532  0.00532 

In  presencse  of  CaCls. 
0.00395   0.00306   0.00625   0.788   0.788   0.00242   0.00493   0.00735 

In  presence  of  CaS04. 

0.00104  0.00244  0.00119  0.848   0.665   0.00207   0.00079  0.00286 

0.00181  0.00304  0.00119  0.838   0.647   0.00255   0.00077  0.00332 

0.00206  0.00316  0.00119  0.837   0.644  0.00265   0.00077  0.00342 

0.00315  0.00362  0.00119  0.831    0.633   0.00301    0.00076  0.00377 

0.00455  0.00441  0.00119  0.821    0.615   0.00362   0.00073  0.00435 

0.00656  0.00492  0.00119  0.815   0.605   0.00401    0.00072  0.00473 

0.00356  0.00350  0.00312  0.832   0.636   0.00291  0.00198  0.00489 

0.00494  0.00379  0.00625  0.829   0.629   0.00314  0.00394  0.00708 

In  presence  of  NaHCOi. 

0.00475    0.00278   0.00625    0.817    0.817   0.00227   0.00511^  0.00965'  4.45 

0.00406   0.00170   0.0125     0.798   0.798   0.00136   o.oiooo^  0.01272*  5.43 

General  mean,  4. So  X  JO* 

A  knowledge  of  these  constants  renders  unnecessary  experimental 

such  as  that  of  Keiser  and  McMaster,'  who  investigated  the  ratio  of 

excess  of  COs  in  solution  to  the  amount  of  CaCOs.    And  the  fact  of  .tUs 

constancy  is  suflScient  reply  to  statements  such  as  the  following:     "Whik 

there  is  some  evidence  which  supports  the  view  that  calcium  bicarbonate 

exists  in  the  dissolved  state,  the  observed  facts  can  be  regarded  just  as  i 

logically  and  more  conveniently  as  the  result  of  the  specific  solvent  power  ] 

of  the  carbon  dioxide-water  mixture.*'* 

1  IHCO|-]  from  added  salt. 

•Total  [HCOr]. 

'  Keiser  and  McMaster,  Tms  Journal,  30,  17 14  (1908). 

<  Cam^oji  wd  Kobinsoni  J^Physk,  Chem,,  ja,  573  (J908). 


4.56  X  10' 
4.66 
4.76 
5.28 

4- 36 

4.71 
4-77 
4.66 

4-34 
5.01 

4.64 

4.65 

5.66 
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The  Solubility  of  Caldte  in  Water  in  Contact  with  the  Atmosphere. 

The  amount  of  calcium  carbonate  which  will  dissolve  in  water  in  contact 
with  the  air,  and  the  variation  of  this  solubility  with  the  COs  content 
of  the  air,  are  of  very  great  importance  in  connection  with  a  number  of 
geological  processes  of  very  widespread  occurrence.  The  saturated 
sohition  of  caldte  tmder  thiese  conditions  is  so  dilute  that  the  concentra- 
tion of  COs*  (and  even  of  0H~")  is  not  negUgible  in  stmiming  up  the  total 
concentration  of  negative  ions;  consequently  the  calculations  can  be 
carried  out  only  by  a  series  of  approximations.  One  has  namely  to  de- 
termine values  of  [Ca"^],  [HCO3-],  [COj"]  and  [0H-],  which  shall  simul- 
taneously satisfy  the  condition 

[Ca-^]  =  V«[HCO,-]  +  [C08-]  +  V2[0H-] 
and  three  of  the  following  equations:^ 

(I).     [Ca++][CO,-]  =  ii'ca  =  0.98  X  io-« 
(VII).     [HCO,-]V[CO,-]  =  nrcP  =  247  P 
(VIII).     [Ca-^][HCO,-]«=  nrKcacP  =  2.425  X  io-*P 
(IX).     [OH-]/[HC03-]  =  KJnkicP  =  3.730  X  iQ-yP 
(X).     [OH-]V[CO,-]  =  K\/fikJZfpP  =  3435  X  iQ-^V^ 
In  order  to  obtain  the  total  concentration  of  calcium  in  the  solution 
from  the  ion-concentrations  obtained  in  this  way  one  must  correct  for  the 
ionization  of  the  Ca(HC03)a;*  this  can  be  done  by  dividing  the  value  of 
•  Vi[HC03~]  by  the  appropriate  fractional  ionization  (71),  the  latter  being 
read  by  inspection  from  a  curve  obtained  by  plotting  the  fractional  ioniza- 
tion— as  derived  from  the  conductivity  of  solutions  of  calcium  acetate — 


against  the  concentration  of  Ca  .  The  results  derived  in  this  way 
for  various  partial  pressures  of  CO2  such  as  may  occur  in  atmospheric 
air  are  presented  in  Table  IV. 

The  amount  of  CO2  in  ordinary  air,  which  is  about  3  parts  in  10,000, 
corresponds,  on  the  basis  of  Table  IV,  to  about  63  parts  CaCOs  per  mil- 
fion;  and,  as  is  evident  from  the  table,  comparatively  small  changes 
in  the  concentration  of  COj  in  the  air  may,  in  nature,  easily  bring  about  the 
station  or  deposition  of  very  large  quantities  of  calcium  carbonate.  Its 
solubility  would  of  course  be  slightly  diflferent  in  natural  waters — springs, 
rivers  or  the  sea;  the  presence  of  other  calcium  salts  would  make  it  smaller 

^  The  numerical  values  refer  to  caldte  at  16°,  where  c  —  0.0441.  Equation  IX 
isobtained  by  combination  of  (III)  and  (V)  with  the  relation  [H+][OH-]  -  Kw  *  0.5  X 
lo-Mat  18  •;  (X)  by  combination  of  (VII)  and  (I3t).  It  may  be  noted  that,  for  the 
purpose  of  these  approximations,  the  various  equations  must  be  absolutely  consistent; 
iMQoe  it  is  necessary  to  retain  a  larger  number  of  figures  than  is  warranted  by  the 
accuracy  of  the  several  constants,  until  the  final  result  is  written  down. 

*  The  concentrations  of  COi""  and  of  QJH"  i^r?  so  spiaU  tji^t  ipt}iz^t)PQ  is  practically 
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by  an  amount  readily  calculable,  while  salts  of  other  radicals  would  oE 
themselves  make  it  somewhat  largier.  It  would  lead  too  far  to  discus 
satisfactorily,  this  question  here,  and  its  bearing  on  a  number 
of  geolbgic  phenomena.*  It  may  be  afiSrmed,  however,  on  the 
of  analyses  cited  by  F.  W.  Clarke,*  that  many  nattu-al  waters  are  siib- 
stantially  sattu-ated  with  calcium  carbonate;  while  it  is  certain  that  the 
surface  layers  of  the  larger  part  of  the  ocean,  except  possibly  in  the 
Arctic  and  Antarctic,  must  in  general  be  substantially  saturated. 

Tabids  IV. — ^The  Calcxtlat^d  SoLUBnjry  of  Calcit«  in  Watbr  at  i6**  in  Contac 

WITH  Air  Containing  the  Partial  Pressure  P  op  COs. 

++.  —  [Cal  as  .  __  Total 

P.  [Ca^^].     i/,[HCO.  J.    71.      Ca(HCOi)«.     [CO.    }.  fOH   ].  [Cal. 

O.O0O2O  0.000509  0.000488  0.919  0,000532  0.000019  1.82  X  10"*  0.000552   55 

0.00025  0.000546  0.000527  0.917  0.000574  0.000018  1.57        0.000593    59 
0.00030  0.000579  0.000561  0.915  0.000613  0.000017  1.40        O.OOO63Z    65 

0.00035  0.000608  0.000591  0.914  0.000647  0.000016  1.26  0.000664  66 

0.00040  0.000635  0.000618  0.913  0.000677  0.000016  1. 15  0.000694  ^ 

0.00045  0.000659  0.000643  0.912  0.000705  0.000015  I -07  0.000721  7a 

0.00050  0.000682  o.ood(S66  0.912  0.000731  0.000014  1. 00  0.000746  75 

The  concentration  of  0H-,  tabulated  in  the  seventh  column  of  Ti 
IV,  which  is  a  mejasure  of  the  alkalinity  of  the  solutions,  increases  wi( 
diminishing  partial  pressure  of  CO2;  indeed  purposive  variation  of 
proportion  of  CO2  over  a  solution  in  contact  with  excess  of  calcium 
bonate  might,  in  some  instances,  prove  a  convenient  method  of  establ 
ing  and  controlling  a  definite  alkalinity  in  the  solution.  Such  an  action 
parently  goes  on  on  a  large  scale  continuously  in  the  sea,  the  alki 
of  which  corresponds  closely  to  that  of  the  sattu-ated  solution  of  Cai 
in  equilibrium  with  air  containing  three  parts  CO2  per  10,000. 

The  Solubility-Product  Constant  of  MgCOa-aHsO  (Nesquehonite)* 

Determinations  were  made  by  Engel*  of  the  equilibrium   beti 

MgCOi.sHjO,  water,  and  (a)  CO2  at  pressures  ranging  up  to  6  atm. 

12°  and  (b)  CO2  at  i   atm.   at  temperatures  ranging  up  50^;' 

1  This  will  be  treated  in  another  paper  now  in  preparation. 
«  F.  W.  Clarke,  "Data  of  Geochemistry,"  U.  S.  Geological  Survey,  BtOl. 
59fF.  (1911). 

*  See  Ruppin,  "Die  Alkalinitat  des  MeerwasseiB,"  Z.  anorg.  Chem.,  66|  isa-^ 
(1910),  who  gives  numerous  references.  | 

*  Bngel,  Ann.  chim.  phys.,  [6]  13,  353,  354  (1888).  He  also  gives  a  series  of  pgi 
liminary  results  for  pressures  ranging  up  to  9  atm.  at  19.5 ^  with  "magnesium  hydo^ 
carbonate"  as  solid  phase,  which  when  calculated  give  quite  a  fair  constant;  tiiese  haeij 
not  been  included  because  the  nature  of  the  solid  phase  at  equilibrium  is  doubtful.       j 

'  Similar  determinations  have  been  published  very  recently  by  Leather  and  SM 
(Memoirs  Dep^.  Agric.  India,  Chem.  Series,  3,  No.  8  (1914);  but-— apart  altogethai 
from  the  circumstance  that  it  is  very  questionable  whether  equilibrium  was  reaH] 
attained  in  their  experiments — their  analytical  results  cannot  be  trusted,  since  th 


p 

(Atm.) 

Total  [Mg]. 

Molsll. 

«. 

0.5 

I 

1.5 

0.255 
0.336 

0.379 

0.0431 
0.0418 
0.0406 

3 

0.417 

0.0399 

3.5 

3 

0.443 
0.474 

0.0393 
0.0388 

4 
6 

0.519 
0.612 

0.0379 
0.0363 

|-[HCOi" 

"1/2. 

«^ifMf, 

0.175 

Z.06 

0.333 

1.05 

0.356 

X.IO 

0.380 

1. 10 

0.297 

1.07 

0.317 

1.09 

0.346 

1.09 

0.404 

1.19 
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form  the  basis  for  the  figures  presented  in  Tables  V  and  VI.  These  tables 
are  identical  in  arrangement  with  Table  III,  as  the  correction  for  [COa"] 
is  absolutely  negligible  at  the  concentrations  in  question;  the  absorption- 
ooefSdent  is  that  for  solutions  of  sodium  chloride  of  equivalent  concentra- 
tion at  the  particular  temperattu-e,  the  fractional  ionization  is  that  of  an 
equivalent  solution  of  magnesium  chloride.^ 

Tabus  V. — Calculationb  on  ths  Basis  o^  Bngkl's  Data  on  th9  Soi^uBnjTv  ov 
MgCOt.3HsO  m  Wat^R  CoNTAmiNO  cP  M0L8  COi  AT  13 "". 

Ionization.  4 

0.686 
0.680 

0.675 
0.673 

'  0.670 
0.669 
0.666 
0.663 

1.08 

^ABui  VI.— Calculations  on  th9  BaSis  of  Enosl's  Data  on  tbs  Solubiuty  or 
MgCX)i.3HsO  IN  Watsr  Containing  c  Mols  COs  at  Sevbral  Tbmpskaturss. 

•  Total  (Mg].  4J.  «    .  -- 

U  MoUIL  c.  y.        [M«++J-lHCOi   1/2.  «r«Mf  •*<. 

3.5  0.433  0.0535  0.673  0.383  1.73 

13  0.336  0.0418  0.680  0.333  1.05 

18  0.263  0.0363  0.686  0.180  0.64 

33  0.337  0.0338  0.690  0.164  0.54 

30  0.187  0.0373  0.700  O.I3I  0.33 

40   '   0.X40      0.0333      0.715      o.ioo       0.18 

50         O.II3        0.0186        0.735        0.083  O.I3 

From  the  last  column  of  Table  V  it  is  evident  that  we  have  a  very  satis- 
factory constant,  a  constancy  which  is  the  more  remarkable  in  view  of 
ihe  fact  that  the  total  ion-concentration  of  the  solution  is  so  large — 
)ve  0.5  M  throughout.  This  constancy  inclines  one  to  the  belief 
t  the  solubility-product  constant  will,  when  the  experimental  results 
be  properly  interpreted,  be  found  to  hold  for  substances,  the  saturated 
«4itions  of  which  are  not  extremely  dilute.*    From  the  mean  value  the 

of  the  total  amount  of  COi  in  the  solution  (as  given  by  them)  to  the  magnesia 
'  very  inegnlar  and  in  many  cases  is  even  less  than  3 .  (Cf .  footnote  4,  p.  3009.)  More- 
over, their  lestdts  when  plotted  direcUy  show  great  inconsistencies.  In  accordance 
;lith  tills  the  calculated  values  of  the  product  nrKi^g  are  very  irregular  and  show  no 
ilRiroadi  to  constancy. 

^  On  the  basis  of  its  value  at  18^  in  each  case;  but  this  introduces  no  appreciable 
^tnor,  amce  the  variation  in  extent  of  ionization  b  very  small  at  temperatures  up  to 
^10*.   (See^  for  instance,  Noyes  and  Johnston,  This  Joxtrnal,  3X9  987  (1909).) 

*  It  may  be  added  that  the  fact  of  this  constancy  is  a  criterion  of  the  substantial 
^lecaaqr  of  the  7  vahses  chosen;  for  a  change  of  3%  in  the  values  assigned  to  y  suffiQos 
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product    i^Mg  =  [Mg"^][C03-]  = 


1.08 
5600 


=  1.93  X  io~*    at    12 


the  solid  phase  is  MgCOs-sHjO.^ 

From  the  numbers  in  the  last  column  of  Table  VI,  the  values  of  tlie| 
solubility-product  constant  were  calculated;  these  are  reproduced  inj 
Table  VII,  alongside  values  calculated  from  an  equation  which  was  de-j 
rived  as  follows:  If  we  integrate  the  well-known  equation  hiK/dT 
Q/RT^  on  the  basis  that  Q  (the  heat  eflFect  of  the  reaction  considered)  isj 
constant  over  the  temperature  range,  we  obtain  InK  =  ( — Q/RT)  +\ 
C,  which  has  the  form  log  K  =  (A/T)  +  B;  or,  in  other  words,  ^ 
values  of  log  K  are  plotted  against  i/7,  the  graph  is  a  straight  line. 
plot  of  the  data  proved  to  be  a  straight  line,  the  equation  to  which  is 

(XI).       log  K  =  (2315/r)  —  II  .870. 

The  agreement  between  the  values  calculated  directly  and  those  derii 
from  Equation  XI  is  very  good,  all  things  considered.      Moreover,  b] 
comparing  the  above  equations,  we  can  calculate  Q — ^namely  Q  =  — 2315; 
2 .  303  R  =  — 10600  cal. ;    that  is,  the  heat  change  corresponding  to 
reaction    MgCOs.3HjO  =  Mg"*"*"  +  C0»"  +  3H2O    is    an    evolution 
10600  cal. 

Tabids  VII.— Thb  SoLUBiLmr-PRODucT   Constant  of  MgCOi.aHiO  at  Vi 

Tbmfbraturbs. 

«Mg  -  [Mg++l[COi-l. 


u 

T. 

Derived  from  Table  VI. 

Calc  from  Bqnation  XL 

3.5 

276.5 

3.09 

X 

IO-* 

3.17  X  10-^ 

12 

285 

1.88 

1.78* 

18 

291 

1. 14 

1. 21 

22 

295 

0.97 

0.95 

30 

303 

0.59 

0.59 

40 

313 

0.32 

0.33 

50 

323 

0.21 

0.20 

The  Solubility  of  MgC03.3HsO  in  Water  in  Contact  with  the  Al 
pherei  and  the  Question  of  Basic  Magnesium  Carbonates. — The  fi] 

in  Table  VII  enable  one  to  calculate,  in  precisely  the  same  way  as  was^ 

to  produce  a  pronounced  trend  in  the  values  of  nritMg-    Conversely,  careful  waft 
this  diaracter  could  be  used  as  a  means  of  determining  the  extent  of  ionization, 
would  be  practically  independent  of  the  assumptions  made  in  the  usual  methods 
deriving  this  quantity.    To  avoid  misconception,  it  may  be  remaiiced  that  the  vbIi 
of  7  as  given  in  the  table  were  all  chosen  before  any  of  the  calculations  of  the  vali 
of  nrKi/ig  were  made. 

^  The  solubility  of  MgCOi.3HsO  in  "pure  water"  is  given  by  Auerbadi  (Z.  Eidt^\ 
irochem.,  zo,  161  (1904))  as  0.0095  mol  per  liter  at  15 ^  0.0087  &t  25 ^  and  0.0071 
35  ^;  but  these  results  are  again  indefinite  for  the  reason  already  pointed  out  (p.  2oo8K| 
In  this  case,  as  it  happens,  the  process  of  hydrolysis  goes  on  quite  slowly  at  ordinary; 
temperatures. 
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done  for  caldte,  the  total  solubility  of  MgCO«.3HsO  at  temperatures  up 
to  50^  in  water  in  contact  with  any  partial  presstu-e  of  COa;  but  in  this 
case  the  sparing  solubility  of  Mg(0H)2  introduces  an  added  complica- 
tioQ  which  enters  whenever  the  partial  pressure  is  reduced  to  a  definite 
limiting  value,  the  magnitude  of  which  depends  upon  the  temperature. 
In  order  to  bring  out  this  point,  which  has  a  very  important  bearing  on 
the  composition  of  basic  carbonates  of  magnesia,  we  shall  make  the  cal- 
culations for  18^  and  partial  pressures  ranging  from  0.0002  to  0.0005 
atnL  One  has  again  to  determine  values  of  [Mg"^"^],  [HCOa""],  [C0«"] 
and  [0H-]  which  shall  satisfy  the  condition  [Mg-^]  =  V,[HCO,-]  + 
(COj"J  +  V«[OH""],  two  of  the  following  equations:^ 

(VII).  [HCO,-]V[CO.-]  =  nrcP  =  229.6  P 

(VIII).  [Mg-^][HCO,-]*  =  nrK^^P  =  2.755  X  io-«P 

(IX).  [OH-]/[HCO,-]  =  KJnkicP  =  4.012  X  lO'^P 

(X).  [OH-]V[CO,-]  =  K\/nkik^P  =  3.694  X  io-"/P 

Vid  either    (I).  [Mg^+JICO,-]  =  i^Mg  =  1.2  X  lo"^ 

or  (XII).  [Mg++][OH-]«  =  1.2  X  10-11    » 

The  choice  between  (I)  and  (XII)  is  not  an  arbitrary  one,  but  depends  upon 
the  value  of  P.  For  by  combination  of  Equations  I  and  X  (or  VIII  and 
IX),  one  obtains  the  relation 

[Mg++][OH-]«  =  ^^^^  =  4433X_io:^»  ^^  ^go^ 

fikikfcP  P 

a  value  which  exceeds  the  product  XII  whenever  P  is  less  than  0.000369. 
Consequently,  when  P  is  less  than  0.000369,  the  soUd  phase  in  equilib- 
rium with  the  solution  at  18**  is  not  MgC08.3H20,  but  Mg(OH)j;  in  other 
words,  this  is  a  type  of  transition  pressure,  both  solid  phases  being  in  equi- 
fibrium  with  the  solution  when  the  CO2  pressure  is  exactly  0.000369  atm. 
This  transition  pressure  increases  rapidly  with  rise  of  temperatiu-e  be- 
cause K\/ftkikt  increases  rapidly  while  K^Jc  varies  little;  the  increase 
cannot,  however,  be  calculated  because  the  rate  of  increase  of  ki  with 
temperature  is  not  known. 

Prom  the  values  of  the  ion-concentrations  computed  by  means  of  the 
above  equations,  the-total  amount  of  magnesium  in  solution  was  obtained 
by  correcting  for  the  ionization  of  Mg(HC08)2  and  MgCOa  at  their  respec- 
tive concentrations.  This  was  done  by  dividing  the  value  of  (a) 
VtlHCOj""]  (6)  [COs*]  by  the  appropriate  fractional  ionization  (71  and  721 
respectively),  which  was  read  from  a  ciu^e  obtained  by  plotting  the  frac- 
tional ionization — as  derived  from  the  conductivity  of  solutions  of  (a) 

^The  numerical  values  refer  to  MgCO|.3HsO  at  \%^\  c  has  been  taken  as  0.041. 
Cf.  p.  2011. 

*This  value  is  the  lower  of  the  two  given  in  Landolt-BGmstein-Roth  Tabellen; 
Hbdne  to  Dttpr6  and  Bialas  (Z.  angew,  Chem.,  16, 55  (1903)). 
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MgCl2  (6)  MgS04 — against  the  concentrations    of  Mg"*^.    The  results 
of  these  calculations  are  presented  in  Table  VIII. 

Tablb  VIII. — The  Calculatbd  Soi,UBn.iTY  of  MgCOi.3HjO  m  Water  at  i8"  n 
Contact  with  Air  Containing  the  Partiai,  Pressxtre'P  of  CQj. 


^^  -  -      [OH-1 

[Mg^^l.    (HCOi    1/2.    [CO»    J.      X10-». 


(MjriM 


1' 
c< 


[MflM 


P.        IMg'J.    (HCOi    1/2.    [CO»    J.      X10-».      71.    Mg(HCOi)«.      7i.        MgCOi. 
0.00020  O.OI275   0.00765   0.000509  3.07   0.827   0.00925    0.505    0.01008    0.01934 

0.00025  0.01454    0.00895    0.000558  2.87    0.820    O.OIO9I  0.495  O.OII26  0.02218 

0.00030  0.01620    O.OIOI7    0.000602  2.72.0.815    0.01247  0.486  0.01238  0.02486 

0.00035  0.01775    O.OII34    0.000640  2.60    0.810    0.01400  0.477  O.OI34I  0.02743 

0.00040  0.01862    O.OI217    0.000644  2.44    0.807    0.01506  0.473  O.OI361  0.02868 

0.00045  0.01906    0.01275    0.000630  2.28    0.805    0.01583  0.470  0.01340  0.02924 

0.00050  0.01947    0.01330    O.QOO616  2.13    0.804    0.01655  0.467  0.01320  0.02976 

The  last  column  gives  the  total  concentration  of  magnesium  in  solu- 
tion at  18^  at  the  several  partial  pressures,  the  solid  phase  in  equilibrium 
with  the  solution  being  MgC08.3H20  at  pressures  above  0.00037,  but 
Mg(0H)2  when  the  pressure  of  COj  is  less  than  0.00037.  Accbrdingly, 
if  we  keep  the  CO2  presstu-e  constant  at  P  and  evaporate  off  the  water 
at  18^  so  slowly  that  equilibrium  conditions  are  continuously  attained, 
we  shall  obtain  the  following  amounts  of  either  Mg(0H)2  or  MgCOs.3H20 
from  one  liter  of  the  solution: 

Tabl9  IX. 

p.  Totid  [Mg]. 

0.00000  0.00015 

0.00020  0.01934 

0.00025  0.02218 

0.0G030  0.02486 

0.00035  0.02743 

0.00040  0.02868 

0.00045  0.02924 

0.00050  0.02976 

If  the  constant  pressure  were  exactly  the  transition  pressure,  both  solid 
phases  would  be  formed;  but  if  it  is  slightly  above  or  below  this  limit, 
either  carbonate  or  hydroxide  would  separate  when  the  water  is  evapo- 
rated off.  At  higher  temperatures  this  transition  pressure  is,  as  noted 
above,  higher. 

From  the  foregoing  it  is  obvious  that  the  ordinary  methods  of  preparing 
magnesium  carbonate  (in  which,  it  is  safe  to  say,  a  state  of  equilibrium 
is  not  attained  continuously)  will  yield  a  product  contaminated  with 
hydroxide,  the  amount  of  which  will  depend  upon  the  mode  of  working 
generally,  and  upon  the  prevailing  partial  pressure  of  CO2  over  the  liquid 
in  partictdar;  moreover,  that  this  contamination  can  be  avoided  completely 
by  working  with  a  partial  pressure  P  greater  than  a  certain  limit.  This 
limit  is  readily  calculable  in  each  partictdar  case  from  the  equations  on 
p.  2015;  and  without  doubt  one  could  easily  devise  a  process  t>f  preparing 


Mg(OH)i. 

ligCOkSBbO. 

0.0087 

1. 13 

1.29 

1.45 
1.60 

•    ' 

•    •    ■    ■ 

3.97 

•    ■    •    « 

4.05 

•    •   •    ■ 
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pure  MgCOa  in  which  one  atmosphere  of  C02  would  suffice  to  prevent 
the  precipitation  of  hydroxide. 

The  quantitative  results  presented  above  may  require  modification  by 
reason  of  the  possible  inaccuracy  of  some  of  the  data  involved;  of  these 
the  one  m^ost  open  to  question  is  the  solubiUty  of  magnesitun  hydroxide  in 
pore  water,  which  wotdd  tend  to  be  found  too  high  owing  to  the  circum- 
stance that  the  amount  of  magnesium  present  in  solution  in  contact  with 
magnesium  hydroxide  is  increased  more  than  a  hmidredfold  when  the 
atmosphere  in  contact  with  the  solution  contains  as  Uttle  as  2  parts  COs 
per  10,000  (see  Table  IX).  Again  the  results  given  are  subject  to  the 
limitation  that  the  only  soUd  phases  are  MgCOs-sHtO  and  Mg(0H)2; 
when  conditions  are  such  that  one  solid  phase  is  MgC08.H20  or  MgCOi, 
the  appropriate  solubiUty-products  (which  at  present  are  not  known, 
and  differ  from  one  another,  except  at  the  mutual  transition  points) 
ffiust  be  employed.  Moreover,  if  within  any  temperature  or  pressure 
range  a  'definite  crystalline  basic  carbonate  should  be  capable  of  stable 
existence  in  contact  with  water,  ^  it  would  have  to  be  taken  into  account 
m  calculations  relative  to  those  conditions.  In  any  case  the  general 
conclusions  derived  from  these  theoretical  considerations  are  in  complete 
accord  with  the  established  behavior  of  magnesium  carbonate,*  and  in 
particular  give  a  rational  way  of  accounting  for  the  well-known  indefinite 
character  of  the  ordinary  basic  carbonates  of  magnesia. 

The  Deposit  from  Solutions  Containing  both  Calcium  and  Magnesium 

Carbonates. 

In  any  solution  saturated  with  respect  to  both  calcite  and  MgCOs.sHiO 

1  the  ratio  of  the  concentrations  of  Mg"^+  and  Ca++  must  have  a  definite 

value;  for  instance,  at  16°,  this  ratio  is 

[Mg-^+]  ^  [Mg-^-^][CO,-]  ^K^^  1.4  X  10-^  ^ 
[Ca++]  [Ca^^][CO,-]  Kc^  i  X  lo"'  ^ 
So  long  as  MgCOs.3HsO  is  the  second  solid  phase  this  value  is  independ^ 
ent  of  the  partial  presstu-e  of  CO2,  and  varies  relatively  httle  with  the 
temperature.  From  the  foregoing  it  follows  that  if  a  solution  contain- 
ing only  caldtun  and  magnesium  carbonates  is  evaporated  down  (or  if 
the  partial  pressure  of  COs  is  gradually  reduced,  or  if  both  things  happen 
amultaneously)  at  16°,  pure  calcium  carbonate^  will  precipitate  so  long 

'This  IS  equivalent  to  the  condition  that  such  a  basic  carbonate  should  have  a 
definite  s(dubility  in  water  or  water  containing  COi,  it  being  the  only  solid  phase  pres- 
ent; this  implies  that  its  molar  solubility  must  be  less  than  ^/i^'^Kh*  where  Kh  is  the 
aolubOity-product  constant  of  Mg(0H)2  at  the  temperature  in  question,  for  otherwise 
Mg(OH)s  would  be  precipitated  and  two  solid  phases  would  be  present. 

'  See,  for  instance,  Abegg's  Handbuch,  II,  a,  66-9  (1907). 

'  Under  certain  circumstances  this  might  come  down  as  aragonite  instead  of  cal- 
cite; but  this  makes  no  difference  in  principle  to  anything  here  stated,  for  the  solu- 
bility of  aragonite  is  apparently  only  about  10%  greater  than  that  of  calcite.  This 
i^iole  question  is  being  taken  up  in  another  paper  now  in  preparation. 
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as  the  above  ratio  is  less  than  14000,  as  it  would  normally  be  in  natutal 
waters,  provided  always  that  the  COs  pressure  is  sufficient  to  prevent 
precipitation  of  magnesiom  hydroxide;  on  the  other  hand,  the  order  of 
precipitation  will  be  reversed  if  the  relative  concentration  of  magnesium 
ion  be  greater  than  14000  {e.  g.,  by  addition  of  a  soluble  magnesium  salt). 
It  is  to  be  emphasized  however  that  the  foregoing  deductions,  which  are 
valid  only  if  the  only  solid  phases  separating  are  pure  caldte  and  pure 
MgCOs.3H20,  would  have  to  be  modified  if,  for  instance,  MgCOa  can 
occur  to  a  slight  extent  in  solid  solution  with  caldte,  a  possibility  sug- 
gested by  certain  geological  observations. 

But  we  have  another  state  of  affairs  if  the  partial  pressure  of  CQs  is 
such  that  magnesium  hydroxide  may  precipitate;  and  in  actual  practice 
this  case  may  very  readily  occur,  since  the«^ilydroxide  appears  when  the 
partial  pressure  of  CO2  is. about  0.00037,  ^  proportion  which  is  some- 
what greater  than  that  normally  present  in  outside  air.  This  again  can 
be  readily  calculated.  By  combination  of  Equations  I  and  X  we  obtain 
the  rdation 

ICa^llOH-,.  -  (C-IICQ.-,  X  m;  .  1^  .  ^^^ 

at  16**;  consequently  for  values  of  P  less  than  0.00037, 

[Mg-^+]    ^    [Mg-^+][OH-]»    ^    1.2  X   IO-"P   ^   ,  ,  V   rnTP 

[Ca-H-]         [Ca-H-][OHi«  343  X  10-"        ^'^  ^    °  ^' 

a  ratio  which  decreases  steadily  as  P  is  reduced.  It  follows  from  this 
that  calcium  carbonate  precipitated  from  a  solution  containing  magnesium 
may  very  readily  be  contaminated  with  appreciable  proportions  of  mag-  \ 
nesium  hydroxide,  which  would  be  removed  only  slowly  by  repeated  re- 
precipitations.  That  this  actually  occurs  in  the  commerdal  manufac- 
ture of  caldum  carbonate  is  evident  from  the  experience  of  Hostetter,* 
who  found  it  a  matter  of  considerable  difficulty  to  buy  calcium  carbonate 
satisfactorily  free  from  magnesia.  But  this  trouble  may  be  obviated 
very  easily,  namdy  by  conducting  the  operations  in  such  a  way  that  the 
liquid  is  always  saturated  with  CO2  at  a  pressure  above  a  certain  limiting 
value;  this  limit,  which  increases  with  the  temperature,  cannot  at  present 
be  spedfied  very  acciu-atdy,  but  is  in  all  probability  not  greater  than 
I  atm.  for  any  conditions  likely  to  be  encoimtered  in  actual  practice. 

Further  discussion  of  the  deposits  resulting  from  the  concentration  of 
solutions  containing  both  calcium  and  magnesium  carbonates  will  be  de- 
ferred for  the  present,  as  it  necessitates  the  consideration  of  the  solubility, 
and  proneness  to  supersaturation,  of  the  several  forms  of  caldum  and 
magnesium  carbonates,  as  well  as  of  the  double  carbonate  dolomite; 

>  J.  C.  Hostetter,  J.  Ind,  Eng.  Chem,,  6,  392  (1914). 
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and  the  evidence  on  some  of  these  points  is  unsatisfactory  or  lacking  alto- 
gether. 

The  Solubility-Product  Constant  of  other  Carbonates. 

For  the  sake  of  completeness,  the  solubility-product  constant  of  barium 
carbonate  has  also  been  recalculated.  The  data,  which  again  are  due  to 
Schloesing,  and  the  derived  quantities  are  presented  in  Table  X,  which  is 
altogether  similar  to  Table  II,  except  that  the  ionization  is,  in  this  case, 
that  of  barium  acetate  at  the  equivalent  concentration.  The  mean  value 
from  the  six  last  experiments  is  nrK^^  =  3-95  X  lo""*,  whence 

[Ba"^][C03"]  =  7.0  X  io-»at  I6^ 

Tabls  X. — Caicui^ations  on  thb  Basis  oi^  Scm/>ssiNG's  Data  on  the  SolubOtITy 

OP  BaCOi  IN  Water  CoNTAimNO  cP  Mols  COs  at  16^;  c  «  0.0441. 

■*  •- . 

Total 

Os]. 

7. 

0.930 

0.924 

0.915 
0.895 
0.884 

0.875 
0.850 
0.838 
0.825 
0.818 
o.Szi 
0.802 


P. 

Total  rsa]. 
Mob]). 

[B«(HCO.)«]. 

(Atm) 

MolsIL 

0.000504 

0.000601 

0.000589 

0.000808 

0.000732 

0.000722 

0.00333 

0.00117 

O.OOI16 

0.01387 

0.00196 

0.00196 

0.0282 

0.00255 

0.00255 

0.0499 

0.00312 

0.00312 

O.1417 

0.00464 

0.00464 

0.2529 

0.00578 

0.00578 

0.4217 

0.00690 

0.00690 

0.5529 

0.00766 

0.00766 

0.7292 

0.00843 

0.00843 

0.982 

0.00941 

0.00941 

[HCO«"j/2. 

fBa-^l. 

nrKBti. 

0.000548 

0.000560 

3.02  X  lO"^ 

0.000667 

0.000677 

3.38 

0.001065 

0.00107 

3.31 

0.00175 

0.00175 

3.51 

0.00225 

0.00225 

3.66 

0.00273 

0.00273 

3.70 

0.00394 

0.00394 

3.92 

0.00485 

0.00485 

4.09 

0.00570 

0.00570 

3.98 

0.00627 

0.00627 

405 

0.00684 

0.00684 

3.98 

0.00755 

0.00755 

3.98 

3  95  X  10-* 

The  constants  of  two  other  carbonates  are  known  approximately;* 

namely,  for  silver  carbonate,^  for  which  it  is  about  lo"^*,  and  for  lead 

carbonate,*  about  10"*". 

Summary. 

The  solubility-product  constants  of  calcium  carbonate  (calcite)  and  of 
magnesium  carbonate  (MgC08.3H20),  a  knowledge  of  which  is  of  impor- 
tance in  connection  with  several  problems  of  geological  interest,  have  been 
recomputed  from  the  best  experimental  data  available;  the  results  are 
satisfactorily  concordant.  This  concordance  is  the  more  remarkable 
in  view  of  the  fact  that  in  the  case  of  the  data  for  calcium  carbonate  the 

^  Approxiiiiately  only,  because  the  partial  pressure  of  COs  (which,  however,  would 
be  small)  was  neither  controlled  nor  measured. 

'  Abegg  and  Cox,  Z.  physik.  Chem.,  46,  11  (1903);  Spencer  and  Le  Pla,  Z.  anorg. 
Chem.,  65,  14  (1910).  It  would  be  well  worth  while  to  repeat  these  measurements 
imder  carefully  controlled  conditions,  esi)ecially  at  a  series  of  temperatures;  for  a 
nnniber  of  important  deductions  could  be  drawn  from  the  results. 

'Pleissner,  ArbeUen  kais.  Gesundheiisamt,  26,  30  (1907). 
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partial  pressure  varies  more  than  ten-thousandfold;  while  the  total  ion- 
concentration  of  all  the  magnesium  carbonate  solutions  on  which  the  actual 
solubility  determinations  were  made,  was  more  than  0.5  iV.  The  re- 
calculated results  are:  [Ca''~*"][COs"']  =  0.98  X  10"*  at  16 ^  when  the 
solution  is  saturated  with  respect  to  calcite ;  [Mg"*^]  [COj"  ]  =  i .  93  X  lo"^ 
at  I2^  the  solution  being  saturated  with  MgCOs-aHjO;  [Ba++][COj"]  = 
7  X  lo""*  at  16**,  the  soUd  phase  being  BaCOs.  The  solubility-product 
constant  AT^g  of  MgCOj.3H20  at  temperatures  up  to  50®  is  given  by  the 
formula 

^ogKi^  =  2315/r—  11.870, 

whence  the  heat  change  corresponding  to  the  reaction 

MgCO,.3H20  =  Mg++  +  CO,-  +  3H2O 

is  an  evolution  of  10600  cal. 

With  a  knowledge  of  these  constants  and  of  the  solubility-product 
constant  of  magnesium  hydroxide,  one  can  show  that  calcium  carbonate 
precipitated  from  solutions  containing  magnesimn  is  likely  to  be  contam- 
inated with  small  quantities  of  magnesium  hydroxide  which  could  be  re- 
moved only  slowly  by  reprecipitations  as  ordinarily  carried  out;  that  mix- 
tures of  magnesium  carbonate  and  hydroxide  will  in  general  be  obtained 
in  the  precipitation  of  magnesium  by  a  carbonate  and  that  the  basic  car- 
bonates thus  produced  are  merely  indefinite  mixttu'es  of  carbonate  and 
Hydroxide;  and  that  both  calcium  and  magnesium  carbonates  can  be  ob- 
tained free  from  contamination  by  keeping  the  partial  pressure  of  carbon 
dioxide  above  a  certain  limiting  value,  the  magnitude  of  which  depends 
upon  the  conditions  and  in  all  probability  need  not  be  greater  than  i  atm. 
by  a  suitable  choice  of  mode  of  operation. 

Incidentally  the  constant  [HCOa'lVlCOrjiHjCOs]  was  recalculated 
from  McCoy's  data,  and  foimd  to  be  5600  n  at  25®,  where  n  (which  is  in 
all  likelihood  greater  than  0.5)  is  the  proportion  of  the  total  COs  in  solu- 
tion which  exists  as  HsCOg;  whence  ki,  the  second  ionization  constant  of 
carbonic  acid,  is  6  X  io""^S  identical  with  the  accepted  value  of  this  con- 
stant. It  may  be  pointed  out,  moreover,  that  there  can  be  no  real  equi- 
librium  in  aqueous  solutions  of  carbonates  except  in  presence  of  a  definite 
partial  pressure  of  COj  in  the  atmosphere  in  contact  with  the  solution— 
in  other  words,  that,  strictly  speaking,  we  are  dealing  with  a  ternary  sys- 
tem, namely,  base-C02-H20;  consequently  any  carbonate  solution 
through  which  a  stream  of  gas  absolutely  free  from  CO2  is  passed, 
would  gradually  lose  its  carbonate  and  ultimately  woidd  contain  only 
hydroxide. 

GBOPBTSICAIt  Laboratokt, 
CaKNVOEK   InSTXTOTXON  09  WAaBOfOTON. 

WAanxMOTON,  D.  C. 
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The  fact  that  arsenic  add  can  be  estimated  volumetrically  with  an 
exceedingly  sharp  end  point^  suggested  the  possibility  .of  the  employ- 
ment of  this  add  for  purposes  of  standardization  in  alkalimetry.  It 
is  well  known  that  arsenious  oxide  is  a  most  desirable  starting  material 
in  oxidimetry,  and  that  the  arsenious  acid-iodine  titration  is  one  of  the 
most  accurate  of  the  processes  of  volumetric  analysis.'  It  will  be  shown 
below  that  arsenious  oxide  can  be  converted  quantitatively  into  arsenic 
add  with  comparative  ease.  This  makes  it  possible  to  employ  the  same 
substance  as  a  primary  standard  both  in  alkalimetry  and  in  oxidimetry. 
A  suitable  procedure  has  been  worked  out  for  the  standardization  of 
an  alkali  solution  starting  from  arsenious  oxide,  and  the  titer  so  found 
has  been  compared  with  that  found  for  the  same  solution  using  three  other 
methods  of  standardization  of  known  accuracy. 

Some  Characteristics  of  Arsenious  Oxide  Desirable  in  a  Primary  Stand- 
ard.— ^Arsenious  oxide  may  be  purchased  commerdally  at  a  low  price 
already  in  a  high  state  of  purity.    It  may  readily  be  ptu-ified  further 
both  by  recrystallization,  if  necessary,  and  by  sublimation.    The  material 
tised  in  our  work  was  merely  sublimed  once,  involving  an  astonishingly 
small  amount  of  labor  in  view  of  the  accuracy  of  the  results  obtained. 
White  arsenic  is  not  a  hydrated  substance,  and  can  readily  be  dried  by 
heating — ^the  vapor  presstire  of  the  octahedral  variety  being  at  200°  and 
240®,  respectivdy,  0.6  and  6.0  mm.  of  mercury,  while  its  mdting  point 
is  251**.*    The  arsenic  add  into  which  it  is  converted  by  oxidation  is 
quiddy  and  largdy  soluble^  in  water,  and  yidds  a  colorless  solution. 
Synthesis  of  a  Decinormal  Solution  of  Arsenic  Acid. — ^The  manipula- 
tion is  simple  and  does  not  require,  for  example,  the  transference  of  a 
predpitate;  but  dose  attention  to  details  is  well  repaid  in  saving  of  time. 
In  our  work,  a  good  commercial  quality^  of  arsenious  oxide  was  purified 
by  subliming  once.    To  do  this,  a  6  X  i  in.  test  tube  was  drawn  down 
to  one-fourth  of  its  bore  at  a  point  a  couple  of  inches  from  the  dosed  end, 
and  the  end  pocket  so  formed  was  charged  with  white  arsenic.    The 
tube  was  damped  horizontally,  suitably  protected  by  asbestos  paper 
above  and  set  aside  to  heat  over,  but  not  in  contact  with,  two  lowered 
Btuisen  flames.    The  sublimate  was  removed  by  cutting  the  tube  at  the 
OQostriction,  dried  by  heating  and  bottled  hot. 
To  prepare  500  cc.  of  o.i  N  solution,  a  quantity  of  about  2.47  g.  of  the 

*  Menzies  and  Potter,  Tms  Journal,  34i  1452  (1912). 
'  Cf.  Washburn,  Ibid.,  30,  31  (1908). 

'Welch  and  Dttschak,  Bur.  Mines,  Tech.  Paper,  8x  (1915). 

*  Menzies  and  Potter,  loc.  cU. 

*  This  was  the  "Arsenious  Add  of  Tested  Purity"  of  Eimer  and  Amend. 
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powder  is  weighed  out  accurately  in  a  75  cc.  conical  flask.  This  is  then 
treated  with  5  cc.  of  chloride-free  concentrated  nitric  add,  followed 
by  5  cc.  of  water*  and  warmed,  at  first  gently,  then  more  boldly,  loss  by 
spattering  being  prevented  by  a  truncated  calcium  chloride  tiibe.*  When 
solution  is  complete,  the  further  addition  from  a  pipet  of  5  cc.  of  concen* 
trated  nitric  acid  serves  to  wash  the  calcium  chloride  tube,  which  is  now 
removed,  and  is  necessary,  also,  to  ensure  complete  oxidation.  The 
solution  is  then  taken  to  dryness  to  expel  nitric  add.  This  part  of  the 
treatment  is  vastly  expedited  by  blowing  cotton-filtered,  ammonia-free, 
air  from  a  small  glass  jet  obliqudy  on  the  surface  of  the  liquid  so  as  to 
cause  rotation  of  the  flask  contents.  The  blower  jet  is  damped  so  that 
its  twisted  nozzle  is  dose  to  the  Uquid  stuf  ace,  while  the  flask  itself  is 
damped  a  couple  of  inches  above  a  heated  concave  empty  sandbath  tray 
and  screened  from  draughts  by  a  glass  cylinder  consisting  of  a  bottomless 
beaker.  It  was  found  that  a  thermometer  whose  bulb  was  placed  along- 
side the  bottom  of  the  flask  could  register  a  temperature  of  180-200^ 
without  any  symptoms  of  ebullition  appearing  in  the  flask. 

The  dry  white  residue  obtained  in  this  manner  still  contains  nitric  add 
that  is  not  removable  by  heating  at  230**  for  many  hours.  This  nitric 
add,  possibly  in  solid  solution,'  makes  its  presence  evident  not  only  by 
causing  too  high  addity  but  also  by  responding  to  the  nitron  test.*  The 
appUcation  of  this  test  showed  that  the  nitric  acid  can  be  removed,  for 
analytical  purposes,  by  redissolving  the  residue  in  water  and  taking  to 
dryness  again  twice.  For  this  purpose,  after  the  first  evaporation  to  dry- 
ness with  nitric  add,  the  flask  is  allowed  to  cool,  the  residue  is  covered  with 
distilled  water  and  the  flask  then  reheated  as  before.  The  residue  soon 
dissolves,  and  the  air-current  evaporates  the  water  again  in  a  few  minutes. 
This  treatment  with  water  is  repeated,  and  it  only  remains  to  dissolve  the 
residue  and  to  dilute  to  the  required  weight  or  volume  of  solution. 

The  Process  of  Titration. — ^This  has  been  described  and  discussed  else- 
where,* but  may  be  again  outlined  for  convenience.  To  a  measured  quan- 
tity of  perhaps  30  or  40  cc.  of  the  o.i  iV  acid  solution  are  added  the  phenol- 
phthalein  indicator  and  3  or  4  cc.  of  sattu'ated  barium  chloride  solution 
— a  quantity  which  is  largely  in  excess  of  that  required  to  form  the  perma- 
nent predpitate  mentioned  below.  The  alkali  is  then  run  in  until  the 
amorphous  white  precipitate  formed  locally  becomes  rather  slow  in  re- 
dissolving,  which  occurs  when  about  one-half  of  the  required  alkali  has 
been  added.    At  this  stage  the  titration  is  interrupted  and  the  vessel 

^  The  nitric  add  is  added  first  as  it  wets  the  powder  more  e£fectivdy  than  does  water. 

*  Cf.  Goodi  and  Browning,  Am.  J,  Set.,  [3]  29,  197. 

*  Cf .  Menzies  and  Potter,  he.  cU. 

*  Busch,  Ber.f  38,  861  (1905). 

*  See  Menzies  and  Potter,  loc*  cit. 
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scratched  beneath  the  surface  of  the  dear  liqtiid,  if  necessary,  to  induce 
the  formation  of  the  very  characteristic  lustrous  silky  crystalline  precipi- 
tate of  BaHAs04,  with  respect  to  which  the  solution  is  supersaturated. 
After  stirring  for  a  minute  to  remove  this  supersaturation,  the  titration 
is  completed  in  the  usual  manner.  Should  the  vessel  in  which  the  titra- 
tion is  performed  have  been  used  for  this  type  of  titration  already  and 
merely  rinsed  with  water,  then  the  minute  crystals  of  BaHAsOi  remaining 
on  the  walls  serve  to  inoculate  their  supersaturated  solution  and  thus 
obviate  any  necessity  for  scratching.  The  entire  proceeding  is  perfectly 
simple  if  only  it  be  understood  by  the  operator. 

Comparison  of  litre  of  Alkali  as  Standardized  by  this  and  by  Other 
Mefiiods. — ^The  analytical  details  are  tedious,  as  is  their  narration,  which 
inay,  therefore,  be  curtailed.  Weight  burets  were  employed  throughout, 
wad.  quantities  of  30-40  g.  of  solution  were  used  in  the  analyses, 
is  indicator  i  cc.  of  0.1%  phenolphthalein  was  employed,  and  a  7% 
tiansformation  aimed  at.^  In  making  the  corrections  to  vacuum,  the 
densities  of  arsenious  oxide  and  of  benzoic  acid  were  taken  as  3.6  and 
I.I,  respectively.  Carbonate-free  sodium  hydroxide  containing  barium 
hydroxide  was  employed  as  alkali,  and  the  solutions  were  kept  free  from 
carbonic  acid. 

(I)  The  titre  of  the  alkali  was  determined  against  suitably  dried' 
benzoic  acid'  by  the  method  described  by  Morey.*  The  0.1  N  factor  for 
the  alkali  fotmd  in  five  determinations  was,  1.0037,  i-oo37i  1.0040,  1.0045, 
1.004.1 ;  average,  1.0040. 

(II)  Hydrochloric  acid  of  known  concentration  was  prepared  by  the 
&tillation  method  of  Hulett  and  Bonner.*  The  o.i  N  factor  of  this  add 
tasthus,  sjmthetically,  1.0028. 

(III)  The  chloride  in  this  acid  was  estimated  gravimetrically,  following 
as  dosely  as  possible  the  procedure  of  Morey*  in  order  to  obtain  results 
comparable  with  his.  The  o.i  N  factor  of  the  acid  obtained  in  four  es- 
timations was,  1.0028,  1.0030,  1.0034,  0.0020;  average,  1.0026. 

The  titre  of  the  alkali  was  now  determined  against  this  add.  Using 
1.0026  as  factor  for  the  acid,  six  titrations  gave,  as  o.  i  AT  factor  for  the 
aBcdi, — 1.0042,  1.0035,  1-0038,  1.0039,  1.0036,  1.0035;  average,  1.0037. 
Usmg  an  add  factor  of  1.0028,  this  average  would  become  1.0039. 

(IV)  Five  different  solutions  of  arsenic  add  were  synthesized  by  the 
oethod  described,  and  of  each  of  these  two  titrations  were  made  against 

*  Cf.  A.  A.  Noyes,  Tms  Jovrsal,  32,  857  (1910). 
'  This  drying  requires  care.     Cf.  Weaver,  Ibid.,  35,  1309  (1913). 

*  Purchased  from  the  Bureau  of  Standards. 
*Morcy,  Tms  Journal,  34,  1027(1912).    To  obtain  a  satisfactory  color  change 

<tf  the  indicator,  it  was  found  necessary  to  distill  the  laboratory  alcohol  over  lime. 
'  This  Journal,  31,  390  (1909). 

*  Loc,  cU. 
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the  alkali,  yielding  the  following  figures  for  its  o.i  N  factor:  (i)  1.0039, 
1.004s;  (2)  1.003 1,  1.0030;  (3)  1.0037,  1.0033;  (4)  1.0039,  1.0037;  (5) 
1.0035,  1.0033;  average,  1.0036. 

The  results  of  standardizing  the  alkali  by  these  various  methods  maf  ^ 
be  exhibited  most  clearly  in  tabular  form: 

Method.  0.1  N  alkaU  Utdbor. 

I.  Benzoic  add ^ i  .0040 

II.  Hydrochloric  add,  factor  from  constant  boiling  pressure i  .0039 

III.  Hydrochloric  add,  factor  from  AgCl  determination x  .0037 

IV.  Arsenic  add i  .0036 

Summary. 

-  It  has  been  pointed  out  that  arsenious  oxide  is  a  desirable  subst 
for  use  as  a  primary  standard  in  volumetric  analysis;  and  it  has  been  she 
that  it  may  be  employed,  without  too  complicated  manipulation,  for 
purpose  in  alkalimetry. 

PsxNorroM,  N.  J. 


COAGULATION  OF  ARSENIOUS  SULFIDE  SOL  BT  ELECTRO-] 

LYTES. 

By  Jnambndkanatr  Mukhopadbtaya. 
Received  Pebruary  22.  1915. 

The  coagulation  of  arsenious  sulphide  sol  by  electrolytes  has 
studied  by  a  number  of  investigators,^  who  observed  certain  peculiaril 
which  led  the  present  writer  to  undertake  a  study  of  the  coagulal 
phenomenon  in  detail. 

The  sols  examined  were  prepared  in  the  way  given  by  Linder 
Picton;  the  water  used  was  obtained  by  the  method  described  by  Joi 
and  Mackay.*    Two  sols  wert  prepared,  one  containing  32.9  (No. 
the  other  (No.  IV)  a  very  fine  one  containing  3.54  millimols  AssSs  per  lit 
Nos.  II  and  III  were  made  by  diluting  No.  I  foiu*  times  and  twenty 
respectively.    Series  of  parallel  experiments  were  made,  in  which 
depths  of  liquid  contained  in  similar  test  tubes  were  observed  and 
pared;  very  sUght  changes  in  the  sol  can  be  detected  if  comparison  is 
between  the  sample  under  observation  and  a  blank  with  water  added 
place  of  the  electrolyte  solution. 

Influence  of  the  Quality  of  th«  Sol. — ^The  changes  observed  on  ad< 
tion  of  an  electrolyte  are  that  after  a  certain  time,  depending  on 
concentration  of  the  electrolyte,  an  increased  turbidity  is  perceptibl 
this  ttu-bidity  increases  until  the  sol  becomes  almost,  or  even  complet 
opaque.    The  maximum  opadty  depends  upon  the  quality  of  the  origii 

^  Sdiuize,  J.  prdkt.  Chem.,  25,  431;  Linder  and  Picton,  J.  Chem.  Soc.,  61,  11 
172  (1892);  67,  63  (1895);  Freundlich,  Z,  physik.  Chem.,  44,  129  (1903);  73,  385  (1911 
83,  97  (1913);  86,  458  (1914). 

'  Z.  phynk.  Chem.,  X4i  317  (1894). 
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Bd.  There  then  appears  a  net-like  formation  throughout  the  sol  which, 
if  left  undisturbed,  becomes  more  and  more  coarse;  this  portion  of  the 
diange  can  be  followed  with  the  microscope  when  the  sol  is  dilute,  but  the 
hter  stages  can  be  observed  directly.  A  heterc^;eneous  structure,  attended 
by  a  diminution  in  opacity,  is  noticeable;  the  time  when  this  maximum 
opacity  is  reached  gives  an  idea  of  the  progress  of  the  process  of  coalition. 
The  next  characteristic  change  observable  is  that  this  net-like  structiu-e 
l^egins  to  settle  as  a  dot.  This  is  accompanied  by  the  appearance  at  the 
lopmost  layers  of  a  visible  net  or  membrane-like  structure,  separating 
dear  layer  of  liquid  at  the  upper  part  from  the  turbid  layers.  The  depth 
this  layer  increases  with  time,  and  finally  the  whole  settles  to  the  bot- 
The  settling  of  the  dot  is  irregular.  It  sometimes  sticks  to  the  side 
the  tube  but  on  mere  shaking,  breaks  up  into  flocks  coarse  enough  to 
le  in  a  short  time  or  even  instantaneously.  The  time  for  its  complete 
is  not  characteristic  of  the  rate  of  coagulation;  but  that  required 
the  appearance  of  perceptible  change  or  for  the  attainment  of  the  maxi- 
opadty  or  for  the  beginning  of  the  settling  yidds  a  definite  idea  of 
rate  of  the  change. 
With  concentrated  sols  the  above  changes  are  somewhat  masked, 
ly  the  appearance  of  the  maximum  opadty.  This  is  because 
sols  soon  become  opaque  and  further  change  cannot  be  followed; 
rer  there  is  then  no  perfect  clearance  but  the  upper  layers  remain 
Ltly  turbid.  Such  behavior  is  due  to  the  fact  that  the  process  of 
ion,  even  when  far  from  complete,  advances  suffidently  to  produce, 
such  sols,  formations  which  have  a  visible  rate  of  settling.  The  upper, 
layers  look  quite  dear  in  transmitted  Ught;  the  process  of  coagu- 
of  this  remaining  portion  of  the  sol  begins  anew,  and  thus  the  coagu- 
goes  on  in  stages  until  finally  we  have  the  complete  separation  of  the 
With  fairly  dilute  sols  the  above  phenomenon  is  not  so  marked; 
in  such  cases  formation  of  dots  settling  at  a  visible  rate  would  re- 
almost  the  completion  of  the  process  of  coalition.  However,  with 
of  dectrol3rtes  such  that  the  rate  of  coalition  is  very  slow  the 
phenomenon  occurs  even  with  dilute  sols.  Here  the  maximum 
opadty  is  to  be  looked  for  at  the  lower  parts  of  the  tube.  The  settling 
sedimentation  plays  an  extremdy  small  part  in  the  coagulation  of 
Iddal  arsenious  sulfide.  ' 

The  series  of  Sols  I,  II  and  III  show  that  the  concentration  of  electro- 
required  to  produce  any  change  in  a  given  time  increases  with  the 
Son  of  the  sol.     For  equal  concentrations  of  dectrol3rte  the  time  for 
iplete  separation  of  the  colloid  may  vary  from  a  few  minutes  to  about 
month,  according  to  the  dilution  of  the  sol.     Thus  with  N/16  NaCl, 
begins  to  separate  from  Sol  I  in  10  minutes,  irom  Sol  II  after  more 
a  day,  and  from  Sol  III  not  unless  full  10  days  have  elapsed. 
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How  rapidly  the  time  for  visible  change,  or  the  beginning  of  the  sepan- 
tion  of  the  colloidi  changes  with  concentration  of  electrolyte,  will  be  d( 
from  the  following  example:  With  Sol  III  a  concentration  of  N/io  NaQj 
produces  visible  change  in  a  few  seconds  but  with  N/i6  NaCl  the  chan; 
is  not  noticeable  after  six  hoturs,  and  with  N/22  NaCl  noticeable 
takes  place  only  after  four  days.    The  variation  of  the  concentiutioa 
added  electrolyte  has  a  much  more  marked  effect  on  the  stability  of 
sol  than  the  variation  of  the  concentration  of  the  sol.    The  influence 
the  fineness  of  the  sol  in  determining  its  stability  is  apparent  when 
parison  is  made  between  Sol  IV  and  Sol  I  or  Sol  II.    Sol  IV  coni 
less  AssSs  than  Sol  II,  but  is  not  more  stable  to  electrolytes  than  Sol 
Another  peculiarity  that  strikes  one  on  comparing  Sol  I  and  Sol  IV, 
that,  whereas  at  lower  dilutions  of  the  electrolyte  both  sols  show  n< 
equal  stability,  at  higher  dilutions  Sol  I  increases  in  stability  at  a 
inarkably  greater  rate  than  Sol  IV.    Pretmdlich^  found,  contrary 
what  has  been  recorded  above,  that  with  decreasing  concentration  of 
sol  the  concentration  of   electrolyte  required  to  coagulate  it  d< 
in  a  regular  way;  he  refers  this  difference  in  the  concentration  of  the 
troiyte  to  increased  adsorption  in  the  more  concentrated  sol,  due  to 
increased  stuface.    Woudstra,'  Reissig'  and  others  have,  however, 
that  the  greater  the  concentration  of  the  colloid  the  less  the  am( 
of  the  electrolytic  required  to  coagulate  it. 

On  the  other  hand  it  appears  that  the  increase  of  stability  with  dilut 
of  the  sol  is  what  should  be  expected.    The  facility  for  the  coalitioa 
the  colloidal  particles  certainly  decreases  with  increasing  mutual  disi 
between  them  resulting  from  dilution.    With  increasing  fineness  of  a 
the  concentration  of  the  colloid  remaining  the  same,  the  distance  bel 
individual  particles  decreases  and  hence  the  facility  for  the  coalition 
o'eases.    The  increased  Brownian  movement  also  facilitates  encount 
between  the  particles.    The  progress  and  the  visibility  of  the 
in  the  colloid  certainly  depend  on  the  above  factors.     It  may  be 
added  that  the  rapidity  with  which  sols  become  stable  with  incr< 
dilutions  of  electrol3rte  points  to  the  fact  that  at  a  certain  dilution  of 
electroljrte  the  sol  is  no  longer  affected. 

The  Method  of  Addition  of  the  Electrolyte  to  the  SoL— The  pi 

of  coagulation  being  irreversible  with  this  sol,  the  addition  of  small  qi 
tities  of  an  electrolyte  of  much  higher  concentration  cannot  fail  to  prodt 
immediate  changes,  which  the  final  concentration  of  electrolyte  atl 
after  the  mixture  is  of  itself  not  able  to  effect.    This  is  more  objectional 
if  the  quantity  of  electrolyte  is  added  in  a  small  volume,  as  with  in< 

'  Z.  physik.  Chem.,  44,  129  (1903). 

'  Ihid.,  61,  607  (1908)? 

*  Ann.  Physik,  [4]  27,  186  (1908). 
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iir  concentration  of  electrol3rte  its  coagulative  power  increases  very  rapidly. 
Equal  volumes  of  sol  and  electrolyte  were  taken  and  addition  was  effected 
m  small  quantities  followed  by  a  thorough  mixing,  the  whole  process  not 
taking  more  than  a  minute. 

It  was  decided  to  avoid  this  method  of  mixing  altogether  by  actually 
producing  the  sol  in  the  electrol3rte  solution  as  a  medium  in  place  of  water. 
The  behavior  of  sols  prepared  in  this  way  was  compared  with  that  of 
kIs  produced  in  water  and  subsequentiy  mixed  with  electrolyte  solutions 
10 as  to  yield  the  same  total  concentration  of  both  colloid  and  electrolyte; 
piflferences  were  observed,  but  the  results  are  not  really  comparable 
luse  the  amount  of  free  HjS  in  the  two  series  was  not  the  same. 

In  order  to  determine  the  effect  of  free  HjS,  a  quantity  of  sol  containing 
L53  millimoles  AssSs  was  prepared  in  the  usual  way,  except  that  one 
ion  of  it  was  not  freed  from  dissolved  HjS  by  a  stream  of  hydrogen, 
effect  of  addition  of  a  series  of  concentrations  of  KCl  to  these  two 
iples  was  then  examined,  and  it  was  found  that  the  two  series  of  sols 
red  great  differences  in  stability.    The  sol  containing  HsS  almost  to 
itnration  is  remarkably  more  stable  than  that  freed  from  HsS.    Thus 
can  remain  no  doubt  as  to  the  fact  that  dissolved  H2S  increases  the 
iKlity  of  AssSs  sol.    The  portion  freed  from  HjS  by  a  stream  of  hydro- 
was  next  satturated  with  HsS  and  the  original  sol  containing  excess 
HsS  freed  from  it  by  a  stream  of  hydrogen.    These  on  examination  gave 
same  result,  the  sol  now  containing  free  HsS  being  more  stable  of  the 
The  difference  in  stability  is  as  marked  as  before. 

That  free  arsenious  oxide,  either  in  solution  or  suspension,  does  not 

lence  the  stability  of  the  sol  to  any  noticeable  extent  was  next  proved 

the  following  way:    A  sol  of  the  same  AssSs  content  as  Sol  III  was 

in  one  case  with  equal  volume  of  a  freshly  prepared  AssOs  solution, 

in  another  with  equal  volume  of  water.    The  behavior  of  these  two 

iples  did  not  show  any  noticeable  difference  when  examined  with  a 

of  concentrations  of  KCl. 

This  peculiar  influence  of  H^S  is  very  noteworthy  in  view  of  the  opinion 

by  some  authors  that  the  presence  of  electrolyte  in  many  colloids 

a  necessity.    Adds  like  HCl  have  a  great  coagulative  power,  whereas 

has  a  stabilizing  power.    To  this  stabilizing  influence  of  H2S  observed 

'1  is  to  be  attributed  the  success  of  previous  investigators  in  preparing 

Kc  sulfide  sols  of  great  concentration.     Wessinger  and  Spring^  pre- 

sols  of  metallic  sulfides  by  washing  sulfide  precipitates  with  H2S 

Iter.    Later  Linder  and  Picton*  used  this  method  in  preparing  sols 

: metal  sulfides  of  great  concentration. 

^  Bull.  soc.  chim.,  49,  452;  48,  166. 
'  Trans,  Chem.  Sac.,  1892,  138. 
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Relative  Coagulative  Powers  of  Different  Electrolytes. — ^A  compaiisQiL 
of  the  coagulative  power  of  different  electrol3rtes  was  next  made.    Wii 
concentrated  sols  very  low  concentrations  of  pol3rvalent  metallic 
have  to  be  used;  to  avoid  this,  the  dilute  Sol  III  was  used.    It 
been  observed  that  the  order  of  the  relative  coagulative  powers  of  difen 
electrolytes  is  independent  of  the  quality  of  the  sol.    To  define  the 
lative  power  of  any  given  electrolyte,  we  have  first  to  investigate  thel 
factors  that  determine  it.    It  has  been  shown  that  it  depends  on 
concentration,  the  fineness,  and  the  H3S  content  of  the  sol.    Thus 
coagulative  power  of  any  given  electrolyte  has  not  a  definite  value 
varies  with  the  above  factors.    We  can  speak  of  coagulative  power  wii 
respect  to  a  specific  sol.    For  the  same  electrolyte  the  coagulative  po 
is  determined  by  the  dilution  of  the  electrolyte  which  would  produce 
certain  change  in  the  colloid.    The  general  method  is  to  find  out  the 
centration  of  electrolyte  that  would  instantaneously  lead  to  compl 
separation  of  the  colloid.    But  there  are  also  other  methods  in  v 
The  value  for  the  coagulation  dilution  would  thus  vary  according  to 
nature  and  magnitude  of  the  change  in  the  sol  in  terms  of  which  the 
agulative  power  of  any  electrolyte  is  measured,  and  also  on  the  meth< 
used.    As  a  result,  comparison  between  the  coagulative  power  of 
electroljrte  by  different  methods  is  not  possible.    The  present  worl 
has  observed  that  the  order  of  the  relative  coagulative  powers  of  diff< 
electrolytes  is  independent  of  the  quality  of  the  sol  used.    But  the  di&< 
ent  methods  do  not  even  give  the  same  order  of  the  coagulative 
as  will  be  made  clear  from  a  comparison  of  the  data  obtainable  on 
sol. 

TaBI«9  I. — OrD]{R^O^|TH«  COAOULATIV9  POWSR  OF  VARIOUS  ElSCTROLYTBS  AS 

T8R1IINBD  BY  DiFFSRSNT  METHODS. 


Uadtf  and  Picteo.! 

Prewiimrh.* 

As  obaetTed  in  the  coone 
of  thb  inveatlgatioB. 

AiCU 

A1,(S04). 
Ba(aO,), 

BaCli 

Sras 

BaCIa 

Diyaleat     SrClt 

BaCls 

SrCis 

MgS04 

MgS04 

MgSO« 

HQ 

HCl 

HQ 

NHiCJ 

NH4CI 

NH4CI 

KCl 

KT 

KCl 

Monovalent  < 

KBr 
KT 

KCl 
KNO, 

KNOi 
KBr 

NaCl 

NaCl 

Naa 

KNOi 

LiCl 

KT 

NaNO, 

NaNO, 

LiCl 

^LoccU. 
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The  difference  comes  out  quite  markedly  if  comparison  is  made  of  the 
actual  figures  for  relative  coagulative  powers  of  the  electrolytes.  Very 
little  doubt  can  exist  as  to  the  accuracy  of  the  data  given  in  the  third 
colunuL  Whetham's  Law^  is  not  in  agreement  with  the  measurements 
made  by  Freundfich  or  by  the  present  author,  though  Linder's  and  Picton's 
data  seems  to  support  it  fairly. 

In  the  opinion  of  the  author  this  discrepancy  is  due  to  certain  defects 
inherent  in  the  methods  used.  The  method  of  titration  of  the  sd  with 
ekctrdyte  used  by  Linder  and  Picton'  and  others  has  been  repeated, 
and  it  has  been  observed  that  if  use  be  made  of  different  concentrations 
of  the  same  electrcdyte  for  titration  of  the  same  preparation  of  sol,  the 
quantities  of  electrolyte  required  are  not  in  inverse  ratio  of  the  concen- 
tration of  the  electrolyte — in  other  words,  different  final  concentrations 
are  required  to  produce  the  same  effect.  With  such  methods  the  compari- 
son of  coagulative  powers  is  liable  to  be  inaccurate.  Moreover  the  end 
point  of  coagulation  is  not  easy  to  follow  and  varies  with  the  rate  of  shaking 
and  the  time  allowed  for  titration.  Evidence  in  support  of  these  state- 
ments is  afforded  by  Table  II,  in  which  a  series  of  results  obtained  with 
Sd  III  are  brought  together. 

Electric  conductivity  of  mixtures  of  sols  and  electrolytes  was  measured. 
It  was  hoped  that  if  adsorption  of  the  electrolyte  occurred  to  any  extent 
it  would  be  evident  from  the  diminution  of  the  conductivity.  The  re- 
sults, however,  prove  that  if  adsorption  takes  place  at  all,  it  is  very  slight. 
As  controls  throughout  this  part  of  the  work  two  series  of  solutions  were 
examined.  In  one  series  a  definite  volume  of  AstSt  sol  was  mixed  with  a 
definite  volume  of  an  electrolyte  of  a  certain  concentration.  In  the  other 
the  same  volume  of  conductivity  water  as  that  of  AsA  sol  taken  was  mixed 
with  the  same  volume  of  the  electrolyte  of  the  same  concentration  taken 
in  the  other  series.  The  two  samples  were  kept  side  by  side  in  an  asbestos 
box  and  the  temperature  during  the  measurement  of  conductivity  was 
noted.  Whenever  difference  in  temperature  between  the  two  samples 
of  more  than  o.i  ^  was  observed,  the  data  were  rejected.  In  some  cases 
the  results  were  ccmtrdled  for  either  samples  by  a  second  or  even  a  third 
repetition.  The  values  for  the  conductivity  were  found  to  be  always 
constant  in  all  such  cases.  The  observed  conductivity  of  the  sol  and  dec- 
tn%te  is  alwajTS  greater  than  that  of  the  electrolyte  itself.  If,  however, 
the  conductivity  of  an  equal  volume  of  the  sol  diluted  with  the  same  vol- 
ume of  water  as  that  of  tiie  electrolyte  used,  be  added  to  the  conductivity 
of  the  dectroljrte  we  get  the  same  value  for  the  conductivity  as  that  ob- 
served. This  sho?rs  that  the  conductivity  of  the  dectrolyte  changes 
little  if  at  all.    Prom  an  examination  of  various  dilutions  of  the  following 

'?M.lfof.,  48,474(1899). 
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Tablb  II. — Obssrvations  on  ths  Efpsct  of  ADDinoN  OF  Various  Sai^t  Soumon] 

ON  TH9  BEHAVIOR  OF  SOL  III. 


DUution 
of  added 

salt. 

Time  required 

for  percept!- 

ble  diange. 

Al,(S04)i 

Apprm.  time  for 
maximum 
Opacity. 

Dilution 

Of  added 

aalt. 

Time  required 
for  percepti- 
ble change. 

HQ 

ApproK.  time  for 
cptudtj. 

30O0O 

9  mtn. 

17  hrs. 

20 

A  few  sees. 

>I5  min. 

XOOCO 

<i  min. 

31  min. 

18 

Inst. 

9  min. 

9000 

A  few  sees. 

20  min. 

16 

Inst. 

3  min. 

8000 

Instantaneous 

10  min. 

15 

Inst. 

I  min. 

7OOD 

Instantaneous 

4  min. 

14 

Inst. 

Inst 

2000 

Instantaneous 

Inst. 

KNO, 

Ba(C10i)s 

14 

25  min. 

34  h«- 

700 

10  min. 

.... 

13 

8  min. 

22  hrs. 

600 

A  few  sees. 

4  min. 

12 

3  min. 

13  his. 

500 

Inst. 

2  min. 

10 

A  few  sees. 

24  min. 

4po 

Inst. 

Inst. 

9 

Inst. 

2  min. 

BaCls 

8 

Inst. 

Inst 

700 

15  min. 

.  •  • . 

KBr 

600 

A  few  sees. 

8  min. 

14 

20  min. 

3ol]xs. 

500 

Inst. 

4  min. 

13 

8  min. 

x8  fan. 

400 

Inst. 

I  min. 

12 

4  min. 

10  hrs. 

360 

Inst. 

Inst. 

II 

A  few  sees. 

5  hrs. 

10 

Inst. 

32  min. 

SrCl, 

KI 

700 

7  min. 

55  nun- 

13 

*20  min. 

26  hrs. 

600 

3  min. 

24  min. 

12 

9  min. 

•  •  « 

500 

A  few  sees. 

13  min. 

II 

5  min. 

10  his. 

400 

Inst. 

6  min. 

10 

2  mtn. 

5.5  hrs. 

300 

Inst. 
MgS04 

2  min. 

9 

Inst. 
NaNOi 

7  min. 

600 

38  min. 

12 

21  min. 

25  hrs. 

500 

I  min. 

20  min. 

10 

8  min. 

xohrs. 

400 

A  few  sees. 

II  min. 

9 

3  min. 

X.2  hrs. 

200 

Inst. 

Inst. 

8 

A  few  sees. 

8  min. 

7 

Inst. 

3  min. 

• 

6 

Inst. 
LiCl 

10 

7  min. 

15  hrs. 

9 

5  min. 

12  hrs. 

8 

3  min. 

6hrs. 

7 

A  few  sees. 

<3  hrs. 

6 

Inst. 

X  min. 

dectrolytes— KCl,  HCl,  BaClj,  SrCU  and  AlaCSOOg  it  was  observed 
the  conductivity  agrees  with  the  sum  of  conductivities  whether  com] 
or  partial  separation  of  the  colloid  has  taken  place  or  not.  This  is 
true  for  great  dilutions  of  the  electrolyte.  Deviations  from  the  addit 
rule  were  within  the  limits  of  experimental  error.  This  shows  that 
conductivity  of  the  sol  is  to  be  attributed  not  to  the  particles  of  the 
loid,  but  to  dissolved  H2S  or  AssOs  or  anything  else.    The  conduct!^ 
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I  the  colloidal  granules  thus  seems  to  be  very  small.    Different  sols 
examined,  but  the  nattu^  of  the  results  obtained  was  tl^e  same. 
m  Dumansky's   data^   on  conductivity  measurements   of   colloidal 
!(OH)a  in  presence  of  electrolytes,  Wo.  Ostwald*  calculated  the  amount 
adsorption  by  the  colloid  of  those  electrolytes  which  have  a  coagu- 
ig  action  on  it.    But,  as  we  have  seen,  absolutely  no  change  in  con- 
ivity  is  observed  with  AssSs  sols. 
From  data  given  by  Linder  and  Picton  it  would  appear  that  adsorption 
barium  takes  place  to  a  marked  degree  with  liberation  of  an  equiva- 
quantity  of  HCl.    This  adsorption  with  consequent  liberation  of 
has  been  confirmed  by  Whitney'  and  Dudaux.*    The  author  has 
been  able  to  confirm  this,  but  it  has  been  found  that  on  washing 
fully  the  precipitated  As^,  the  amount  of  barium  in  it  is  very  small 
scarcely  capable  of  quantitative  meastu-ement.    However,  from  a 
quantity  of  precipitated  AssSs  an  amotmt  of  barium  was  obtained 
gave  a  slight  turbidity  with  H2SO41  but  was  too  small  for  quanti- 
se estimation.    This  quantity  might  as  well  have  been  adsorbed  by 
coagulated  sol  or  due  to  chemical  interaction  with  AssSs  as  Duclaux 

Summary  and  Conclusion. 
(i)  With  dilution  of  sols  of  AsiSg  the  stability  increases. 

(3)  Pine  sols  are  less  stable  than  coarse  sols  of  the  same  arsenious 
ie  content. 

1(3)  Coagulation  of  colloidal  arsenious  sulfide  with  electrol3rtes  is  mainly 
of  coalition  of  the  colloidal  particles.    Coalition  takes  place 
through  the  substance  of  the  sol  with  formations  of  defijiite  dot-like 
res.    Sedimentation  plays  an  extremdy  minor  part  in  coagulation, 
rate  of  coalition  is  determined  by  the  concentration  and  natture  of 
dectrol)^.     With  concentrated  sols  and  relatively  dilute  dectrolytes 
coagulation  goes  on  in  stages  till  the  complete  separation  of  the  col- 
takes  place. 

(4)  Dissolved  hydrogen  sulfide  has  the  interesting  effect  of  markedly 
dug  arsenious  sulfide  sols  against  dectrolytes. 

(5)  Adsorption  of  dectrolytes  by  the  colloid  does  not  take  place  to  any 
tked  extent  as  is  proved  from  conductivity  meastu'ements  and  analysis. 

^(6)  The  order  of  the  relative  coagulative  powers  of  various  electro- 
is  different  as  determined  by  different  methods, 
[ily  best  thanks  are  due  to  Profs.  R4y  and  Bhaduri. 

'Bmco-CHXHzcAi.  Laboratory, 
'■"nwwCT  CoLLSOs,  Calcutta. 

^Z,  Chem.  Ind.  KoU.,  z,  281  (1906). 
'  GedeMoek  BemmeUn,  19x0,  267. 
•This  Journal,  23,  842  (1901). 
•  /.  ckm.  phys.,  6,  592  (1908). 
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THE  THERMOELECTRIC  PROPERTIES  OF  CARBON.' 

Bt  WIU.IAM  C  Moois. 
Received  June  8,  1915. 

In  an  attempt  to  learn  something  of  the  nature  of  the  so-called  amorphc 
carbon,  an  investigation  of  the  thermoelectric  properties  of  comm< 
arc  carbons  was  begun  in  this  laboratory  in  the  early  part  of  1914.    It 
true  that  some  work  of  this  type  had  been  previously  reported  upon 
others,  but  the  work  of  Buchanan,*  is  open  to  the  objection  that 
carbon  rods  were  used  in  series  in  measuring  the  thermal  electromc 
force  of  a  carbon  platinum  couple,  thus  introducing  the  possibility 
getting  potential  differences  between  the  carbon  rods  themselves; 
Monckman'  meastured  the  potential  set  up  when  a  hot  carbon  rod 
touched  against  a  cold  rod  of  similar  material,  without  actually  m< 
the  electromotive  force  set  up  when  his  carbon  rod  was  an  element 
couple  employed  in  the  usual  way. 

Mohckman  observed  a  change  in  sign  of  his  galvanometer  d< 
when  the  hot  rod  was  at  480°  and  the  cold  at  I6^  and,  assuming  a 
regular  rise  and  fall  of  the  thermal  electromotive  force,  decided  that 
neutral  point  must  have  been  in  the  neighborhood  of  250^  and  that 
indicated  a  change  in  the  properties  of  carbon  at  that  point. 

While  otu"  investigation  was  tmder  way,  an  artide  by  Bidwell  on  '" 
Thermojunction  of  Carbon  and  Graphite"^  appeared.    This  in^ 
noted  that  heating  his  carbon  and  graphite  rods  to  near  2000^  made 
thermoelectric  behavior  more  regular  and  attributed  this  to  the 
of  impurities.     Differences  in  the  original  raw  materials  used  in  the 
f acture  of  the  carbons  and  changes  in  the  nature  of  the  carbon* 
graphitization,  were  not  taken  into  account  by  Bidwell.    There  is 
ant  evidence,  however,  that  heating  does  actually  change  the  pi 
of  carbon,^  and  there  is  likewise  some  previous  evidence  that  soxat] 
these  changes  are  reversible.* 

This  evidence  seems  to  be  substantiated  by  our  experiments, 
covered  a  period  of  several  months.     During  this  time  a  large  ni 
of  measurements  were  made  on  various  kinds  of  arc  carbons.    A 

^  Read  in  abstract  at  the  New  Orleans  meeting  of  the  American  Chemical 
«  PhU,  Mag.,  [5]  20,  117  (1883). 

*  Proc,  Roy.  Soc.  London  (A),  44,  220  (1888). 
<  Phys.  Rev.,  [2]  3, 450  (1914). 

*  See  Moissan,  ''The  Electric  Furnace"  (Lenher's  translation,  p.  38,  el.  sef.  0 
ed.)»  as  to  the  effect  of  heat  on  the  properties  of  lamp  black,  and  Buchanan,  Lpc 
as  to  changes  in  carbon  filaments. 

*  Manville's  work  on  the  variability  of  the  temperature  of  combustion  of 
when  subjected  to  temperature  fluctuations  (J.  Mm.  phys.,  5,  ^97-339  (1907)), 
that  of  Brion  {Ann.  der  Phys.,  59,  215  (1896))  on  the  effect  of  sudden  changes  of 
perature  on  the  resistance  of  carbon  filaments,  may  be  dted  in  this  connection. 
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tf  some  of  our  typical  experiments  may  therefore  be  of  interest  from  the 
ight  they  shed  on  the  nature  of  amorphous  carbon. 

Experimental. 
I  In  the  preliminary  experiments,  six  arc  carbons  were  used,  two  of  which 
pere  of  the  same  kind  of  carbon.  These  six  pieces  may  be  designated 
I,  A,  B,  C,  D,  and  E,  respectively.  A,  B,  C,  D,  and  E  were  clamped 
turn  against  i;  leads  were  fastened  to  the  free  ends,  and  the  circuit 
ipleted  through  a  millivoltmeter  used  as  a  galvanometer.  The  clamped 
were  heated  by  a  Meker  burner.  In  every  couple,  except  that  formed 
I  and  B,  which  were  of  the  same  kind  of  carbon  material,  there  was  de- 
considerable  electromotive  force.  Carbon  i  was  positive  at  the 
end  in  all  cases  except  when  E  was  the  other  member  of  the  couple, 
this  case  £  was  positive,  and  the  electromotive  force  was  greater  than 

any  of  the  other  couples. 

[D  and  E  were  now  made  into  a  couple;  after  42  minutes'  heating  (to 

redness)  in  the  flame  of  a  Meker  burner,  the  thermal  electromotive 

had  risen  to  about  7 .  25  milUvolts,  E  of  course  being  positive.    A 

iber  of  runs  were  then  made,  using  various  combinations  of  carbon 

make  the  thermojunctions.    The  couple  burned  very  rapidly  at  the 

ler  temperattures.    From  carbon-carbon  couples  it  was  a  natural 

to  carbon-copper  couples.    The  burning  of  the  carbon  and  the  oxida- 

of  the  copper  were  so  serious,  however,  that  it  was  finally  decided  to 

[e  up  couples  by  inserting  the  carbon  into  a  long  copper  tube,  Vs  i^^h 

diameter,  and  closed  at  the  end  to  be  heated.     Contact  between 

carbon  and  copper  was  secured  by  flattening  the  closed  end  of  the  tube 

forcing  the  wedge-shaped  end  of  the  carbon  into  this  angle.    The 

was  held  in  place  by  a  brass  rod  which  passed  through  a  rubber 

closing  the  copper  tube.    This  rod  was  soldered  at  its  inner  end 

a  brass  cap  which  made  a  tight  contact  over  the  end  of  the  carbon,  and 

as  a  terminal  for  the  carbon  cold  junction.    The  cold  junction 

kept  cool  by  a  stream  of  water  playing  over  the  copper  tube.     In 

an  experiment  the  air  was  continuously  exhausted  by  means  of  a 

pump.     The  copper  tube  showed  a  little  leakage  in  some  of  the 

lents  but,  even  when  leaking  a  little,  protected  the  carbon  from 

iig.    It  was  noted  that  at  the  higher  temperatures,  the  carbon  be- 

le  "copper  plated"  over  a  large  portion  of  its  length.    The  thermal 

•emotive  force  was  measured  by  means  of  a  high  resistance  Siemens- 

:e^  millivoltmeter;  furnace  temperatures  by  a  bare  base  metal  thermo- 

fe    Above  600°  these  temperatures  are  accurate  to  within  about 

^  In  order  to  guard  against  changes  of  contact  resistance,  special  care  was  taken 
Ke  that  all  contacts  were  well  made,  and  in  one  case  it  was  found  that  the  resis- 
of  a  carbon-copper  couple  changed  from  0.306  ohms  at  room  temperature  to  0.27 
f<fciB8  at  720'. 


2034 


WIUJAM  C.  MOORB. 


15^;  below  that  temperature,  probably  within  5  to  8  degrees.    A  H( 
FB  204  electric  furnace  was  used  as  the  heating  device.    The  copper 
and  the  thermocouple  were  in  close  proximity;  each  was  immersed 
inches  in  the  ftunace. 

Table  I  gives  a  summary  of  the  results  obtained.    The  carbon  used  ii 
Experiment  36J3  was  of  a  different  composition  from  the  carbons  used  k 
36 J4  and  36 J5.    The  thermal  histories  of  these  three  carbons  were  diffc 
ent,  but  each  carbon  had  been  previously  heated  to  a  temperature  hi( 
than  that  finally  reached  in  the  experiments.    We  might  also  add 
the  maximum  temperatures  recorded  below  were  piu-ely  fortuitous. 

Tablb  I. 


Bzpt. 
No. 

36J3 
36J4 
36J5 


Initial 

ftunace 

temp. 

157  • 
157* 
169* 


BzpU 
No. 

36J3 
36J4 
36J5 


Temp,  difference 
at  point  max. 
Initial  B.  M.  P. 

B.  M..  P»  '    *  \ 

(M.  V.)     Beginning.      Ending. 

+0.08  717"  784** 

+0.09         478*         528. 5* 
1.06  ••  .. 

Polarity. 


Pur.  temp,  at 


fe.' 


max.  B.  M.  P. 

/  *  » 

Begin.       Bnding. 

•         8l6* 


Cu.+ 
Cu.+ 
Cu." 


Pinal. 

Cu.+ 
Cu." 
Cu." 


741 
514^ 


Max.  fur. 
temp. 

945  • 
910** 

878* 


B.  M.,P. 
volts. 

-ho.  41 

+0.30 

—a. 18 


565 


B.  M.  P.  at  max.  for. 
temp,  (millivolts). 


+0.32 
.21 
.18 


Explanation  of  Table  and  Discussion  of  Results. — ^The  first  three 
umns  need  no  explanation.    The  fourth  column  shows  the  difP^ 
in  temperature,  of  the  hot  and  cold  carbon-copper  junctions,  when 
thermal  electromotive  force  reached  a  maximum.    This  occurred 
in  Expts.  36J3  and  36J4.    This  maximtun  electromotive  force  remaU 
constant  over  a  considerable  temperature  range,  and  began  to  d< 
when  the  temperature  differences  between  the  hot  and  cold  carbon- 
per  junctions  reached  the  values  shown  in  the  fifth  column.    The 
and  seventh  columns  show  the  actual  furnace  temperatures  (^ 
8^),  at  the  beginning  and  end  of  this  constant  temperature  interval, 
spectively.    The  other  columns  need  no  especial  comments.    This 
shows  most  of  the  striking  features  exhibited  by  various  carbon-co] 
thermocouples.     It  should  be  added,  that  the  readings  obtained  with 
individual  carbon  are  approximately  reproduceable.    For  instance, 
Expt.  36-2-A  in  which  a  carbon-copper  couple  was  used,  several  runs 
made  with  the  same  couple,  readings  being  taken  both  with  rising 
falling  temperatures.    Here,  readings  of  3.24  miUivolts  were  obi 
at  the  following  temperature  differences,  the  starred  values  being 
falling  temperatures  in  the  furnace:  321^,  '''314^,  323^;  and  readings 
2.40  millivolts  at  temperature  differences  of  256®  and  *258^     In  36JJ 
after  945^  was  reached,  the  furnace  was  allowed  to  cool  and  the  elect 


THB  THSUfOBlSCTKIC  PR0P8RTIBS  Ot  CAKBON. 


203S 


I' 
8 


OkK)OBi^OOtK}8oi^O$IOOBi#kOOkls)OBi#kO 


I  I  I  I  I  I  I  I  I  I  I  I  I  M  I  I  I 


S 


8 


8 


2036 


WIUJAH  C.  MOORS. 


motive  force  rose.    When  the  temperatu^  difference  was  839^  the 
tromotive  force  was  0.40  as  against  the  same  value,  for  a  temperai 
difference  of  847^,  on  the  rising  temperattu:e. 

If  a  carbon-carbon  couple  be  set  up,  using  different  kinds  of 
we  may  get  very  high  electromotive  forces.    One  couple  of  this 
gave  14.59  ^*  V.  when  the  cold  junction  was  at  55.5^  and  the  hot  j 
tion  was  at  707®. 

It  will  be  noted  in  the  above  table  that  there  was  a  considerable 
perature  interval  over  which  the  electromotive  force  remained  co; 
in  the  two  experiments,  36J3  and  36J4.    This  means,  that  the  tem; 
ture  coefficient  of  the  thermal  electromotive  force  remains  at  zero 
out  a  considerable  temperature  range.    The  attempt  was  made  to 
the  temperature  coefficient  of  the  potential,  against  temperature, 
potential  in  most  cases  was  so  small,  however,  that  steps  of  50^  or 
were  necessary  to  get  any  curve  at  all,  and  after  plotting,  the  curves 
very  irregular,  especially  at  the  lower  temperatures.    For  36J3  the 
perature  interval  for  zero  temperature  coefficient  was  from  775  **  to  805 
while  for  36 J4,  the  point  of  zero  coefficient  was  at  540^.     It  may  be 
however,  that  the  general  directions  of  the  temperature-coefficient  t 
perature  curves  change  for  these  two  experiments,  after  passing  thr< 
the  zero  point.     For  36J5  all  the  potential  values  were  such  that  the  t 
peratiffe  coefficient  was  entirely  negative,  and  the  rough  curve  for 
experiment  was  more  nearly  a  straight  line  than   with   36 J3  and  36J4 
These  rough  curves  are  shown  in  the  appended  figures. 

The  thermoelectric  properties  of  various  kinds  of  arc  carbons  are  thi 
seen  to  differ  considerably.    These  differences  are  in  general  due  to 
causes,  (a)  difference  in  raw  materials  used,  and  (b)  differences  in 
facturing  history. 

The  general  change  of  direction  of  our  temperature-coefficient  tem 
ture  etudes  mentioned  as  being  noted  in  Experiments  36J3  and  36J( 
taken  with  the  long  temperature  interval  of  constant  electromotive  i 
for  these  couples,  suggests  that  possibly  some  constituent  of  our  carl 
may  have  passed  through  a  transition  interval  in  the  temperature  regi< 
noted.    Whether  this  constituent  is  a  form  of  carbon  or  a  complex 
potmd  of  carbon  is  of  course  unknown. 

Summary. 

This  study  of  the  thermoelectric  properties  of  carbon  offers  evi 
from  a  new  viewpoint  that  amorphous  carbon  is  not  a  single  d 
substance.    The  thermoelectric  properties  of  this  material  are 
duceable  for  any  one  carbon,  but  they  may  vary  with  the  tempera 
and  are  determined  by  the  kind  of  raw  material  used  and  the  manu£ 
turing  history  of  the  carbon.    The  fact  that  with  some  varieties  erf 
carbons   a   considerable   temperature   range   of  constant   dectromoti 
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force  was  found,  indicates  the  possibility  of  a  transition  interval  for  these 
learboos. 

The  author's  thanks  are  due  his  assistant,  Mr.  J.  B.  Davies,  for  much 
cf  the  painstaking  experimental  work  involved,  and  Mr.  W.  R.  Mott  for 
[aid  in  looldng  up  the  literattu^. 

BwwABCM  Labokatokt,  Nationai,  Casboii  Co., 
Clstslamd*  Ohio* 
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Bt  Taxdh  Cbasam  Chopphm. 
ReoeiTed  July  6,  1915. 

Various  modifications  of  silver,  many  of  them  of  somewhat  ill-defined 

have,  from  time  to  time,  been  described.^    Carey  Lea  has 

out  an  extensive  series  of  researches  on  the  properties  of  silver 

ipitated  from  a  solution  of  its  salts  by  ferrous  citrate,  ferrous  tartrate, 

.,  in  the  presence  of  alkaUs.     His  colloidal  silver,  which  is  held  to  be 

allotropic  modification  of  the  metal,  displays  almost  every  shade  of 

lor — ^blue,  red,  green,  purple  and  golden;  some  of  his  "precipitates" 

very  soluble  in  water  and  very  sensitive  to  light.    According  to 

te,*  however,  the  mirror  and  the  black  silver,  obtained  by  the  re- 

[AictioQ  of  silver  nitrate  with  zinc,  are  allotropic  modifications,  while  the 

of  Kohlschfitter  and  Fischmann  is  an  attempt  to  explain  the  way 

which  the  specular  form  of  native  silver,  known  as  hair-silver,  is  formed. 

Experimental. 

^Kmgy  silver*  was  first  prepared  by  igniting  pure  and  dry  precipitated 
tartrate  in  a  crucible.     Nitric  add,  diluted  with  an  equal  volume 
water,  dissolved  the  silver  completely.    Strong  nitric  add  (sp.  gr. 
I42),  however,  from  which  lower  oxides  of  nitrogen  were  removed  by 
with  carbamide,  was  allowed  to  act  on  the  spongy  silver  at  the 
temperature.    At  first  some  action  took  place  with  the  f  orma- 
of  sUver  nitrate,  nitrous  add  and  oxides  of  nitrogen;  but  after  a  time 
solution  of  silver  stopped,  and  on  allowing  the  mixttu-e  to  stand  with 
dooal  shaking  for  about  a  fortnight,  the  remaining  silver  was  con- 
|Wted  into  long  needle-shaped  crystals — easily  visible  to  the  naked  eye. 
At  first  a  few  thin,  needle-shaped  crystals  appeared  floating  on  the 
I  surface  of  the  add  liquid  which  was  being  shaken;  the  test  tube  being  al- 
[iDwed  to  stand  again  for  some  time,  the  crystals  gradually  increased  in 
itity,  the  larger  needles  remaining  at  the  bottom  of  the  tube.    The 
add  was  decanted  off  and  the  crystals  were  thoroughly  washed  with 

'Carey  Lea,  Am.  J.  Soi.,  37,  476;  381  47,  139  (1889);  Phil.  Mag.,  31,  338,  320, 
,  ^>33f  337  (1891);  Am.  J.  Sci.,  48,  343  (1894);  Ludtke,  Wied.  Ann,,  9a,  152,  1056 
6^);  Kohlacfafitter  and  Fisdmuum,  Ann.,  387,  86  (19x2). 

*  Wied.  Ann.,  50,  678  (1883). 

'  The  spongy  «lTer  examined  under  the  microscope  showed  no  crystalline  structure. 
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distilled  water.  They  had  the  characteristic  white  metallic  lustre  of  silver 
and  belonged  to  the  cubic  system.  The  following  experiments  show  that 
the  crystals  are  nothing  but  metallic  silver: 

(i)  A  weighed  quantity  of  the  crystals  was  heated  on  a  small  cupel  in  a  mufife: 
furnace  and  the  button  of  silver  obtained  was  weighed : 

0.1370  gave 0.1361  Ag  :  Ag  «  9934%- 

(2)  A  weighed  quantity  was  dissolved  in  moderately  strong  nitric  add  and  thej 
silver  precipitated  and  weighed  as  silver  chloride: 

0.2840  gave  0.2826  AgCl  :  Ag  «  99.50%. 

This  is  considered  to  be  a  new  variety  of  oystalline  silver.    Ordii 
metallic  silver  consists  of  rhombic  plates^  which,  however,  in  form 
in  the  mode  of  formation  are  quite  different.    Kohlschtitter  and  Fu 
mann  have  described  a  variety  termed  hair-silver,  but  they  have 
been  able  to  obtain  this  from  silver  sulfide  or  selenide  at  temperature 
about  400**. 

Bearing  on  the  Dynamic  Theory  of  Allotropy. 

It  has  been  observed,  as  referred  to  before,  that  the  tiny  needle-sha] 
crystals  which  were  first  formed,  appeared  on  the  surface  of  the  cob 
of  liquid,  so  that  the  crystalline  silver  does  not  (at  the  moment  of  forma- 
tion)  co-exist  with  the  spongy  silver  at  the  bottom  of  the  vessel.     It 
also  been  observed  that  the  spongy  silver  at  the  bottom  gradually  cnimbl 
into  a  finer  state  of  division,  looking  amorphous  imder  the  microsco] 
and  this  gradually  diminishes  in  quantity,  giving  rise  to  crystalline  nee< 
at  the  surface. 

As  the  conversion  of  spongy  silver  into  crystalline  variety  takes  ph 
at  the  ordinary  temperature  in  a  heterogeneous  system,  Smits'  d] 
theory  of  allotropy  is  not  applicable  to  the  present  case.     According 
Smits,  the  transformation  of  one  form  into  an  allotrope  is  not  a  suddi 
process  and  at  the  high  transformation  temperature  (e,  g.,  of  rhoml 
sulfur  into  monoclinic  and  vice  versa)  each  variety  is  partially  misdl 
in  the  other  at  the  high  transition-temperatiu-e,  and  equilibrium,  a< 
ing  to  him,  being  established  between  different  proportions  of  the  diff< 
varieties.     Benedict  also  holds  somewhat  similar  views.     But  such  id< 
are  evidently  not  applicable  to  the  present  case.    Tammann's  view  h< 
ever,  applies  better.    According  to  him,  allotropic  change  is  due  to  diffc 
ence  in  atomistic  arrangements,  and  it  is  probable  in  the  present  case 
the  solution-tension  of  metallic  silver  at  the  particular  condition 
small,  the  particles  of  silver,  which  are  first  produced  from  spongy  sili 
are  drawn  up  by  the  capillary  force  of  the  liquid  column  to  its  surfi 
where  they  orient  themselves  regularly  in  a  different  space-lattice,  gi^ 
rise  to  the  beautifid  needles. 

»  Hioms'  "Metallography:"  Silver. 
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Spongy  silver,  prepared  by  igniting  pure  silver  tartrate,  was  treated 
at  the  ordinary  temperature  with  strong  nitric  acid  (sp.  gr.  1.42)  from 
which  lower  oxides  of  nitrogen  had  been  removed  by  boiling  with  carbam- 
ide. At  first  some  action  took  place  with  the  formation  of  silver  nitrate 
and  nitrous  add,  but  after  a  time  the  solution  of  silver  stopped,  and  on 
allowing  the  mixture  to  stand  with  occasional  shaking  for  about  two  weeks, 
the  remaining  silver  was  converted  into  long  needle-shaped  crystals  easily 
^ble  to  the  naked  eye;  slender  needles  which  are  first  formed,  appear 
Voating  on  the  surface  of  the  acid  liquid.  This  is  considered  to  be  a  new 
lariety  of  crystalline  silver,  belonging  to  the  cubical  system. 

■  The  author  desires  to  express  his  indebtedness  to  his  professor.  Dr. 
K  R.  Watson,  who  took  an  active  interest  in  course  of  this  work. 

Cbswcai,  Laboratokt,  GoTBSNMSirr  Coiasos, 

Dacca.  Bshoai,  (India).  « 


ICqntkibution  from  ths  Chbmical  Laboratory  of  thb  UNrvBRsrtY  op  MicmoAN.] 

CAN  THE  DISSOCIATION  THEORT  BE  APPLIED  TO  SOLID 

SOLUTIONS  IN  STEELS? 

Bt  Bdwaxd  D.  Camfbsu.. 
Reodv«d  June  19,  1915. 

The  conception  that  many  metals  and  alloys  might  be  regarded  as 
ed  solutions,  either  of  miscible  liquids  or  of  compotmds  in  solu- 
,  was  clearly  pointed  out  more  than  fifty  years  ago  by  A.  Matthiessen.* 
[flder  this  conception  pure  or  nearly  pure  metals  and  alloys  would  be 
led  as  liquids  or  mixtures  of  liquids,  differing  from  ordinary  ones  only 
viscosity,  but  still  being  solutions  in  which  the  atomic  relations  ex- 
,g  between  solutes  and  solvent  do  not  differ  fundamentally  from 
same  relations  in  ordinary  solutions.    Matthiessen  made  numerous 
ents  on  the  conductivity  of  metals  and  alloys  but  drew  no 
condusipns  as  to  the  relation  between  chemical  constitution  and 
dectrical  properties. 

Some  twenty  years  later,  Bams  and  Strouhal*  carried  on  a  long  series 
of  very  careful  experiments  to  show  the  relation  existing  between  the 
lurdness  of  tool  steel  and  its  electrical  properties.  The  changes  in  specific 
Mstance  in  tool  steel  induced  by  sudden  quenching  and  reheating  to 

ious  temperatures  for  different  lengths  of  time  were  carefully  investi- 
,  but  apparently  no  definite  connection  between  change  in  specific 

istance  and  chemical  constitution  was  pointed  out. 

^  Report  of  the  Briti^  Association  for  the  Advancement  of  Science,  1863,  p.  37. 
*  U.  S.  Geological  Survey,  Bull.  14,  1885. 
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Barus  endeavored  to  show  that  the  hardness  of  sted  is  a  function  of 
the  specific  resistance.  If  by  the  hardness  of  steel  is»  in  reality,  meant 
viscosity,  that  is,  the  resistance  to  flow  under  high  pressure  as  applied 
in  a  Brinell  ball  testing  machine,  then  the  hardness  is  not  a  functioa 
of  the  specific  resistance,  since  the  latter  in  a  piece  of  hardened  steel  may 
be  reduced  by  moderate  tempering  more  than  40%  without  any  measur- 
able reduction  in  the  hardness. 

The  hardness  of  steel  is  becoming  generally  recognized  to  be  due  t9l 
a  certain  portion  of  the  iron  existing  in  a  state  of  strain,  the  extent  cf 
which  internal  tension  or  uiterstrain  is  dependent  upon  the  chemkd' 
constitution  at  the  instant  of  quenching  and  the  rate  of  cooling  tliroi 
the  critical  range.  Iron  lends  itself  perhaps  better  than  any  other 
to  a  study  in  solid  solution,  since  iron  exists  in  the  two  weU-known 
tropic  forms,  the  stable  alpha  form,  soft,  magnetic  and  of  low  sol 
power  and  the  gamma  form,  probably  somewhat  harder  than  the  alp 
nonmagnetic,  and  possessing  at  least  ten  times  the  solvent  power  of 
in  the  alpha  condition.  Pure  iron  when  converted  into  the  gamma  f 
by  heating  above  the  Acs  critical  point,  is  transformed  on  cooling  thri 
the  critical  range  into  the  alpha  form  with  such  velocity  that,  no  ma 
how  quickly  cooled,  there  is  but  little  evidence  of  the  presence  of 
iron  in  the  cold  specimen.  The  rate  of  transformation  of  the  gamma  in 
the  alpha  form,  when  passing  through  the  critical  range  is  very  mark 
influenced  by  the  presence  of  solutes,  particularly  carbides  in  solid 
tion,  and  it  is  largely  through  control  of  the  concentration  of  solutes 
the  instant  of  quenching  that  the  extent  of  transformation  of  the 
into  the  alpha  form,  hence  the  extent  of  internal  or  interstrain,  and 
the  hardness,  is  controlled. 

If  a  piece  of  steel  of  moderate  carbon  content  be  very  quickly 
from  a  temperature  sufficiently  above  the  critical  range  to  insure 
plete  solid  solution  of  the  carbides,  the  quenched  metal  will  consist  of 
unstable  solid  solution  of  carbides  in  gamma  iron,  together  with  some  al 
iron  in  the  state  of  strain.     If,  on  the  other  hand,  the  same  steel  wi 

« 

cooled  slowly  through  the  critical  range,  the  gamma  iron  would  be 
pletely  transformed  to  the  alpha  form  and  the  carbides,  in  consequ 
of  th^  slight  solubility  in  alpha  iron,  would  be  almost  completely  pr^' 
cipitated. 

The  object  of  the  experimental  work  described  in  this  paper, 
was  carried  on  by  Mr.  Robert  Atkinson,  was  to  bring  out  the  rela 
which  exists  between  the  concentration  of  the  carbides  in  solid  solu 
in  steel  and  the  specific  resistance. 

In  the  well-known  colorimetric  method  for  the  estimation  of  carl 
in  steel,  the  brown  color  of  the  dinitro  derivatives  produced  by  the  inter- 
action of  nitric  acid  on  the  iron  and  the  unsattu'ated  hydrocarbons  de- 
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lived  from  the  carbides,  is  used  as  a  basis  for  determining  the  percentage 
cf  carbon  in  the  steel.  It  has  been  well  known  for  many  years  that  if 
even  reasonably  accurate  results  are  to  be  obtained,  the  unknown  steel 
«iid  the  standard  steel,  if  a  steel  standard  is  used,  must  both  have  ap- 
ffozimately  the  same  composition  and  be  subjected  to  approximately 
the  same  heat  treatment.  If  the  color  of  the  dinitro  derivatives  obtained 
b7  dissolving  a  sample  of  steel  in  nitric  acid  is  compared  with  that  of  a 
anzed  solution  of  ferric,  cupric  and  cobaltous  chlorides,  made  up  as  a 
permanent  color  standard,  the  absolute  value  of  each  scale  division  of  a 
Ibriorimeter  in  terms  of  carbon  percentage  cannot  be  expressed  as  a  constant, 
ice  the  molecular  weight  of  the  carbides,  hence  that  of  the  hydrocarbons 
which  the  dinitro  derivatives  are  formed,  will  vary  with  the  carbon 
itent  and  heat-treatment  of  the  steel. 

In  an  article,  "The  BfFect  of  Heat  Treatment  on  the  Colorimetric  Test 

Carbon  in  a  0.32  Carbon  Steel," ^  details  are  given  showing  the  method 

anal3rsis  used  in  the  present  work   to  estimate   colorimetrically,  the 

itity  of  dinitro  compounds  derived  from  carbides  soluble  in  cold 

ric  add  and  those  insoluble  in  cold  but  soluble  on  heating  for  thirty 

iiDutes  in  boiling  water.    The  depth  of  color  was  estimated  by  comparison 

a  standard  solution  of  ferric,  cupric  and  cobaltous  chlorides,  con- 

led  in  a  modified  colorimeter,^  the  strength  of  the  chloride  solution 

such  that  one  scale  division  of  the  colorimeter  was  equivalent  to 

little  less  than  0.01%  carbon  when  a  sample  of  0.250  g.  of  the  steel  was 

The  steel    used   tn   these   experiments,    which   for   convenience   has 
termed  H  35,  was  furnished  through  the  courtesy  of  the  Halcomb 
Company  and  has  the  following  composition:    Carbon,  0.35;  man* 
t,  0.08;  phosphorus,  0.009;  sulfur,  0.024;  silicon,  0.18.     Bars  of  this 
about  15  cm.  long  and  a  little  over  6  mm.  square  were  suspended 
an  electrically  heated  furnace,  so  arranged  that  oxidation  during  heat- 
was  completely  avoided.    The  temperature  of  the  bars  was  measured 
means  of  a  standard  platintun  rhodium  thermocouple  placed  close 
them.    They  were  allowed  to  remain  in  the  furnace  one  hour  to  attain 
same  temperature  as  that  indicated  by  the  thermocouple,  892  ^'i  after 
rUdi  they  were  quickly  removed  and  quenched  in  a  large  excess  of  water, 
temperature  of  the  water  at  the  beginning  was  +4°  and  at  the  con- 
don  of  the  work  about  +14^.    The  time  required  to  transfer  a  speci- 
from  the  furnace  to  the  quenching  bath,  taken  with  a  stop  watch, 
^ed  four-fifths  of  a  second.     From  the  time  the  specimen  entered 
water  until  it  was  black  was  from  four-fifths  of  a  second  to  one  second, 
between  five  and  six  seconds  were  required  to  bring  it  to  the  tempera- 

*  /.  Iran  and  Steel  Inst.,  a,  367-84  (191 3). 

*  Tms  JoxTRNAL,  33,  1 1 12  (191 1 ). 
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ture  of  the  bath.  No  oxidation  took  place  during  the  time  the  bars  were 
in  the  ftirnace,  and  the  film  of  oxide  which  formed  on  the  smf ace  durin; 
the  time  the  bars  were  being  transferred  from  the  furnace  to  the  quendi- 
ing  bath  was  so  slight  as  to  be  only  a  discoloration.  After  quenching, 
the  bars  were  polished  and  the  specific  resistance  determined.  Sufficient 
drillings  were  taken  from  one  bar  to  make  the  necessary  colorimetric  de- 
terminations. The  specific  resistance  was  determined  by  measuring 
the  fall  in  potential  between  knife  edges  10  cm.  apart  on  bars  of  accurately 
measured  cross-section,  while  a  known  current  was  flowing  through  them. 
The  knife  edges  were  bolted  to  a  small  glass  plate,  thus  instuing  constancy 
of  distance  apart,  and  the  bars  during  measurements  were  immersed  in  I 
a  bath  of  refined,  paraffin  oil,  so  that  their  temperature  could  be  de*j 
termined  and  all  readings  reduced  to  a  standard  of  20^.  The  fall  in 
tential  was  compared  with  that  of  a  standard  resistance  bar  calibrat 
by  means  of  a  standard  potentiometer  and  certified  standard  cell.  Dupl 
cate  determinations  could  be  easily  kept  within  0.05  microhms  and 
is  thought  that  the  absolute  values  of  resistance  are  correct  within  U 
than  0.2  of  a  microhm.  After  measuring  the  specific  resistance  and  tt 
sufficient  drillings  for  making  colorimetric  determinations,  the  quenched] 
bars  were  placed  in  a  steam  dr3dng  oven  at  from  100-105**  for  two  daySftj 
after  which  they  were  removed,  the  specific  resistance  measured 
drillings  taken  for  colorimetric  work.  In  the  subsequent  heat  treatments] 
the  bars  from  the  previous  treatment  were  packed  in  a  steel  tube  to  av( 
oxidation,  together  with  a  tube  for  the  insertion  of  a  thermocouple  and 
whole  placed  in  an  electric  furnace,  which  was  then  gradually  raised  to 
temperattures  shown  in  the  table  of  specific  resistances.  When  the  di 
temperature,  as  indicated  by  the  thermocouple,  was  reached,  it  was 
as  nearly  as  possible  for  from  one  to  two  hours,  after  which  the  fi 
was  allowed  to  cool  over  night.  After  each  heat  treatment  the  s] 
resistance  was  again  measured  and  drillings  taken  for  colorimetric 
parisons. 

As  it  is  impossible  to  express  in  absolute  percentages  the  amount  of] 
carbon  represented  in  the  dinitro  derivatives,  the  color  due  to  these  k 
expressed  in  scale  divisions  of  the  colorimeter.  The  results  of  the  measure^^ 
ments  are  given  in  the  following  table,  in  which  Column  I  shows  the 
temperature  to  which  the  bars  were  reheated  after  quenching  from  892*; 
Column  II,  the  specific  resistance  in  microhms  per  cm',  at  20**;  Colonml 
III,  the  amount  of  dinitro  compounds  derived  from  carbides  solul 
in  cold  nitric  add,  expressed  in  scale  divisions  of  the  colorimeter;  and] 
Column  IV,  the  amount  of  dinitro  compounds  derived  from  carbides 
insoluble  in  cold  nitric  acid,  but  soluble  at  the  temperature  of  botUngj 
water. 
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[  The  results  given  in  Columns  I,  II  and  III  of  Table  I  are  shown  graph- 
kally  in  the  accompanying  Plate  I,  in  which  the  abscissae  represent  the 
■mperatures  of  reheating,  while  the  ordinates  show  the  specific  resis- 
■Dce  in  microhms  and  the  color  of  the  dinitro  derivatives  due  to  carbides 
Ifable  in  cold  nitric  add,  in  scale  divisions. 


Temperature 


700'  '  QOQ* 


A  study  of  the  figures  in  Table  I  or,  more  easily,  a  glance  at  the  curves 
Plate  I,  reveals  clearly  the  close  relationship  existing  between  the  con- 
ntration  of  the  carbides  in  solid  solution  and  the  specific  resistance. 
However,  it  will  be  noted  that  in  the  sample  reheated  to  800"  there  is 
1  increase  in  specific  resistance  accompanied  by  a  decrease  in  the  dinitro 
rivalives.  Metal  cooled  very  slowly  from  800°  would  have  the  carbides 
stinctly  segregated  into  relatively  large  masses,  and  although  the  pre- 
pitation  would  be  most  nearly  complete  the  separated  cementite  would 
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consist  of  carbides  saturated  with  iron  in  solid  solution;  hence  the  increase 
in  specific  resistance. 

The  question  may  properly  be  asked,  to  what  may  this  relationsliq) 
probably  be  due?  If  a  metal  such  as  iron  be  regarded  as  a  solvent,  differ- 
ing, it  is  true,  in  viscosity  from  ordinary  liquids,  but  in  which  the  atomk 
relations  existing  between  solutes  in  true  solid  solution  and  the  solvent 
are  essentially  the  same  as  the  relations  existing  in  ordinary  scdutioo, 
we  may  find  the  reasonable  explanation  for  the  correlation  between  the 
concentration  of  the  carbides  in  solid  solution  and  the  specific  resistance 
of  steel. 

While  in  most  research  work  in  physical  chemistry  attention  is  f 
on  the  solutes,  and  the  influence  of  concentration,  temperature,  e 
on  these,  in  most  work  in  metidlurgy  attention  is,  perhaps  unconsctousiyi 
focused  on  the  properties  of  the  solvent;  and  the  influence  of  tempera 
and  concentration  of  solutes  on  the  properties  of  this  latter  is  what 
most  carefully  studied.     It  is  seldom  that  ordinary  chemistry  is  re 
as  a  study  of  the  influence  of  solutes  on  the  properties  of  water,  and 
this  is  the  habitual  view-point  taken  in  the  study  of  the  influence  of  i 
purities  on  the  properties  of  metals.     If  iron  is  regarded  from  the 
view-point  as  ordinary  solutions,  we  may  calculate  the  molar  concen 
tion  of  solutes  in  solid  solution  in  a  manner  exactly  similar  to  that 
ployed  in  such  calculations  in  ordinary  solutions.    If  the  assumpti< 
is  made  that  one  liter  of  steel  weighs  7800  g.,  the  molecular  concen 
tion  of  solutes  in  solid  solution  in  iron  woidd  be  represented  by 
following  formulae  given  in  the  table  below,  in  which  the  symbol  of 
element  stands  for  the  number  pi  "points"  (0.01%)  of  that  element, 
N,  the  number  of  atoms  of  the  element  in  each  molecule  of  the  sol 

Table  II. — Showing  Pormulab  and  Molbcular  Concbntrations  of  Stbbl.  H 

Element.  pMinula.       Molecular  coiic«ntnLtkML 

C  ^  g'g? 

15.4N  N 

p  P  o  Qg 
39. 8N  N 

S  0.06 

41 . 1  N  N 

Si  0.49 

36.3  N  "n" 

Manganese  is  not  included  in  the  above  table  since  in  steel  it  fun 
as  a  metal,  entering  partly  into  combination  with  carbon  and  sulfur 
partly  into  the  constitution  of  the  solvent,  iron,  the  law  of  mass  actiot 
determining  its  distribution.  The  same  law  applies  to  the  distribution  of 
Ni,  Cr,  and  some  other  elements  frequently  found  in  steel. 


Si. 


DISSOCIATION  tHBOR¥  APPUBD  TO  STBBLS.  2045 

In  an  artide  on  "The  Constitution  of  Sted/'^  it  was  shown  that  N  of 
the  above  table  in  the  case  of  carbides,  is  a  function  of  the  carbon  content 
and  heat  treatment  of  the  steel.  In  the  case  of  a  slowly  cooled,  low  car- 
bon sted,  N  is  more  than  four  (4),  while  in  high  carbon  sted  it  averages 
less  than  this  figure.  In  a  metal  suddenly  cooled  from  above  the  critical 
pomt,  the  value  of  N  is  distinctly  lower  than  when  the  same  metal  is  in 
the  annealed  condition. 

In  the  dissociation  theory  as  applied  to  aqueous  solutions,  when  solutes 
dissdve,  a  certain  proportion  of  the  molecules  are  assumed  to  be  separated 
into  parts,  termed  ions.  When  a  solute  is  dissolved  in  water  it  dissodates 
to  a  large  extent  and  the  chemical  or  internal  energy  is  decreased,  with 
the  appearance  of  equivalent  quantities  of  dectiical  energy  in  the  form 
fd  equivalent  positive  and  negative  charges  on  the  respective  ions.  It 
because  the  solvent  in  the  case  of  an  aqueous  solution  is  a  didectric 
t  the  ions  are  able  to  acquire  and  retain  their  charges,  and  thus  conduct 
dectric  current  by  transporting  these  charges  between  the  dectrodes. 
It  is  assumed  that  the  ions  only  are  dectrically  active,  since  the  dectrol3rtic 
conductance  is  used  as  a  measure  of  the  ionic  concentration.  On  account 
of  the  high  dectrical  resistance  of  the  solvent  in  the  case  of  aqueous  solu- 
tions, an  almost  negligible  proportion  of  the  total  current  carried  is  carried 
by  the  solvent.  If  ions  resulting  from  the  dissodation  of  molecules  in 
aqueous  solution  are  capable  of  acquiring  energy  in  the  form  of  dectric 
charges,  but  in  these  solutions  retain  and  transport  this  dectrical  energy 
pnty  because  of  the  dielectric  property  of  the  solvent,  one  might  properly 
hri^  What  should  we  expect  if  solutes  were  dissolved  and  dissodated  in 
m  solvent  whidi  was  in  itself  a  conductor  possessed  of  very  low  spedfic 
Ksistance?  In  such  a  case  there  seems  to  be  no  inherent  reason  why  the 
pedianism  of  solution  and  dissodation  of  the  molecules  of  the  solute  into 
|€oastituent  parts  bearing  predsdy  the  same  atomic  rdations  to  the  solvent, 
Aonld  differ  essentially  from  that  which  holds  when  a  solute  is  dissolved 
in  a  didectric  solvent.  In  case  the  solvent  were  a  metal  it  would  be  ob- 
noosly  impossible  for  the  products  of  ionic  dissodation  to  retain  elec- 
tric charges;  hence  it  would  be  dearly  out  of  the  question  to  call  these 
piodncts  ions,  so  that  we  have  suggested  the  term  ''ionoids"  to  indi- 
cate the  products  of  ionic  dissodation  in  solutions  in  which  the  solvent 
is  a  metal.  The  ''ionoids"  in  metallic  solutions,  like  the  ions  in  aqueous 
sohitions,  constitute  that  portion  of  the  solute  which  has  undergone 
[dbsodation  and  whidi  is  dectrolytically  active.  The  result  of  this 
[dectrolytic  activity  of  "ionoids,"  however,  will  manifest  itsdf  in  a  manner 
fdirectly  the  reverse  of  that  manifested  in  the  behavior  of  ions,  not  be- 
cause of  any  fundamental  difference  in  the  atomic  relations  existing 
between  the  "ionoids"  or  ions  and  the  solvent,  but  because  of  the  reverse 
1  /.  Iran  and  Steel  Inst,,  2,  223  (1899). 
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of  the  electrical  properties  of  the  solvents.  In  a  metallic  solution  prac- 
tically the  whole  of  the  conductance  is  through  the  solvent  and  undis- 
sociated  solutes,  while  the  *'ionoids"  which  are  electrolytically  active  tend, 
like  ions,  to  acquire  energy  in  the  form  of  electric  charges,  but  on  ac- 
count of  the  nature  of  the  solvent  retention  of  this  energy  is  impossiUe 
and  it  is,  in  consequence,  transformed  and  dissipated  in  the  form  of  heat 
Thus  the  electrical  energy  transformed  into  heat  by  the  "ionoids"  may  be 
expressed  in  terms  of  specific  resistance  and  consequently  the  ionic  coin 
centration  in  soUd  solution  in  metals  may  be  determined  by  deducting 
from  the  total  specific  resistance  that  due  to  the  solvent  and  undissociated, 
solutes.  Under  the  above  conceptions  the  dissociation  theory  of 
tion  would  be  just  as  applicable  to  solid  solutions  in  metals  as  to  aqui 
solutions;  although  the  phenomena,  when  the  two  solutions  were  subje 
to  a  difference  of  potential  at  two  points,  would  manifest  themselves 
opposite  directions.  The  differences,  however,  in  electrical  behavior 
the  two  solutions  are  due  not  to  any  ftmdamental  difference  in  the  ai 
relations  existing  between  solutes  and  solvent,  but  to  the  differences 
the  electrical  properties  of  the  solvents. 

Ann  Akbok.  Mxchioan. 
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THE  ATOMIC  WEIGHT  OF  MOLYBDENUM. 

Bt  John  H.  MOixmu 
ReceiYed  Jttly  21,  1915. 

The  purpose  of  the  present  investigation  was  to  redetermine  the  a1 
weight  of  molybdenum  by  the  oxidation  of  pure  metal.    It  will  be 
called  that  as  early  as  1859  Dumas^  oxidized  the  sulfide,  reducing  the 
suiting  oxide  in  hydrogen  to  metal.    The  mean  of  six  determinal 
was  95.942. 

In  1868  Debray  used  the  method  of  Dumas.'    The  trioxide»  in 
case,  was  purified  by  sublimation  from  platinum.    The  mean  of 
determinations  was  found  to  be  95.524.    Later  Rammelsberg,' from 
single  experiment,  obtained  a  result  very  dose  to  that  of  Dumas. 

In  1895  Seubert  and  PoUard^  determined  the  indirect  ratio  2.AgCl 
MoOs,  subsequently  reducing  the  trioxide  to  metal  in  hydrogen,  with 
result.  Mo  =  96.006. 

Vandenberghe^  reduced  the  dibromide  to  metal  and  oxidized  the 
ter  to  trioxide  by  means  of  nitric  acid.  The  mean  of  five  determinal 
by  this  procedure  was  96.088. 

*  Ann.  Chem.  Pharm.,  X05,  84,  and  1x3,  23. 
'  Campt.  rend.,  66,  734. 

*  Berlin.  Monatsh.,  1877,  p.  574- 

*  Z.  anorg.  Chem.,  8,  434  (1895). 
»  "Acad.  Roy.  Beige  Mem.  couronnes  T.,"  56. 
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Reagents. 

Water. — Ordinary  distilled  water  of  the  laboratory  was  redistilled, 
first  from  alkaline  permanganate,  then  from  acid  permanganate,  and 
finally  alone.  A  block-tin  condenser  and  well-seasoned  Jena  glass  receiv- 
ers were  used. 

Hydrogen  Chloride. — ^This  gas  was  prepared  by  the  action  of  concentra- 
ted sulfuric  add  upon  concentrated  hydrochloric  acid  and  dried  by  passage 
through  four  wash  bottles  containing  freshly  dehydrated  sulfuric  acid. 
All  coimections  were  either  fused  or  grotmd  glass. 

Ammonia. — ^This  was  prepared  by  warming  ordinary  ammonia  water 
and  conducting  the  gas  through  a  double  splash  trap  to  an  inverted  large 
el,  under  which  was  placed  a  platinum  dish  containing  water. 
Hydrogen. — ^The  hydrogen  was  obtained  by  electrolysis  of  ao%  sola- 
of  caustic  soda.  Both  electrodes  were  of  pure  nickel,  while  the  gen- 
tor  of  two  liter  capacity  was  so  constructed  that  the  inner  compart- 
t  was  entirely  of  glass — ^the  wires  being  sealed  in.  The  exit  tube 
m  the  electrol3rtic  cell  was  ground  to  fit  the  drying  apparatus  and  was 
kid  in  place  by  an  external  band  of  rubber.  All  other  joints  throughout 
the  entire  washing  and  dryiag  system  were  fused.  A  current  of  five  am- 
peres furnished  the  maximtun  flow  of  gas.  The  latter  was  passed  in  turn 
through  the  following:  silver  nitrate,  alkaline  permanganate,  concentra- 
ted sulfuric  acid,  broken  caustic  potash,  a  heated  tube  containing  palladium 
asbestos,  concentrated  solution  of  caustic  potash,  concentrated  stilfuric 
idd,  drying  tower  (beads  and  sulftuic  acid),  soda  lime  and  caustic  potash 
,  and  phosphorus  pentoxide. 
Oxygen. — ^This  gas  was  produced  electrolytically  from  sodium  hydroxide 
tion  from  an  independent  cell  so  as  to  take  ofiF  the  gas  only  from  the 
compartment.  The  generator  was  the  same  as  that  used  for  the 
ation  of  hydrogen,  with  the  omission  of  the  palladium  asbestos 
The  oxygen  was  washed  and  dried  as  described  tmder  hydrogen. 
-The  air  was  washed  and  dried  by  passing  it  through:  (a)  Silver 
te  and  moist  silver  oxide;  (b)  i-i  solution  of  caustic  potash;  (c)  con- 
ttntiated  sulfuric  add^  (d)  concentrated  sulfuric  add  (tower  and  beads) ; 
(«)  broken  stick  potash  and  soda  lime;  (/)  phosphorus  pentoxide. 

Pteparation  of  Molybdic  Oxide. — 500  g.  of  commerdal  molybdic  oxide 
^»ere  converted  to  ammonitun  molybdate  and  treated  with  a  little  am- 
sulfide,  filtered  and  evaporated  to  crystallization.    The  crude 
t  ?ras  recrystallized  five  times  in  large  porcelain  vessds.    The  result- 
product  was  ignited  to  oxide  and  subjected  to  volatilization  in  hydro- 
ic  add  gas.    This  was  done  without  regard  to  temperature  regula- 
The  first  and  last  porticos  of  the  sublimate  were  discarded,  the 
•tennediate  product  bdng  converted  into  ammonium  molybdate.    Large 
fhtinum  dishes  were  the  containing  vessels.     After  evaporation  of  the 
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ammoniacal  solution  to  dryness,  the  residue  was  transferred  to  quartz 
-dishes  and  therein  ignited. 

The  oxide  thus  obtained  was  placed  in  large  quartz  boats  in  a  wide 
bore  quartz  tube  and  subjected  to  a  fractional  sublimation  in  air — at  a 
temperature  just  below  the  fusing  point,  the  crystalline  sublimate  being 
<x>ntinuously  removed  from  the  quartz  tube.    About  one-half  of  the 
oxide  was  sublimed  from  each  charge,  the  remaining  porticms  being  di9> 
<:£U'ded.     It  was  noticed  that  the  boats  and  a  narrow  strip  of  the  quarts 
tube  beneath  the  boats  were  superficially  etched  by  the  long-continued 
heating — due  possibly  to  a  small  quantity  of  alkali  present  in  the  oxide. 
A  portion  of  the  sublimate,  however,  showed  no  tendency  to  etch  a  freA 
boat  even  after  twenty  hotns'  ignition  at  a  slightly  higher  temperature! 
-than  that  of  the  original  sublimation.    Prom  65  g.  of  oxide  45  g.  of  sub- 
limate were  obtained  and  constituted  the  starting  product  for  a  more  car^i- 
ful  fractionation  in  hydrochloric  add  gas.    The  sublimation  of  moiyb-j 
4enum  hydroxychloride  was  carried  out  in  the  apparatus  shown  in  Pig.  L| 
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Pig.  I. 

A.  Quartz  tube  2  cm.  diam.,  length  80  cm. 

B.  Large  quartz  boat. 

C.  Vs  L.  jena  glass  bulb. 

D.  Adapter  ground  to  fit  A,  held  in  place  by  external  band  of  rubber  at  P. 
G.  Entrance  for  dry  air. 

H.    Entrance  for  dry  HCl. 

The  temperature  was  not  allowed  to  exceed  250^  throughout  the  opera 
tion.  A  slow  current  of  dry  air  was  first  passed  in  at  G  to  expel  all 
of  moisture,  after  which  precaution  it  was  possible  to  sublime  large  quan 
titles  of  the  oxychloride  with  no  stoppage  of  the  quartz  tube.  In  the 
sence  of  all  moisture,  the  very  bulky  sublimate  showed  no  tendency 
stick  to  the  sides  of  the  receiving  bulb  so  that  after  removal  of  the 
-cess  of  hydrogen  chloride  by  dry  air  the  contents  of  C  could  be  almi 
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completely  shaken  out  into  a  quartz  beaker.  To  avoid  the  taking  of 
alkali  from  the  Jena  glass  bulb,  washing  was  omitted.  The  sublimate 
ms  dissolved  in  water  and  the  aqueous  solution  transferred  from  the 
quartz  vessels  to  ammonia  water  contained  in  platinum  dishes.  After 
evaporation  to  dryness  the  residue  was  ignited  to  oxide  in  vessels  of  quartz. 

The  sublimation  above  described  was  repeated  four  times,  each  opera- 
tion removing  smaller  residues  of  unsublimed  oxide,  the  last  portion  leav- 
ing no  weighable  residue  after  heating  to  200^  in  HCl.  The  final  fraction 
ef  molybdenum  trioxide  thus  obtained  was  resublimed  in  hydrochloric 
I  add  gas,  dividing  it  into  thirds.  These  three  portions,  upon  conversion 
to  metal,  constituted  Fractions  I,  II  and  III,  used  in  determining  the 
tstio  of  metal  to  oxide. 

Metallic  Molybdenum. — ^The  molybdic  oxide  prepared  as  above  was 
seduced  to  metal  in  quartz  boats.  A  preliminary  reduction  was  found 
iDuite  necessary  because  an  appreciable  quantity  of  oxide  in  the  final  re- 
jection led  to  the  condensation  of  water  in  the  vacuum  apparatus,  man- 
ometer tubes,  etc.    Its  removal  was  difBcult  and  time  consuming. 

The  writer  wishes  to  lay  particular  stress  on  the  fact  that  the  physical 
condition  of  the  metal  had  much  to  do  with  the  ease  or  the  difficulty 
with  which  subsequent  oxidation  could  be  carried  out.  A  very  porous, 
finely  divided  material  could  not  be  obtained  from  the  pure  oxide  after 
the  latter  was  ignited  at  a  temperature  high  enough  to  cause  much  crys- 
tallization, but  if  the  ammoniacal  solution  of  the  hydroxychloride  was 
only  very  gently  ignited  so  as  to  expel  only  the  excess  of  ammonium 
ddoride — ^the  non-crystalline  residue  could  be  very  slowly  reduced  witk 
Die  production  of  metal  offering  ttiftYitniim  surface  and  facilitating  complete 
ttddation.  The  metal  obtained  as  outlined  above  was  preserved  in  a 
desiccator.  It  was  used  in  the  following  determinations:  (Fractions 
I,  II  and  III.)    The  combustion  ftunace  K,  Pig.  II,  was  constructed  of 


Fig.  II. 

•sbestos,  covered  externally  with  sheet  iron.  A  battery  of  special  bum- 
tts  developed  a  temperature  within  the  quartz  core  of  more  than  1000°. 
The  furnace  was  cut  longitudinally  in  equal  parts  so  that  it  could  be  re- 
iBoved  from  the  stationary  quartz  tube  while  the  latter  was  at  white  heat^ 
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This  saved  much  time  in  cooling  the  charge  and  minimized  error  from 
leakage  of  air  into  the  evacuated  tube  during  the  process  of  cooling  to 
room  temperature.  The  special  advantage  of  a  quartz  tube  here  was 
evident  as  cold  water  could  be  applied  to  the  hot  tube  immediately  after 
removing  the  furnace  sections,  effecting  a  cooling  to  room  temperature 
in  a  short  time. 

Apparatus  for  Reduction. — ^The  apparatus  used  in  the  final  produc- 
tion of  metal  was  arranged  as  in  Fig.  II,  A,  a  thick-walled  quartz  tube 
90  cm.  in  length,  internal  diameter  about  2  cm.,  into  which  was  placed 
the  bottiing  tube  of  clear  quartz,  C,  containing  boat  B  and  metal.  The 
quartz  stoppers  were  pushed  into  place  before  removing  the  inner  tube  for 
transference  of  boat  to  weighing  tube.  Connections  at  J  and  E  were 
ground  and  strong  external  bands  of  rubber  were  used  to  hold  the  glass 
adapters  in  dose  contact  with  the  quartz  tube.  P  was  connected  with  a 
manometer  to  an  air  pump,  H,  to  air  apparatus,  I,  to  a  sulfuric 
add  trap  for  the  exit  of  hydrogen  current.  The  glass  stopcocks  at  F,  G, 
H,  I,  and  J  were  all  carefully  reground  with  the  finest  procurable  emery 
dust  and  were  lubricated  with  metaphosphoric  add.  No  measurable 
leakage  into  the  vacuum  was  noticed  after  one-half  hour's  standing,  this 
test  bdng  applied  before  each  reduction  was  carried  out. 

The  use  of  a  vacuum  pump  in  the  reduction  of  the  metal  served  two 
purposes:  first,  the  rapid  and  complete  removal  of  air  before  each  heat- 
ing of  metal  to  constant  weight — as  pure,  dry  hydrogen  could  be  slowly 
admitted  at  J  and  the  washing  of  the  contents  of  the  tube  in  this  gas  be 
carried  out  several  times  before  applying  heat;  secondly,  the  subsequent 
cooling  of  the  metal  was  effected  in  vacuo  and  the  cooled  metal  then  washed 
in  dry  air  admitted  at  H  before  the  bottling  tube  was  removed  by  the 
platinum  wire  D. 


Fig.  III. 

A.  Thick-wailed  transparent  quartz  tube,  length  20  cm.,  inner  diam.  15  mm.,  weight 

32  grams. 

B.  Quartz  boat  containing  metal. 

C.  Capillary  tube  length  14  cm.,  ground  cap  at  P. 

End  of  tube  at  D  ground  inside  to  fit  stopper  E  and  outside  beveled  to  fit  oiy- 
gen  apparatus. 


Weighing  Tube  and  Counterpoise. — ^Weighing  tube  and  cotmterpoise 
shown  in  Fig.  Ill  were  almost  identical  in  weight  and  shape,  the  weight 
of  the  latter  being  brought  to  within  a  milligram  of  the  former  by  the 
introduction  of  a  small  quartz  rod. 
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Apparatus  for  Oxidation. — Arranged  as  in  Pig.  IV.  The  entire  appara- 
tus was  protected  from  dust  by  enclosure  in  a  large  glass  compartment 
with  a  narrow  opening  at  the  top  to  permit  the  escape  of  heat. 
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Fig.  IV. 
A.    Quartz  weighing  tube  boat  at  B. 
C    Platinum  wire  and  spring  to  hold  A  in  place. 
!E  and  F.    Air  and  oxygen. 

D.   Quartz  jacket  tube  to  protect  A  from  direct  flame. 
M.  Pork  to  h(dd  platinum  wire. 

AH  of  apparatus  shown  in  figure  was  enclosed  in  a  large  glass  chamber  to  avoid 
dust. 

Balance  and  Weights. — ^The  balance  used  was  a  Troemner  No.  lo; 
sensibility  factor,  0.00022  g.  Weights,  gold  plated,  were  calibrated  by 
Richard's  substitution  method.  No  rider  was  used.  To  eliminate  small 
errors  in  weighing  from  static  charges  upon  the  quartz  weighing  tubes 
some  highly  radioactive  residues  were  placed  within  the  balance  case. 
It  was  observed  that  quartz  possesses  the  property  of  holding  a  static 
cbarge  to  a  degree  far  surpassing  that  of  glass,  and  weighings  carried 
out  without  the  aid  of  radioactive  material  were  only  satisfactory  after 
ft  period  of  several  hours  for  the  establishme^it  of  equiUbrium.  The  above- 
mentioned  material  lessened  the  time  required  for  weighing  and  eliminated 
troublesome  irregularities  which  could  only  be  traced  to  charges  upon 
the  quartz  apparatus.  Forefinger  and  thumb  stalls  of  lint  free  linen 
much  facilitated  the  manipulation  of  weighing  tube  and  counterpoise  and 
were  found  much  more  convenient  than  either  tongs  or  handkerchief. 

Specific  Gravity  of  Metal  and  Triozide. 

The  means  of  three  determinations  for  both  metal  and  trioxide  were 
used  for  vacuum  corrections.  Pure  toluene,  freshly  distilled  over  sodium 
ftt  no**,  was  selected  for  the  determination,  previous  experiment  having 
established  the  complete  imalterability  of  metal  and'  oxide  in  this  liquid. 

Mo. 

D? (a)  10.270 

D? (b)  10.296 

Dj* (c)  10.278 

Mean,  10.281 

Ratio  Mo :   MoOa. 


MoO>. 

Df 

4  659 

D?« 

4.669 

D?« 

4.76b 

Mean,    4.696 

2053 


JOHN  H.  MOI/UR. 


FlLACnON  I. 

Mo  taken 
in  vacuo. 

Total  number  of 

houn  heating  in 

hydrogen  at  1000  ^ 

MoOi  found 
in  vacuo. 

Atomic 
weight. 

(a)  0.52591 

^5                , 

0.78879 

96.027 

(b)  0.56327 

20 

0.84487 

96.012 

(c)  1. 12757 

24 

I.69117 

96.031 

Fraction  II. 

(a)  0.53014 

21 

0.79517 

96.014 

(6)  1. 10754 

20 

I. 66130 

96.002 

(c)  1. 62 166 

21 

2.43181 

96.080 

W)  1.45530 

22 

2.18259 

96.047 

Fraction  III. 

(a)  0.94968 

18 

1.42428 

96.048 

(*)  0.65659 

20 

0.9870 

96.054 

Mean,    0.035 
Mean  omitting  (c)  Fraction  II,    96.029 

In  the  first  three  of  the  above  determinations  (Fraction  I),  the  metal' 
was  heated  in  hydrogen  for  periods  of  about  six  hours  each  and  required 
four  weighings  to  obtain  constant  weight  (error  =±=0.00002).  In  the 
later  determinations  the  time  of  ignition  was  extended  to  over  seven 
horn's  in  hydrogen  and  averaged  three  weighings  to  secure  constant  weight' 
within  the  same  limit  of  error.  Preceding  each  reheating,  all  air  was  le* 
moved  by  evacuating  the  tube — ^refilling  the  vacutun  several  times  withfi 
hydrogen  (stopcocks  J  and  G,  Fig.  II). 

After  ignition  the  sectional  furnace  K  was  removed — ^the  tube  again 
evacuated  while  still  hot.     After  complete  cooling  had  taken  place, 
vacuum  was  refilled  by  a  cturent  of  air  through  (H),  several  operati* 
instuing  the  removal  of  all  traces  of  hydrogen. 

The  bottling  tube  C,  Fig.  II,  was  closed  before  removal  from 
ignition  tube  and  the  transference  of  the  boat  to  weighing  tube  (Pig. 
Ill)  effected 'by  bringing  the  ground  end  of  C  to  the  open  end  of 
weighing  tube,  pushing  the  boat  into  place  with  a  quartz  rod.  Tube  and 
counterpoise  were  desiccated  over  phosphorus  pentoxide  twelve  houxs 
before  weighing.  The  oxidation  of  the  metal  was  carried  out  as  shown 
in  Fig.  IV.  Heating  in  a  very  slow  current  of  air  was  continued  untS 
nearly  all  of  the  metal  was  oxidized.  The  stopcock  B  was  then  dosed, 
admitting  oxygen  at  F  to  complete  the  operation  at  a  more  elevated  tenn 
perature.  The  quartz  jacket  D  served  to  protect  the  weighing  tube  from 
direct  heating  and  also  to  secure  a  more  uniform  temperature  for  the  tube 
and  contents. 

The  temperature  was  regulated  so  as  to  avoid  all  signs  of  sinteriq( 
of  the  oxide  and  at  no  time  was  high  enough  to  cause  more  than  a  sUght 
volatilization  of  the  oxide  above  the  boat.    The  weighing   tube  A  was  * 
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held  in  the  ground  adapter  F  by  the  platinum  wire  and  spiral  springs 
at  C.  As  the  inital  heatings  in  air  and  oxygen  were  carried  out  at  the 
lowest  reacting  temperature,  the  time  required  to  complete  the  oxida- 
tion was  nearly  as  great  as  that  expended  in  the  reduction  to  metal, 
averaging  about  fifteen  hours. 

It  win  be  noticed  that  the  result  of  determination  C,  Fraction  II, 
b  considerably  higher  than  the  other  values  obtained,  which  can  probably 
be  explained  by  the  fact  that  the  boat  was  in  this  instance  taxed  to  its 
|imit  of  capacity — ^the  metal  requiring  an  abnormally  long  series  of  heat* 
in  oxygen  to  constant  weight  while  sothe  doubt  was  entertained  as 
the  complete  reduction  of  this  larger  quantity  of  metal.  In  view  of 
above  considerations,  the  writer  feels  justified  in  selecting  the  mean 
the  eight  more  concordant  results  (96.029)  as  the  most  probable  value. 
The  practically  perfect  condition  of  the  quartz  boat  and  weighing  tube 
aU  of  the  above  determinations — ^representing  about  190  hours  in 
at  1000^  for  the  former  and  about  150  hours  for  both  tube 
boat  in  air  and  oxygen  near  the  subliming  point  of  oxide,  proved  con- 
dvdy  that  metallic  molybdenum  and  its  oxides  have  no  efTect  on  quartz 
igh  a  wide  temperature  range.  This  fact  is  of  interest  as  other  more 
lonly  used  substances,  porcelain  and  platinum  in  particular,  are  very 
idely  affected  under  like  circumstances. 

£ffort  was  made  to  prepare  molybdic  add  without  using  quartz  or 
mm  vessels,  but  the  product  obtained  could  not  be  subsequently 
)limed  in  quartz  without  a  decided  etching  of  the  boat  and  tube.    Sev- 
samples  of  supposedly  ptu'e  oxide  from  different  sources  likewise 
a  noticeable  effect  upon  quartz  when  an  air  sublimation  was 
ipted.     Hence,  it  was  concluded  that  the  etching  in  the  above  men- 
cases  must  be  laid  to  the  presence  of  small  quantities  of  alkali 
not  to  any  action  of  molybdentun  or  its  oxides.    Possible  error  from 
ition  of  the  oxide  dtuing  the  long  periods  of  heating  in  air  and 
seemed  to  have  been  entirely  obviated  by  the  special  construc- 
of  the  weighing  tube  (Fig.  III). 
Pteliminary  experiments  were  made  to  establish  this — ^using  a  tempera- 
much  higher  than  that  used  in  the  actual  determinations — all  of  the 
having  been  driven  out  of  the  boat  into  the  weighing  tube  to  a  point 
to  the  capillary  without  loss  in  weight. 

Behavior  of  Metallic  Molybdenum  in  Hydrogen. 

The  possible  absorption  of  hydrogen  by  metallic  molybdenum  and  con- 
it  source  of  error  was  investigated  through  a  range  of  temperature 
0^  to  600^,  fixing  the  pressure  at  o .  5  mm.  and  plotting  weight  against 
iture. 
The  apparatus  used  was  similar  to  that  shown  in  Fig.  II,   less   the 
K  and  the  inner  tube  C.    The  heavy  quartz   tube   A  was 
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surrounded  by  an  asbestos  covered  metal  jacket  furnished  with  a  pynmH 
eter.  Approximately  three  grams  of  molybdenum  were  introduced 
into  the  weighing  tube  (Pig.  Ill)  which  was  then  sealed  off  at  the  wid» 
end,  leaving  open  only  the  capillary  C.  The  weighing  tube  containing 
metal  was  now  introduced  into  the  quartz  ignition  tube  and  the  apparatus! 
then  evacuated,  refilling  repeatedly  with  hydrogen  to  expel  all  air.  Tbej 
tube  was  then  raised  to  red  heat  for  seven  hours  and  finally  cooled  to  roootj 
temperattu*e  in  hydrogen.  The  inital  weighing  was  taken  after  evi 
tion  of  the  hydrogen  at  20**  and  replacement  of  the  latter  by  air. 
series  of  weighings  were  then  made,  fixing  the  pressure  in  hydrogen 
5  mm.  and  cooling  to  room  temperature  at  this  pressure  in  hydrogen 
fore  replacing  the  latter  by  air. 

Presnire  in  hydrogen.  Weight  of  mctml 

Ini 


Cooled  from  Mm. 

20®  to  o*  760  3.31980 

50*"  to  20®  760  3.31981 

I00*t0  20®  0.5  331994 

200**  to  20®  0.5  3.32001 

360*  to  20®  0.5  3-31997 

50o't0  2o'  0.5  3-31991 

580®  to  20*  0.5  3.3J988 

From  these  results  it  was  concluded  that  any  error  due  to  absorpt 
of  hydrogen  by  the  metal  was  negligible  and  that  the  evacuation  of 
and  replacement  of  hydrogen  by  diy  air,  as  carried  out  in  all  of  the 
terminations  of  the  ratio  of  metal  to  oxide,  accomplished  the  com] 
removal  of  hydrogen  from  the  metal. 

Conclusion. 

In  concluding,  it  may  be  stated  that  the  method  used  in  the 
experiments  for  determining  the  ratio  of  molybdenum  to  its  tri^ 
differs  from  other  investigations  of  the  same  ratio  in  the  following 
tials: 

1.  The  purification  of  materials  was  greatly  aided  by  the  use  of 
quartz  apparatus  which  proved  to  be  quite  unaffected  by  molybdi 
and  its  oxides. 

2.  Provision  was  made  for  complete  prevention  of  loss  of  molyl 
oxide  by  volatilization. 

3.  An  air  sublimation  of  the  trioxide  in  quartz  and  the  fractional 
of  molybdenum  hydroxychloride  to  constant  composition  under 
regulated  temperature  conditions  to  insure  complete  absence  of  tunj 

4.  A  protracted  preliminary  reduction  of  the  oxide  in  large  boats  offi 
ing  maximum  surface  for  complete  removal  of  oxygen,  and,  finally, 
choice  of  an  oxidation  of  the  metal  in  place  of  the  reduction  of  the  wei| 
oxide,  made  possible  through  the  use  of  the  quartz  bottling  ap] 
together  with  the  construction  of  a  weighing  tube  to  prevent  loss  of 
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The  vapor  densities  of  phosphorus  pentachloride  have  been  studied 
by  Mitscherlich^  (one  observation)  and  by  Cahours^  at  atmospheric  pres- 
sure. Wtu-tz'  and  Troost  and  Hautefetulle^  made  measm-ements  at  re- 
duced pressures,  the  former  mixing  the  vapor  with  air  for  the  purpose. 
Wurtz^  also  studied  the  effect  of  excess  of  phosphorus  trichloride  on  the 
densities.  All  these  results  have  been  studied  in  an  instructive  manner 
by  Willard  Gibbs,*  and  the  last  set  also  by  Wegscheider.''  Recently 
Carl  Holland/  working  under  Nemst,  has  published  additional  measure- 
ments which  he  uses  to  obtain  a  general  formula  and  to  calculate  the 
heat  of  reaction.  His  observations  and  the  results  calculated  by  him 
from  them,  however,  are  not  in  harmony.  Thus,  from  the  first  series  of 
four  observations,  he  deduces  the  following  values  for  a,  namely  0.214, 
0.740,  0.850,  0.978.  Our  calculation  from  the  same  data  shows  that  the 
values  should  be  0.243,  0.752,  0.855,  0-975-  If  ^^  observed  value  of  d  (see 
below)  in  the  first  observation  had  been  494  instead  of  464,  the  value  0.214 
would  have  been  correct.    Again,  Holland  defines  log  K  for  acetic  add 

vapor   as    log    ^^^m     The    corresponding   formula   for    the 
^      [CHaCOOH]^  ^  ^ 

pentachloride  is  not  given,  and  no  particulars  as  to  the  units  em- 
ployed in  expressing  the  concentrations  for  either  substance  are  to  be 
found  in  the  paper.  In  the  dissertation,  however,  for  the  loan  of  which 
we  are  indebted  to  the  Librarian  of  Yale  University,  Holland  states  that 

for  acetic  add  K  =  -^ ^ ,  where  p  is  the  observed  presstue  and  d 

d  RT  760  ^  ^ 

is  the  difference  between  the  observed  pressure  and  that  which  would 
have  been  exerdsed  if,  on  cooling  from  a  temperature  at  which  dissoda- 
ticHi  was  complete,  only  the  laws  of  Boyle  and  Charles  had  been  in  opera- 
tion and  no  combination  had  taken  place.  Hence  d  represents  the  partial 
I»:essure  of  the  PCU  molecules  and  p — d  the  sum  of  the  partial  pressures 
<rf  the  two  dissociation  products.    This  formula  is  the  inverse  of  the  one 

•  i^flff.  Ann,,  apy  221  (1833). 

'  Compt,  rend.,  ai,  625  (1845);  Ann,  chim.  phys,,  [3]  ao,  369  (1847). 

•  Ompt.  rend.,  76,  601  (1873). 
*/Wtf.,83,977(i876). 

•  2&W.,  76,  610  (1873). 

•  Am.  J.  Sci.  and  Arts.,  [3]  z8,  381  (1879). 
'  MomUshefte  Chem.,  ao,  307  (1899).- 

•  Z.  EUktrochem.,  18,  235  (1912). 
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indicated  in  the  paper.  The  values  of  log  K  given  in  Holland's  table> 
however,  are  entirely  different  from  those  which  we  obtain  by  substi- 
tuting his  data  in  the  above  formula,  after  adapting  it  to  the  case  of  the 
pentachloride  by  substituting  {(p  —  (i)/2 }  *  for  (p  —  d)*.  Thus,  taking 
the  first  set  of  four  observations,  and  assuming  R  =  0.0821,  we  obtain 
for  log  K:  3.22239,  2.67977,  1.02926,  1.91442,  while  Holland  gives  the  values 
1.91668,  2.44032,  2.09091,^  4.96885.  His  values,  indeed,  diminish  pro- 
gressively while  om"s  increase.  Using  p  —  d  as  the  numerator  3delds, 
naturally,  no  better  correspondence.  Employing  the  same  formula 
inverted  leaves  the  numbers  still  wholly  discordant.    With  the  formula 

dRT 
K  =  -7 — 7-,  which  corresponds  with  the  inverted  form  in  the  pub- 

lished  paper,  but  omits  the  correction  to  atmospheres,  we  obtain  from  the 
same  fotu-  sets  of  data  the  following  values  for  log  K:  T.89680,  2.43942, 
2.08993,  3*20477.  The  first  three  results  now  agree  fairly  well  with 
Holland's,  but  the  fourth  does  not.  If  in  calculating  the  fourth  result  we 
employ  the  temperatitfe  on  the  centigrade  scale,  340**  C.  instead  of  613*" 
abs.,  we  obtain  log  K  =  4-94^79>  which  is  much  closer  to  Holland's  value. 
The  remaining  seven  values  of  log  K  are  all  incorrect,  but,  being  too  great, 
cannot  be  explained  in  the  same  way  as  the  fourth.  The  fifth  should 
be  0.24661  instead  of  0.47643.  Here,  if  the  value  of  ^  in  the  sixth  ob- 
servation, namely  1779.0  had  been  used  by  mistake  instead  of  the  value 
of  d  (1029.3)  in  the  numerator  only,  the  log  K  would  become  0.48424^ 
which  is  nearer  to  his  value.  Apparently  this  was  the  formula  employed, 
although  with  some  inconsistency,  the  basis  of  which  we  have  not  succeeded 
in  determining.  Emplo3anent  of  his  incorrect  values  of  a  does  not  remove 
the  inconsistency.  Dr.  Calvert  and  Professor  C.  M.  Carson  have  both 
been  kind  enough  to  make  the  calculations  independently  and  their 
results  agree  with  ours. 

In  the  dissertation  (p.  25)  Holland  states  that  the  eleven  sets  of  data  giveik 
were  chosen  from  a  large  number,  and  were  selected  on  account  of  the 
fact  that  they  were  very  consistent.  The  confusion  in  his  figures  raises 
the  question  whether,  after  all,  he  did  make  the  best  selection,  as  well  as 
the  question  whether  it  is  ever  advisably  to  publish  only  those  results  which 
appear  to  be  favorable.  It  is  worth  noticing  also  that  the  temperatures, 
which  reach  as  high  as  358  ^,  were  determined  with  a  mercury  thermometer. 
There  are  also  numerous  misprints  (Gay-Cassac  for  Gay-Lussac,  462^ 
abs.  for  465®  abs.,  etc.).  Then,  too,  the  same  s3anbol  is  used  for  differ- 
ent things  and  different  S3nnbols  for  the  same  thing.  Thus,  on  p.  24,  in 
line  I,  he  employs  p  for  the  total  observed  presstu-e  while  in  line  5  it  is 
equivalent  to  the  partial  pressure  of  the  associated  molecules.  Again, 
on  p.  23,  line  2  from  below,  he  defines  P  as  the  pressure  calculated  for  no 
^  In  the  published  paper,  this  value  is  given  as  i. 09091. 
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leacdon— that  is,  no  association  on  cooling.    But  on  the  same  page, 

he  gives  the  formula  K  =  ^— ^ —,  which  is  correct  only  if  P  is 

(2A  —  6)8 

m  total  observed  pressure  (one  of  the  senses  in  which  p  was  employed). 

Be  also  gives  K^  =  ,  where  a;  is  a  misprint  for  a  used  in  the  table, 

I  — x^ 

ivid  the  formula  is  correct  only  provided  P  is  the  total  observed  pressure. 

An  the  published  observations  mentioned  above  refer  to  the  unsaturated 

ipor.    The  present  measurements  concern  the  saturated  vapor,  in  equil- 

with  the  solid  phase. 

The  Apparatus. — ^The  bath  and  thermometer  were  the  same  as  in  the 

iy  of  the  ammonium  halides,^  except  that  paraffin  was  used  as  the 

-liquid.    The  bulb  was  modified.    The  phosphorus  pentachloride  was 

!d  in  bulb  A  (Fig.  i).    The  bottom  of  this  bulb  was  blown  very 


SODA    l|0^ 
LIMC 


Fig.  I. — ^Vapor  Density  Bulb. 

to  facilitate  subsequent  breaking.  After  being  filled,  the  neck  was 
ottt  to  a  capillary,  about  half  of  the  substance  was  distilled  out,  and 

capillary  was  sealed  at  B.  This  distillation  removed  impurities, 
as  the  trichloride  and  oxychloride  of  phosphorus,  chlorine,  and 
lorus,  which  might  have  been  present.  The  charged  bulb  was  then 
:d  and  enclosed  in  the  bulb  C,  and  the  latter  was  attached  at  N  to 

vapor  density  bulb  D.  The  drying  tube  E  contained  soda-lime  and 
>horus  pentoxide.  The  apparatus,  with  the  exception  of  the  part 
ig  the  drying  agents,  was  then  warmed  with  a  Bunsen  flame  to 
off  moisture  adhering  to  the  inner  surface  of  the  glass.    When  cold, 

^  SmiUi  and  Lombard,  Tms  Journai^,  37,  38  (1915). 
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it  was  sealed  at  F.    After  l3dng  in  this  condition  twenty-four  hours,  tk 
bulb  containing  the  pentachloride  was  broken  by  shaking  the  ap 
The  tube  was  then  opened  at  F,  sealed  at  that  point  on  to  the 
evacuated  to  o.i  nun.,  and  finally  sealed  off  from  the  ptunp  at  H. 
heating  and  pentoxide  enstu-ed  the  absence  of  moistiure  when  the  peni 
chloride  bulb  was  broken,  and  the  pentoxide  prevented  access  of  m 
while  the  bulb  was  being  sealed  to  the  pump.    The  soda-lime  was 
to  prevent  chlorine  or  hydrogen  chloride  from  entering  the  pump. 

Tablb  I. — Dbnsitdss  of  PCU  Vapor  (Satxtratbd) — ^Data. 

G.  PCU  in  VoL  cc.  Vapor  dens.  DeTiatloa        Vapor  dent. 

large  tmlb.        large  bulb.  G.  per  oc  from  mean.      Moles  per  I#. 

90°  O.OII7  59.29  0.000197  00  0.000943 

0.0145  73-74  0.000196  —     I  0.000942 

o.oia6  61.76  0.000204  +     7  0.000980 

0.0135  70.66  0.000x90  —     7  0.000914 

Average  vapor  density 0.000197  *  2,  or  «fe  1.0%  0.000945 

100^  0.0279  84.08  0.000332  00  0.00159 

0.0293  87.06  0.000337  +     5  0.00162 

0.0245  74.08  0.000331  —     I  0.00159 

0.0236  73.72  0.000320  —  12  0.00154 

0.0283  83 '87  0.000338  +    6  0.00163 

Average  vapor  density 0.000332  ^2,  or  0.6%  0.00159 

no*  0.0320  55.86  0.000573  +    4  0.00275 

0.0490  87.06  0.000563  —    6  0.00270 

0.0485  85.19  0.000569  00  0.00273 

0.0420  73.72  0.000570  +     I  0.00274 

Average  vapor  density 0.000569  *!,  or  0.2%  0.00273 

I20*  0.0575  61.67  0.000933  +    4  0.00448 

0.0603  65.07  0.000927  —    2  0.00445 

0.0781  84.29  0.000927  —    2  0.00445 

0.0589  63.50  0.000928  00  0.00446 

Average  vapor  density 0.00929    ^0.5,  or  ^0.1%  0.00446 

140**            0.1737            74-39  0.002335            +  59  O.OIX2X 

0.1484            63.59  0.002333             +  47  o. 01 120 

0.1658             77.91  0.002129            — 157  0.01022 

0.1617            68.88  0.002348             +  62  0.0x127 

Average  vapor  density 0.002286  ^41,  or  >fci.8%  0.01098 

150**  0.2874  84.55  0.003399  —  49  0.01632 

0.3021  87.02  0.003471  H-  23  0.01666 

0.2473  70.93  0.003487  +  39  0,0x674. 

0.2547  73.83  0.003450  +     2  0.0x656 

0.2550  74.27  0.003433  —  15  0.0x648 

Average  vapor  density 0.003448  =*=  12,  or  =^0.35%  0.01655 

160®  0.3110  65.24  0.004767  — 166  0.02288 

0.4029  81.00  0.004974  +  41  0.02388 

0.4264  84.28  0.005059  +126  0.02429 

Averag^e  vapor  density 0.004933  *64,  or  *  1.3%  0.02368 


r 
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The  Data. — ^As  the  vapor  pressure  of  phosphorus  pentachloride  reaches 
mm.  at  162.8°,  the  measurements  extended  from  160°  down  to  90°. 

ice  unmersion  in  the  bath  for  45  and  25  minutes  at  100°  gave  identical 

Its,  the  period  of  immersion  was  25  minutes  at  all  the  other  tem- 

itores.    The  weight  of  phosphorus  pentachloride  in  the  large  bulb 

.  2)  was  determined  by  precipitating  the  chlorine  as  silver  chloride. 

method  of  calculating  the  results  was  the  same  as  that  used  by  us 

the  case  of  the  ammonium  halides.^ 
In  Table  II  the  results  are  summarized.    The  dissociation  pressures 

»L  7)  are  those  determined  by  Smith  and  Calvert,'  and  the  values  at 
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2. — ^Density  of  Saturated  Phosphorus  Pentachloride  Vapor.  Curve  I:  Undis- 
socia ted  (calculated).  Curve  II:  Observed.  Curve  III:  Completely  Dissociated 
(calculated). 

*  Tms  JoixRNAL,  369 1363  (19x4). 
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90*  and  100 **  are  correct  =*=3  mm.  and  at  the  higher  temperatures  ±  5 
mm.  For  the  purpose  of  comparison,  the  densities  which  the  vapor  would 
possess  if  it  were  undissociated  (Col.  5)  and  completely  dissociated  (Col. 
6),  and  yet  exercised  the  meastu-ed  dissociation  pressures,  are  given. 
To  show  the  relationship  between  the  observed  vapor  denaties  and  those 
calculated  for  no  dissociation  and  for  complete  dissociation  the  values 
are  plotted  in  Fig.  2.  It  will  be  seen  that  the  curve  of  observed  values 
lies  close  to  that  calculated  for  the  densities  of  the  undissociated  substance. 
Above  100®  the  etudes  are  practically  parallel,  showing  that  the  effect 
of  higher  temperatures  in  increasing  the  degree  of  dissociation  is  almost 
exactly  counterbalanced  by  the  effect  of  the  higher  dissociation  pressures 
in  inhibiting  dissociation. 

Tablb  II. — DBNsrrms  of  PCU  Vapor  (Saturated) — Summary. 

Vapor  density. 


•p* 

!mp. 

■* s 

Abs. 

Observed  (A). 

Calculated. 
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IC 

Undissoc.         CompL  dissoc. 
Mols  per  L.         Mots  per  L. 

J./ 1990 

C. 

G.  per  cc. 

Mols  per  L. 

Mni 

90 

363 

0.000197 

0.000945 

0.000795            0.000398 

18 

100 

373 

0.000332 

0.00159 

0.001505            0.000753 

35 

IIO 

383 

0.000569 

0.00273 

0.00281              0.00140 

67 

120 

393 

0.000929 

0.00446 

0.00477              0.00239 

117 

130 

403 

•    •    •    • 

•    •   •    • 

0.00760              0.00380  1 

191 

140 

413 

0.002286 

0.01098 

0. 01 142              0.00571 

294 

150 

423 

0.003448 

0.01655 

0.01688              0.00844 

445 

160 

433 

0.004933 

0.02368 

0.02481              O.OI241 

670 

The  percentage  dissociation  of  the  saturated  vapors,  calculated  from 
the  data  in  Table  II,  is  given  in  Table  III. 

Table  III. — PCU,  Percentage  Dissociated — a. 

Temp.  90*.  100».  llO**.    120^    130*.   140«.   150«.   160*. 

Percentage...     apparently  assoc.    apparently  assoc.    2.8     7.1     ...     4.0    2.0    4.8 

Even  if  we  assume  an  error  of  — 3  mm.  in  the  dissociation  pressure  at 
90°,  and  use  the  maximtuH  value,  21  mm.,  the  vapor  density  of  the  undis- 
sociated substance  would  be  0.000927  moles  per  liter,  or  slightly  less 
than  the  value  found.  There  appears  therefore  to  be  a  slight  degree  of 
association  at  90°  and  possibly  at  100°. 

On  accoimt  of  the  form  of  the  relation  between  the  density  and  the 
value  of  a,  a  very  slight  error  in  the  former  produces  a  large  divergence 
in  the  latter.  The  results,  therefore,  although  irregular,  are  not  incon- 
sistent with  the  estimated  accuracy  of  the  measurements,  involving  a 
limit  of  error  of  from  o.i  to  1.8%. 

General  Formula  for  the  Dissociation  Presstures. — A  Kirchoff-Rankin- 
Dupr^  equation  for  the  dissociation  pressures,  based  on  three  points 
(i6o^  670  mm;  140°,  294  mm;  108.2*^,  60  mm.)  was  computed:  log  P  = 
— 6724.22/T —  19.1978  log  T  +  68.9701,    This  formula  represents  the 
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pressures  up  to  1 60**  with  a  divergence  of  not  more  than  5  mm.  (see  Table 
IV). 

TaBLS  IV. — ObSSRVBD  AMD  CaXX:UI«ATSD  PRBSS17XS3 — ^PCU. 


Tonp. 

a&c. 

Cidc. 

Diff. 

Temp. 

S.  &C 

Calc 

Diff. 

90.0 

18 

20 

+2 

140.0 

294 

294 

. .  • . 

98.1 

31 

33 

+2 

150.0 

445 

450 

+  5 

108.3 

60 

60 

•    •    • 

157.7 

608 

612 

+  4 

120.0 

"7 

"3 

—4 

160.0 

670 

670 

•   • 

133.0 

219 

214 

5 

162.8 

760 

745 

—15 

Latent  Heat  of  Vaporization.-— With  the  assistance  of  the  above  equa- 
tion, the  molar  latent  heat  of  vaporization  was  calculated  by  the  mediod 
nsed  in  the  case  of  the  ammonium  halides.  The  Clausius-Clapeyron 
equation,  with  the  values  inserted,  is  as  follows: 

I,  =  T  ^  [-^^  -  ^1  ^?^  Kg.  cal. 
760  L0.4343  T«         T   J     Am     ^ 

The  molar  heats  of  vaporization  are  given  in  Table  V. 

Tab^  V. — ^Latsnt  Hsats  of  Vaporization  (Kg.  cal.  per  mol). 

Temp.  90*».       100'.      110®.      I20».      140*.      150*.      leo*. 

Utheat 14.2     15.6    16.6    16.9    15.6    14. 9    14.9 

Average  value  15.5  ^a28,  or  «bi.s%. 

The  observed  values  of  the  degrees  of  dissociation  were  too  small  and 
too  irregular  to  permit  of  the  calculation  of  the  heat  of  dissociation.  It 
is  evident,  however,  that  the  value  is  negative,  i,  e.,  heat  is  absorbed  by 
the  dissociation  of  the  saturated  vapor. 

Note  on  fhe  Previous  Results  with  Ammonium  Iodide.— It  will  be  re- 
called that  below  345^  the  vapor  of  this  substance  was  fotmd  to  be  in 
part  associated  and  above  345  **  but  little  dissociated.  That  no  secondary 
reaction  was  responsible  for  this  result  was  shown  by  the  fact  that  when 
the  bulbs  were  opened  under  water,  no  permanent  gas,  such  as  nitrogen 
or  hydrogen,  was  found.*  A  colleague  has  suggested  that  a  soluble  gas, 
such  as  hydrogen  iodide  or  ammonia  might  have  been  present.  Although 
it  is  not  clear  to  us  how  this  could  have  occurred,  without  the  simultaneous 
presence  of  an  insoluble  gas,  nevertheless  it  seemed  worth  while  to  settle 
the  question  by  a  decisive  experiment.  Two  vapor  density-bulbs  (60-75 
cc.  capacity,  with  attached  small  bulb),  similar  to  those  used  in  the  pub- 
lished experiments,  were  used.  Ammonium  iodide  was  placed  in  the 
small  bulb.  After  evacuation  and  sealing,  they  were  kept  for  30  minutes, 
one  at  330  **,  and  the  other  at  340®.  To  avoid  the  risk  of  cracking,  they 
were  removed  from  the  bath  without  being  sealed  apart.  When  opened 
under  mercury,  they  filled  up  at  once  and  only  a  small  bubble  of  gas 
(estimated  by  comparison  with  a  buret  to  be  not  over  0.3  cc.)  remained. 
*  Loc,  cii.,  p.  107. 
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This  was  undoubtedly  the  air  not  originally  removed  by  the  pump  aal 
absorbed  air  liberated  from  the  surface  of  the  salt  and  of  the  glass  by  tk 
heating.  The  original  conclusion,  that  ammonium  iodide  in  the  state  of 
sa,turated  vapor  is  in  part  associated,  is  therefore  undoubtedly  correct: 

Summary. 

1.  The  vapor  densities  of  the  sattu'ated  vapor  of  phosphorus  pentft" 
chloride  were  determined  from  90^  to  160^. 

2.  The  degrees  of  dissociation  calctdated  from  the  vapor  densi 
show  that  the  saturated  vapor  is  somewhat  associated  at  90^,  and 
ted  to  an  approximately  constant  extent  of  about  4%  from  iio^  to  160 

3.  The  latent  heat  of  vaporization  was  calculated  to  be  15.5  Eg. 
per  moL 

4.  A  note  on  the  case  of  ammonium  iodide,  previously  investiga^ 
is  appended. 

NiCBQLS  I/ABCNtATOBISa  OV  ImOROAIOC  CHMMlMttLY, 

Columbia  Unrmaam, 

Nsw  TOXK  ClXT. 
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NOTES. 

A  Convenient  Weighing  Pipet. — ^Recent  work 
the  author  has  made  necessary  the  extensive  use 
a  weighing  pipet.    One  of  the  type  suggested 
Mertes^  was  first  adopted,  but  was  found  to 
the  following  disadvantages: 

1.  It  is  inconvenient  to  fill  and  difficult  to 

2.  The  necessary  size  of  the  tubing  for  the 
to  permit  of  its  being  hung  on  the  balance, 
the  larger  sizes  too  fragile. 

To  remove  these  defects  the  form  shown  in 
was  devised.    It  consists  essentially  of  an 
pipel  body  fitted  with  a  stopcock  at  the  boi 
and  a  short  neck  of  thick-walled    narrow 
tubing  with  a  bulb,  A,  blown  in  it.    The  p 
of  this  latter  is  two-fold:  first,  to  serve  as  an 
flow  bulb  when  filling,  and  second,  to  serve 
means  of  support  by  preventing  the  neck 
slipping  through  the  supporting  hook    B, 
hangs  from  the  balance  arm.    The  supporting 
is  made  out  of  some  sheet  metal,  such  as 
about  one  millimeter  thick.    Two  elevations  of 
latter,  front  B,  and  side  C,  are  shown.    The 
£  is  cut  slightly  wider  than  the  diameter  of 
*  /.  Ind.  Eng.  Chem,,  7,  236  (1915). 
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neck  of  the  pipet  so  as  to  admit  the  latter  freely,  and  yet  not  wide  enough 
to  allow  the  bulb  A  to  slide  through. 

A  series  of  such  pipets  of  var3ring  capacities,  having  the  same  sized  neck» 
may  be  constructed  and  thus  used  with  the  same  hook.  For  use  with 
quantities  less  than  their  total  capacity  the  larger  pipets  may  be  graduated 
to  indicate  every  5  cc.  or  so.  For  use  with  more  volatile  liquids  ground 
glass  ci4>s  may  easily  be  fitted  both  to  the  top  and  bottom  to  prevent 
possible  evaporation.  Anyone  having  a  litfle  skill  at  glass-blowing  can 
OGostruct  this  type  of  pipet,  and  to  make  its  construction  still  more  simple 
it  can  be  made  from  the  body  of  an  ordinary  plain  pipet. 

The  advantages  of  this  form  of  pipet  can  readily  be  seen;  it  is  easily 
filled  and  cleaned,  and  its  compactness  permits  its  being  conveniently 
weighed  on  the  ordinary  analytical  balance.  Furthermore,  its  lack  of 
bBgility  reduces  the  probability  of  breakage.  'Brask  Haix. 

BoeToir,  Mass. 


Note  on  the  Interpretation  of  Molecular  Weight  Results  from  Meas- 
mments  on  Solutions  (with  special  rd^erence  to  a  paper  by  Beckmann 
and  Maxim). — In  a  recent  memoir,^  Beckman  and  Maxim  record  some 
measurements  of  the  molecular  weight  of  phenol  which  were  made  in  order 
to  test  the  influence  both  of  temperature  and  the  nature  of  the  solvent. 

Two  solvents  were  employed,  carbon  tetrachloride  and  bromoform, 
the  former  at  four  different  temperatures,  namely  — 23^  +75.4**,  +66.3° 
and  +54.1®,  the  latter  only  at  its  freezing  point  (+8®). 

In  all  cases,  phenol  was  foimd  to  be  associated,  the  degree  of  association 
increasing  continuously  over  the  whole  range  of  concentration  tested, 
being  about  i.o  in  very  dilute  solution  and  exceeding  3  in  the  strongest 
solutions  in  freezing  carbon  tetrachloride. 

Prom  the  comparison  of  the  degree  of  association  at  the  same  concen- 
trations in  carbon  tetrachloride  the  condusioh  was  drawn  that,  at  any 
late  between  75.4*^  and  54.1**,  alteration  of  temperatiu-e  has  but  little 
effect  on  the  molecidar  weight  of  phenol.  At  — 23  **  (freezing  carbon  tetra- 
diloride)  the  degree  of  association  is  distinctly  greater  than  at  75°,  but, 
even  so,  variation  of  temperature  was  held  to  be  much  less  effective  in 
altering  the  molecular  size  than  variation  of  concentration. 

The  interpretations  given  by  Beckmann  and  Maxim  of  their  results 
teem  to  the  writer  somewhat  inadequate.  It  may  be  pointed  out  that, 
in  the  measurements  of  Beckmann  and  Maxim  (as  in  all  similar  measure- 
ments), the  actual  effect  of  temperatiu-e  connot  be  ascertained  until  a 
second  factor  is  accounted  for,  namely,  the  variation  of  the  dielectric 
constant  of  the  solvent  with  the  temperature;  for,  the  influence  of  the 
>  Z.  pkysik.  Chem.,  89,  411  (1915)- 
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nature  of  the  solvent  can  in  a  large  measure  be  correlated  with  the  magoir 
tude  of  its  dielectric  constant/  the  degree  of  association  being  greater 
the  lower  the  dielectric  constant. 

Now  as  the  dielectric  constant  diminishes  with  rise  of  temperature,  the 
two  factors,  namely,  increase  of  temperature  (tending  to  produce  dissocia- 
tion) and  decrease  of  dielectric  constant  (permitting  an  increased  degree 
of  association),  serve  in  some  measure  to  counterbalance  one  another. 
No  measurement  appears  yet  to  have  been  made  of  the  variation  with  tenh 
perattu-e  of  the  dielectric  constant  of  carbon  tetrachloride,  so  that  the] 
true  efFect  of  temperatiu-e  in  reducing  the  degree  of  association  cannot  bej 
ascertained.  It  wUl,  undoubtedly,  be  greater  than  Beckmann  and  Maiimj 
conceive. 

Although  not  indicated  by  Beckmann  and  Maxim,  their  results 
in  harmony  with  the  nile  that  the  higher  the  dielectric  constant  of 
solvent  the  smaller  the  degree  of  association  of  the  solute.    The  foUowii 
figures  illustrate  this  fact: 


Didective 
constant. 


^vent. 

Carbon  tetrachloride  (23  *) . . .  2 .  25i8«»' 
Biomofonn  (+8**) 4.58n«»* 


Grams  of  phenol 
per  100  cc.  solution. 

2.50 
2.50 


Degree  of 


2.85* 
1. 16 


The  order  is  the  same  at  other  corresponding  concentrations  and 
unchanged  even  if  the  results  in  boiling  carbon  tetrachloride  be  comp^ 
with  those  in  freezing  bromoform.  W.  E.  S.  Turnbr. 

Tbs  UmvSKsmr,  Smtwisu),  Bnolamd. 


An  Allotropic  Modification  of  Lead. — ^The  existence  of  a  gray  allol 
modification  of  lead  has  recently  been  observed  by  Heller,*  who  fc 
that,  when  a  piece  of  bright,  pure  lead  was  placed  in  a  nitric  acid  solul 
of  lead  acetate,  transition  commenced  at  the  end  of  two  days  and 
complete  at  the  end  of  about  three  weeks. 

A  similar  phenomenon  has  been  observed  by  the  writer  in  an  electrol] 

experiment,  which  substantiates  Heller's  observation:    The  electrol] 

employed  in  this  experiment  was  nitric  acid  (sp.  gr.  1.42),  the  cath< 

a  piece  of  sheet  lead  2  cm.  wide,  2  mm.  thick  and  10  cm.  long,  and 

anode  a  thin  piece  of  platinum  foil.     A  current  of  2-3  amperes  at  6 

was  passed  through  the  electrolyte  for  eight  hours,  at  the  end  of  wl 

time  the  current  was  stopped  and  the  lead  cathode  removed  immediat 

^  Meldnim  and  Turner,  /.  Chem.  Soc,  93,  876  (1908);  94,  1605,  1805  (19M 
Turner,  Ibid.,  99,  880  (191 1);  xoz,  1923  (1912);  Turner  and  Pollard,  Ibid.,  105,  i; 
(1914);  Turner  and  Bissett,  Ibid.,  105,  1777  (1914);  Turner,  "Molecular  Aasodat 
Longmans,  19x5. 

*  B.  B.  Turner,  Z.  physik.  Chem.,  35,  385  {1900). 

•  Canwood  and  W.  E.  S.  Turner,  /.  Chem.  Soc.,  Z04,  276  (1915). 

*  Determined  graphically  from  Beckmann  and  Maxim's  data. 

•  H.  HeUcr,  Z.  physik.  Chem.,  89,  761  (1915). 
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Bsamination  showed  that  the  portion  of  the  lead  cathode  in  the  electro- 
lyte had  increased  shghtly  in  volume,  and  that  it  had  lost  its  former 
malleability  and  firmness.  Its  bright  color  had  changed  to  gray.  On 
robbing  the  lower  part  of  the  electrode  between  the  fingers,  it  was  found 
to  have  been  completely  transformed  into  small  particles,  which  could 
be  rubbed  into  a  fine  powder,  or  pressed  together  into  a  soft  mass. 

Hbnry  Jbrmain  Maudb  Crbigrton. 


SVAKTmOKS   COUMOM, 

Jnly  17.  1915. 


[CoNTKiBimoM  vaxm  tbm  Dspartmbnt  of  Chsmistrt  of  trb  UmvBRsmr  of 

California.] 

THE  RATE  OF  CONVERSION  OF  CINCHONINE  INTO 

CINCHOTOXINE.1 

(ON  CATALTSSS  WITH  WEAK  ACIDS.   VI.) 

By  H.  C.  BiDDLB  AND  O.  L.  Bkaubk.  ' 
Kecelred  Juae  19.  1915. 

I.  Introduction. — ^The  most  carefully  investigated  cases  of  catalysis 
^  aqueous  solution  are  those  reactions  of  hydrolysis  in  which  the  ac* 
kkrating  influence  of  an  add  is  largely  determined  by  the  concentra- 
|km  of  the  hydrogen  ions.    Such,  for  example,  are  the  familiar  inversion 

r 

nf  cane  sugar  and  the  saponification  of  an  ester  in  the  presence  of  an  add. 
the  case  of  the  remarkable  conversion  of  the  cinchona  alkaloids  into 
poisonous  isomers  in  the  presence  of  weak  organic  adds  we  are, 
ever,  dealing  with  a  catalysis  of  a  different  nature.    In  this  catalysis, 
has  been  previously  shown,  the  speed  of  the  reaction  is  apparently  a 
function  of  the  molecular  concentration  of  the  tmdissodated  acid 
an  inverse  function  of  the  concentration  of  the  hydrogen  ion. 
The  rate  of  the  conversion  of  dnchonine  to  dnchotoxine  was  measured 
fiiddle  and  Rosenstein'  for  the  alkaloid  in  two  concentrations  of  acetic 
In  the  present  paper  is  given  a  detailed  study  of  this  catalysis  in 
presence  of  various  adds  through  a  wide  range  of  concentration  of  the 
adds  studied  and  in  mixtures  of  acetic  add  and  hydrochloric 
presenting  also  a  wide  range  in  concentration  of  H"^  ion.    The  data 
led  in  conjunction  with  like  data  from  the  study  of  the  stereoiso- 
cinchonidine  and  the  two  stereoisomers,  quinine  and  quinidine, 
d,  it  was  believed,  afford  a  basis  for  a  more  thorough  investigation 
this  extraordinary  catalysis.    Such  data  might  naturally  among  other 
gs  be  expected:  first,  to  show  with  some  greater  degree  of  certainty 
only  what  molecular  species  are  involved  in  each  reaction,  but  also 

» Bkldle, Bar,,  45, 526,  2832  (1912);  Tms  Journal,  34,  500  (19");  35,  273  (1913); 
S4  (1914);  Biddle  and  Rosenstdn,  Ihid.,  35,  418  (1913). 
*  Tms  Journal,  35,  418  (1913). 
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in  what  quantity  each  is  concerned;  second,  to  make  dear  to  some  ex- 
tent the  nature  of  the  retarding  influence  of  the  hydrogen  ion,  as  well 
as  that  of  the  accelerating  influence  of  the  organic  add;  third,  to  furnish 
through  a  comparative  study  of  the  reaction  vdodties  observed,  scmie 
definite  information  regarding  the  influence  of  optical  isomerism  upon 
the  speed  of  the  ccmversion.  As  will  be  shown  in  a  later  artide  (the  dgfath 
in  this  series)  on  the  nature  of  this  catalysis,  these  expectations  have  been 
ftdly  realized  in  the  interpretation  of  the  data  presented  in  this  paper 
and  the  following  one  on  "The  Rate  of  Conversion  of  Cinchonidine  into 
Cinchotoxine." 

2.  The  Method  of  Analysis. — In  the  separation  of  dnchotoxine  frooil 
dnchonine,  the  method  first  used  in  these  investigations^  involved  an  ex* 
traction  with  ether  and  a  subsequent  dehydration  of  the  ethereal  sdn* 
tion,  the  dnchonine  being  difficultly  soluble  in  dry  ether.    The  method,  < 
however,  in  addition  to  the  error  due  to  a  slight  solubility  of  dnchonine  m\ 
ether,  presented  experimental  difficulties  which  rendered  it  somewhat  ob-{ 
jectionable.    Of  the  two  methods  employed  by  Biddle  and  Rosenstein,'^ 
a  gravimetric  and  a  polarimetric,  the  latter  proved  so  accurate  and  at  the 
same  time  so  expeditious  that  it  was  used  by  them  largely  in  their  de*j 
terminations.    In  the  present  investigation'  this  method  is  empli 
almost  exdusively.    The  polarimetric  method^  is  based  upon  the  fact  that! 
the  rotatory  power  of  solutions  of  dnchonine  salts  is  much  greater  than] 
that  of  the  corresponding  dnchotoxine  salts.    The  change  in  the  rotatof/j 
power  of  a  solution  of  a  dnchonine  salt  becomes,  then,  a  measure  of 
extent  to  which  change  to  dnchotoxine  has  taken  place. 

In  view  of  the  isomeric  rearrangements  which  dnchonine  and  the 
chona  alkaloids  in  general  may  undergo  in  the  presence  of  excess  of  st 
mineral  adds,^  and  the  consequent  effect  that  slight  changes  in  these 
rections  might  exert  upon  the  optical  activity  of  the  solution,  it  was  neoed^] 
sary  to  compare  the  gravimetric  and  polarimetric  methods  of  m< 
the  conversion  of  dnchonine  to  cinchotoxine  to  determine  whether  or 
the  results  were  strictly  comparable.    In  a  previous  paper*  the  opti< 
method  was  checked  with  a  gravimetric  method  depending  on  the 
bility  of  dnchotoxine  in  dmmonitun  salts.    The  reaction  vdodties 

*  Biddle,  This  Journai,,  34,  504  (1912). 
*Ibid.,  35,  418  (1913). 

*  The  greater  portion  of  the  experimental  work  presented  in  this  paper  was 
on  at  about  the  same  time  as  that  of  Rosenstein  and  Biddle,  the  polarimetric  method 
measurement  being  used  in  common  by  all  those  engaged  in  making  the  determinal 

*  See  Landolt,  "The  Optical  Rotation  of  Organic  Substances/'  and  Ed.,  pp. 
680,  687. 

*  Skraup,  Monaish,,  ao,  571,  585  (1899);  aa,  171,  253  (1901);  BOttdier  and 
wite,  Jbid.,  3a,  793  (1911). 

*  Biddle  and  Rosenstein,  Tms  Journai*,  35,  418  (19 13). 
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determined  by  the  two  methods  agreed  within  the  limits  of  experimental 
error, 

A  further  comparison  was  made  (Table  I)  by  estimating  the  amount 
of  conversion  of  cinchonine  into  cinchotoxine  in  a  given  time  tmder  like 
conditions.  In  this  case  the  results  of  the  polarimetric  method  were 
compared  with  those  of  the  earlier  ether-extraction  method  already  men- 
tioned. In  applying  this  procedure  the  cinchonine  was  precipitated, 
freed  as  far  as  possible  from  cinchotoxine  and  weighed  as  the  free  alkaloid, 
the  cinchotoxine  being  determined  by  difiference.  The  restdts  as  in  the 
[previous  case  point  to  the  conclusion  that  under  the  conditions  of  the  ex- 
periments the  gravimetric  and  polarimetric  methods  are  comparable  within 
the  limits  of  experimental  error. 
Table  I.— Soldtionb  CoNTAmmc  Aasnc  Acn>  and  CmcnoinNB  (0.35  Molai«) 

WSRS  HSATSD  FOR  15  HOUKS  AT  99.7^  («fc0.2^). 

Per  cent,  of 
Cinchonine  Average  per  dnchotoxine 

Stren^rth  of  recovered  Cincliotoxine  by  cent,  of  from  polari- 

■cid.  from  7.35  g.  difference.  cincliotoxine.         metric  reading. 

0.75  medal 2.4535  4.8965  66.92  66.50 

2.4070  4M30 

i.25inolal 1*0395  6.3105  86.82  86.86 

0.9997  6.4503 

i.5omQlal 0.8320  6.5180  89.14  88.60 

0.7624  6.5876 

i.75molal 0.5225  6.8275  92.46  92.60 

0.5666  6.7834 

The  measurements  presented  in  this  article  were  made  Uke  those  re- 
jcorded  in  the  previous  paper  by  means  of  a  Franz  Schmidt  and  Haensch 
9iartz  wedge  saccharimeter. .  The  source  of  light  was  a  Welsbach  burner, 
t  bichromate  cell  being  used  as  a  light  filter.  All  readings  were  taken  after 
tte  solutions  had  stood  for  a  time  in  the  dark  room.  In  all  cases  in  which 
the  optical  method  was  used  the  rotations  were  determined  in  terms  of 
the  arbitrary  scale  of  the  instrument  (Ventzke  degrees),  it  being  un- 
necessary for  all  purposes  of  calculation  to  reduce  the  readings  to  angular 


In  general  it  may  be  noted  that  the  initial  readings  of  similar  cinchonine 
solutions  vary  a  trifle  in  rotation.  This  may  be  due  to  slight  variations 
in  the  quality  of  the  cinchonine  {e.  g.,  minute  changes  to  cinchotoxine) 
hut  is  probably  in  part   to   be   ascribed   to  small  experimental   errors. 

ISnce  the  same  variation  would  naturally  persist  throughout  any 
fioe  set  of  readings,  the  error  introduced  into  the  calculation  is 
legligible.  It  may  be  noted,  ftu-ther,  that  there  is  a  slight  increase 
ia  optical  activity  with  increasing  amoimt  of  acid  present.  On 
4e  other  hand  the  rotatory  power  of  cinchotoxine  salts  appears  to  vary 
to  a  negligible  extent  with  varying  concentration  of  acid.  The  angular 
^wation  observed  in  this  case,  however,  is  somewhat  larger  than  that  noted 
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by  Biddle  and  Rosenstein.  They  obtained,  for  a  solution  of  base  con- 
taining O.I  molal  dnchotoxine  and  1.5  molal  acetic  acid  in  a  dm.  tube,  a 
reading  of  2.08^,  and,  for  a  similar  solution  containing  ^.o  molal  acetic 
acid,  a  reading  of  2.7®. 

The  dnchotoxine  employed  in  the  determinations  recorded  in  Table  II 
was  heated  with  an  excess  of  acetic  acid  for  two  days  to  insure  the  con- 
version of  any  unchanged  dnchonine  into  the  alteration  product.  It  was 
thereupon  precipitated  as  the  free  base,  dissolved  in  ether  and  the  ethereal 
solution  dried  with  caldum  carbide.  After  the  evaporation  of  the  ether, 
the  base  was  dried  in  a  vacuum  desiccator  over  sulfuric  add  for  one  wedc 
and  was  finally  heated  under  diminished  pressure  for  two  hours  at  100*. 
Readings  were  made  by  two  observers,  (x')  and  (%*).  The  objection  might 
be  raised  that  the  dnchotoxine  thus  obtained  was  not  absolutdy  pure. 
Since,  however,  it  represents  the  total  alteration  product,  the  optical  ro- 
tation of  which  is  the  value  to  be  determined,  the  objection  may  be  waived. 

Tablb  II. 
Length  of  tube — 0.25  dm. 
Concentration  of  dnchotoxine — o.i  molal. 
Acetic  add,  0.4  molal.  Acetic  add,  1.0  molal. 

(»').  («*).  («o.  on> 

0.82  0.766  0.72  0.716 

0.82  0.816  0.72  0.696 

0.70  0.716  0.82  0.696 

0.67  0.766  0.72  0.746 

0.82  0.736  0.72  0.816 

0.716 


Mean,  0.766  0.766  0.74  0.731 

From  Table  II  it  will  be  noted  that  the  difference  between  the  readings 
for  0.4  eqtdvalent  of  add  and  i.o  equivalent  is  not  greater  than  the  ex- 
perimental error  involved.  The  average  of  all  the  readings  is  0.75% 
or  for  a  I  dm.  tube  as  used  by  Biddle  and  Rosenstein,  3.00® — a  little  higher 
than  their  higher  value.  If  we  ignore  the  objection  which  may  be  raised 
to  the  employment  of  the  shorter  tube,  the  angular  rotation  of  dndiotodne 
in  the  presence  of  acetic  add  of  concentration  varying  from  0.4  molal 
to  1.0  molal,  may  be  regarded  as  practically  constant. 

3.  Experimental  Details. — In  determining  the  rate  of  conversion  of 
dnchonine  into  dnchotoxine  in  various  acid  solutions,  the  reaction  mix- 
ture was  kept  at  a  constant  temperature  (in  the  greater  ntunber  of  cases 
at  99.7**  (=*=o.2)),  during  the  course  of  the  experiment.  In  some  instances 
the  reaction  was  carried  on  in  small  flasks,  fitted  with  a  siphon  and  a  re- 
fltix  condenser.  In  most  cases  the  reaction  mixture  was  endosed  in  a 
series  of  hermetically  sealed  tubes.  This  method  of  procedure  not  only 
simplified  the  operation,  but  also  precluded  any  chance  of  error  due  to 
loss  through  evaporation  or  of  inacctu-acy  due  to  insuffident  stirring  uriien 
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the  sample  was  taken.  In  the  first  case,  at  different  time  intervals,  after 
quickly  stirring  the  mixture  by  blowing  air  back  through  the  siphon, 
10  cc.  samples  were  drawn  off,  rapidly  chilled  and  placed  in  a  dark  room  until 
the  reading  was  taken;  in  the  second,  at  each  time  interval,  a  tube  was 
removed  and  treated  as  the  sample  in  the  previous  case.  The  results  ob- 
tained by  the  two  methods  for  solutions  of  equal  concentration  were  prac- 
tically identical. 

The  heating  was  carried  out  in  a  copper  water  bath  about  2  feet  square 
and  8  inches  high,  fitted  with  a  constant  level  and  heated  by  means  of  a 
quadruple  burner.  When  placed  in  a  small  hood  to  shield  the  apparatus 
from  currents  of  air,  it  was  fotmd  that  the  rapidly  boiling  bath  could  be 
readily  maintained  at  a  temperature  presenting  variations  in  any  one  set 
of  experiments  not  exceeding  =*so.2^.  In  a  thermostat  of  this  size  it  be- 
came possible  to  run  a  ntmiber  of  determinations  practically  simultaneously. 

As  previously  indicated,^  if  the  reaction  is  a  monomolecular  one  with 
respect  to  the  alkaloid,  then  the  rate  of  the  reaction  for  any  particular 
strength  of  the  catalyzer  is  expressed  by  the  equation, 

— d(c)/(ft  =  K(c), 

where  c  is  the  concentration  of  the  alkaloid  at  the  time  <,  and  K  is  the  specific 
reaction  rate.  On  integration  this  gives  for  the  value  of  the  specific 
reaction  rate, 

Ki  =  i//logcoAi,  (i) 

where  Ki  is  the  specific  reaction  rate,  i  is  the  time,  Co  is  the  concentra- 
tion of  the  alkaloid  at  the  begiiming  of  the  experiment,  and  Ci  its  concen- 
tration after  the  time  U  Or,  if  the  calculation  is  made  during  different 
time  intervals, 

K,  -  -^-  log  %  (2) 

H  —  h        Ci 

where  Ci  is  the  concentration  after  the  time  tu  and  cj  the  concentration  after 

the  time  ^. 

If  concentrations  are  replaced   by  polarimetric   readings,  Formula  i 

becomes, 

K.  =  1  log  ^?^^.  (3) 

t  ai  —  aoo 

h  —  h  a%  —  Ooo 

In  these  formulas,  ao  is  the  instrument  reading  for  the  unchanged  cin- 
diouine  solution,  ai  and  Os  the  readings  for  the  solution  after  the  time  inter- 
vals t\  and  itt  and  aoo  the  reading  for  the  solution  when  the  cinchonine 
is  completely  converted  into  cinchotoxine. 

^  Piddle  aod  Rpsenstein,  Tms  Joxtrnal,  95,  421  (191^). 


and  Formula  2  becomes, 
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4*  Rate  of  the  Reaction  with  Acetic  Add. — In  the  previous  measuie- 
ments  of  Biddle  and  Rosenstein^  the  concentrations  of  the  add  were  tabu- 
lated as  molal  concentrations  above  the  acid  necessary  to  form  the  diadd 
salt  of  dnchonine.  In  recording  the  present  experiments,  it  has  seemed 
preferable  to  give  the  molal  concentration  of  the  total  add,  present  in- 
duding  as  wdl  that  which  is  nattu-ally  in  combination  with  the  dnchonine 
to  form  a  salt.  In  the  following  tables,  Cin.  represents  the  molal  concen- 
tration of  the  dnchonine,  L  the  length  of  the  polarimeter  tube,  T  the 
temperature  of  the  thermostat,  t  the  time  in  hours  and  a  the  polarimetric 
reading  of  the  solution  after  being  heated  for  time  t.  The  polarimetric 
reading  of  the  solution  in  which  complete  conversion  to  dnchotoxine  has 
been  effected  is  determined  from  the  data  given  in  Table  II,  it  being  as- 
sumed that  the  variations  in  readings  due  to  varying  concentration  of  addj 
are  negligible.    These  values  are  given  under  00 . 

Under  Tables  III  to  XIV  are  given  the  actual  measurements  made  in 
the  case  of  o.i  molal  dnchonine  with  concentrations  of  acetic  add  ranging 
from  o.  15  to  17.24  molal.  Under  Tables  XV  and  XVI  are  recorded  simply 
the  resulting  rates  (Ki  and  K2)  obtained  for  0.25  molal  and  0.01  molal 
dnchonine,  respectivdy,  with  varying  concentrations  of  acetic  add. 


Tabuh  III. 
Acetic  add,  0.15  molal. 
C^.  "  0.1  mdal.    tt  "■  2.0  dm. 


TablB  IV. 

Acetic  add,  0.175  mobd. 

Cin.  -■  0.1  molaL    L  «  1.0  dm. 


T  - 

99  7* 

(-.0.2*).* 

T  - 

«99.7*(*0.2*). 

1. 

a. 

Ki. 

Ki. 

u 

a. 

Ki. 

Ks. 

ohr. 

34.70 

•  •  • 

... 

ohr. 

18.03 

• . . 

... 

4  hrs. 

33.25 

0.00563 

0.00563 

4  hrs. 

17.10 

0.00713 

0.00694' 

6  hrs. 

32.50 

0.00577 

0.00606 

8  hrs. 

16.18 

0.00713 

0.00732' 

8  hrs. 

31.80 

0.00578 

0.00581 

12  hrs. 

15.35 

O.OO711 

0.00706 

10  hrs. 

31.20 
6.00 

Mean 

0.00564 

O.OO511 

16  hrs. 
00  hrs. 

14.56 
3.00 

Mea 

0.00713 

0.00717 

00  hrs. 

,0.00570 

0.00565 

n,  0.00708 

0.0071a 

Tarlb  V. 

Tabl«  VI. 

Acetic  add, 

0.2  molal. 

Acetic  add. 

04  molal. 

Cin. 

—  0.1 

molal. 

L  =  i.o 

1  dm. 

Cin. 

^  0.1  molal. 

L  -  0.5 

dm. 

T  - 

99.7* 

'(*o.i«). 

T  -  997* 

(-0.2*). 

L 

a. 

Ki. 

Kt. 

t. 

0. 

Ki. 

Ka. 

ohr. 

17.81 

... 

•   •  • 

ohr. 

9.39 

... 

•  • . 

5  hrs. 

16.40 

0.0087 

0.0087 

2  hrs. 

8.55 

0.0244 

0.0244 

7  hrs. 

15.75 

0.0093 

0.0108 

4  hrs. 

7.92 

0.0224 

0.020^ 

9  hrs. 

15.26 

0.0091 

0.0085 

6  hrs. 

7.17 

0.0239 

0.0369 

II  hrs. 

14.73 

0.0092 

0.0096 

8  hrs. 

6.55 

0.0242 

0.0353 

16  hrs. 

13.54 

0.0093 

0.0093 

II  hrs. 

5.81 

0.0238 

0.0229 

00  hrs.     3.00  Mean, 0.0091      0.0094  00  hrs.       1.50  Mean,  0.0238      0.0239 

*  All  temperatures  reached  in  this  and  other  papers,  it  is  scarody  necessary  to 
mention,  are  in  the  centigrade  scale. 

^  Tma  Journal,  35i  418  (1913). 
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T^BUi  VTT. 

Tabia  VIU. 

• 

Aoetkactd, 

X.O  molal. 

Cm.  »  0.1 

molal.    L  »  Z.O  dm. 

Cin. 

*>  0.1  molal. 

L  >-  X.O 

dm. 

T  . 

-  99.7*  (*o.3*) 

• 

T  -  997* 

(-O.I*). 

1. 

<u 

Ki. 

Ks. 

/. 

a. 

Ki. 

Ki. 

olir. 

19.80 

•    ■    • 

■    •    « 

ohr. 

20.32 

.  • . 

•  •    • 

SfalB. 

16.68 

O.Q446 

0.0446 

2  hXB. 

16.41 

0.0557 

O.OS57 

4ln. 

14.20 

0.0440 

0.0434 

3  hiB. 

14.90 

0.0544 

0.0520 

6htt. 

13. 05 

0.0448 

0.0463 

4  hrs. 

13. 4^ 

0.0548 

0.0560 

8fan. 

10.36 

0.0448 

0.0449 

5V4  hrs. 

11.90 

O.055X 

0.0561 

8V4  hrs. 

«.34 

0.0584 

0.0634 

oohiB. 

3.00 

Mean,  0.0445 

0.0448 

00  hn. 

3.00  Mean, 0.0357 

0.0566 

Tabls  IX. 

Tabls  X. 

Acetic  add,  1.7  molal. 

Acetic  add. 

2.0  molal. 

Cin. 

.  "  0.1 

molal.    L  «  i.o  dm. 

Cin. 

a  O.X  molal. 

L  -  0.5 

dm. 

T  -  99.7' (-aa*). 

T  -  99.7^ 

(-0.2  •). 

t 

«. 

Ki. 

Kt. 

L 

a. 

Kt. 

Kt. 

ohr. 

20.35 

«  •  • 

» . . 

0  hr. 

10.  X9 

... 

... 

3  Vi  brs. 

13.57 

0.0782 

0.0782 

ihr. 

8.70 

0.08x7 

0.08x7 

sVihw, 

11.93 

0.0768 

0.0732 

2  hrs. 

7*40 

O.084X 

0.0865 

7lin. 

8.05 

0.0767 

0.0762 

3  hrs. 

6.14 

0.0908 

0.1043 

Sbn. 

6.87 

0.08x7 

0.0867 

5  Vt  hrs. 

4.22 

0.0917 

0.0928 

Iiolin. 

5.65 

0.0816 

0.0838 

6Vthr8. 

3.91 

0.09x6 

0.0901 

^hts.     3.00  Mean, 0.0790      0.0796  00  hrs.        x. 50  Mean, 0.0880      0.090X 


Tablb  XI. 

TABUt  XII. 

Acetic  add. 

3.2  molal. 

Acetic  add. 

4.omolaL 

Cin 

.  =■  o.x 

molal.    L  ■■  1.0  dm. 

Cin.  »  0.1  molal 

.    I*  -  0.5 

dm. 

T  « 

99-7 

•(-=0.2*). 

T  =  99.7* 

(=*=0.2»). 

1. 

0. 

Ki. 

Kf. 

(.                a. 

Ki. 

Kt. 

ohr. 

20.99 

•  f  • 

•    m    • 

0  hr.        XO.50 

... 

•    ft   • 

aba. 

13.68 

O.XX32 

O.XI32 

X  hr.          8.04 

0. X387 

O.X387 

4te. 

8.66 

0. 1255 

0.1378 

2  his.        6.x6 

O.X429 

O.X473 

6ks. 

5.76 

O.X357 

O.X559 

3  hrs.        4.68 

0.1506 

0.  X659 

Sbn. 

4.61 

0.13x0 

0.X171 

5V4hrs.    2.99 

0.1487 

O.X463 

10  his. 

3.80 

0.X352 

0.X518 

6  hrs.        2.66 

0.1483 

O.X450 

^Im.     3.00  Mean»o.x28x      0.1351  oo  hrs.        x.50  Mean, 0.X458      0.X486 


The  specific  reaction  rates  as  given  in  the  preceding  tables  (IX  and  XI} 
ve  in  agreement  with  the  corresponding  values  obtained  by  Biddle  and 
Rosenstein  through  a  slightly  different  method  of  heating.    If  the  mean 
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Table  XIII.  Tabls  XIV. 

Acetic  add,  8.0  molal.  Acetic  add,  17.24  molal  (glacial).* 

Cin.  «B  0.1  molal.    L  »  i.o  dm.  Cin.  >»  o.i  molal.    L  »  0.5  dm. 


T  - 

99.7 

»  (*0.2«). 

T  -  99.7* 

(*0.2^). 

L 

a. 

Ki. 

Ks. 

1. 

c. 

Ki. 

Ks. 

ota. 

20.31 

•       •      • 

•    •   • 

ohr. 

10.20 

• .  • 

■   •  • 

I  hr. 

13.29 

0.2259 

0.2388 

I  hr. 

7.23 

O.1814 

O.X814 

2  hXB. 

9.15 

0.2247 

0.2135 

2  his. 

5.31 

0.1793 

0.1772 

ahrs. 

6.71 

0.2230 

0.2195 

3  lirs- 

4.06 

0.1771 

0.1727 

4lirs. 

4-97 

, 

0.2359^ 

0.2749* 

4hrs. 

3.36 

0.1675 

O.X387 

5  hrs. 

3.92 

0.2549* 

0.3307* 

5  brs. 

2.72 

0.1706 

0.1832 

00  hrs.     3.00  Mean, 0.2245      0.2229  00  hrs.        1.50  Mean, 0.175 1       0.1706 

values  of  the  reaction  rate  as  obtained  by  them  are  calculated  with  t 
expressed  in  hours,  we  obtain  the  following  comparison: 

Cone,  of  add.  K  (Biddle  and  Rosenstein).         K  (Tables  IX  and  XI). 

z.7molal  0.0780*  0.0783* 

3.2  molal  0.1296'  o.i2z6* 

In  the  experiments  whose  results  alone  are  recorded  under  Tables  XV 
and  XVI,  it  may  be  noted  that  solutions  containing  the  higher  concen- 
tration of  cinchonine  (0.25  molal)  were  sooner  discolored  by  heating,  and 
the  readings  in  most  cases  were  made  in  a  short  tube  (0.25  dm.).  In  solu- 
tions containing  a  lower  concentration  of  the  alkaloid  (o.oi  molal),  a  Ixmgier 
tube  (4.0  dm.)  was  employed.  Ki  and  K2  have  the  same  significance 
as  given  in  the  preceding  tables. 

Tablb  XV.  Tabus  XVI. 

Acetic  add.    Cin.  »  0.25.  Acetic  acid.    Cin.  ■■  0.01. 

T  -  99.7^  (*o.2»).  T  -  99.7''  (*o-2'). 

Normality  of  Normality  of 

No.  total  add.  Ki.  Ks.  No.  total  add.  Ei.  Ka. 

1 0.50  0.0200  0.0192        1 0.05  0.0056  0.0058 

2 0.75  0.0310  0.0327       2 O.IO  0.0086  0.0089 

3 1. 00  0.0414  0.0434       3 0.15  O.OII6  0.0127 

4 1.25  0.0563  0.0566       4 0.20  0.0153  0.0x61 

5 1.50  0.0721  0.0721        5 0.40  0.0252  0.0256 

6 2.00  0.0880  0.0901       6 0.80  0.0340  0.0347 

7 2.50  0.1072  O.I  1 12 

^  Readings  for  dose  of  fourth  and  fifth  hours  were  inexact  oa.  account  of  increaaol 
color  of  solution.  Corresponding  values  of  Ki  and  Ks  are  consequently  not  considered 
in  determining  mean  value  of  these  constants. 

'  97.85  cc.  of  gladal  acetic  containing  o.i  molal  cinchonine  gave  at  ordinary  tem* 
perature  a  volume  of  100  cc. 

•  Temperature  of  experiment,  99.6*  (*o.i®). 

^  Temperature  of  experiment,  99.7^  (^0.2^). 
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Table  XVII. 
CoMPASATivB  Summary  ot  Data  Dsrivsd  ntOM  Prscsdino  Dstvrminations. 


No. 

.     ««'. 

Kt. 

Kt/«?'. 

No. 

ac'. 

E* 

Xa/cc" 

I 

0.04 

O.OO58I 

0.145 

X 

0.00 

0.0094 

•    •    • 

2 

0.05 

0.0057 

0.104 

2 

0.00 

0.0192* 

*    *    *    . 

3 

0.075 

;  0.007 1 

0.095 

3 

0.03 

0.0058* 

0.193 

4 

0.09 

0.0089* 

0.099 

4 

0.08 

0.0089* 

O.III 

5 

O.IO 

0.0094 

0.094 

5 

0.13 

0.0127* 

0.098 

6 

0.14 

0.0127* 

0.091 

6 

0.18 

0.0162* 

0.090 

7 

0.19 

0.0162* 

0.085 

7 

0.20 

0.0239 

O.II9 

8 

0.25 

0.0192* 

0.081 

8 

0.25 

0.0327* 

O.I3I 

9 

0.30 

0.0239 

0.080 

9 

0.38 

0.0256* 

0.067 

lO 

0.39 

0.0256* 

0.066 

10 

0.50 

0.0434* 

0.085 

II 

0.50 

0.0327* 

0.065 

II 

0.60 

0.0448 

0.075 

12 

0.70 

0.0448 

0.067 

12 

0.75 

0.0566* 

0.076 

13 

0.75 

0.0434* 

0.058 

13 

0.78 

0.0347* 

0.045 

14 

0.79 

0.0347* 

0.044 

14 

0.80 

0.0566 

0.071 

15 

0,90 

0.0566 

0.063 

15 

1. 00 

0.0721* 

0.072 

i6 

1. 00 

0.0566* 

0.057 

16 

1.50 

0.0796 

0.053 

17 

1.25 

0.0721* 

0.058 

17 

1.50 

0.0901* 

0.059 

i8 

1.60 

0.0796 

0.050 

18 

1.80 

0.0901 

0.050 

19 

1-75 

0.0901* 

0.051 

19 

2.00 

O.III2 

0.055 

20 

1.90 

0.0901 

0.047 

20 

3.00 

0.135^ 

0.045 

21 

2.25 

0.1112* 

0.049 

21 

3.80 

0.1486 

0.039 

22 

3.10 

0.135 1 

0.044 

22 

7.80 

0.2229 

0.029 

23 

3.90 

0.1486 

0.038 

23 

17.04 

0.1706 

O.OIO 

24 

7.90 

0.2229 

0.028 

« 

25 

17.14 

0.1706 

O.OIO 

Ko.     M.  Ka.         Ka/ac. 

I    ao5  0.0058*  0.116 

:  2    0.10  0.0089*  0.089 

I  3    0.15  0.0127*  0.085 

;  4    0.15  0-0057  0.038 

15    0.175  0.0071  0.041 

['6    0.20  0.0162**  0.081 

7    0.20  0.0094  0.047 

S    040  0.0239  0.060 

\9    0.40  0.0256*  0.064 

0.50  0.0192*  0.041 

0.75  0.0327*  0.044 

0.80  0.0448  0.056 

0.80  0.0347*  0.043 

1.00  0.0566  0.057 

1.00  0.0434*  0.043 

1.25  0.0566*  0.045 

1.50  0.0721*  0.048 

1.70  0.0796  0.047 

2.00  0.0901  0.045 

2jOO  0.0901*  0.045 

2.50  0.1 112*  0.045 

3.20  0.135 1  0.042 

4.00  0.1486  0.037 

8.QO  0.2229     0.028 

17.14    0.1706       O.OIO 

■ 

In  the  accompan3ang  table  (Table  XVII)  are  brought  together  the  various 
ic  reaction  rates  (K2)  given  on  the  preceding  pages,  for  0.25,  o.i 
id  0.01  molal  dnchonine  in  various  concentrations  of  acetic  add,  the 
ttter  being  tabulated  as  total  acid  concentrations  under  A,  as  concentra- 
[iiDDs  above  the  monoacetate  under  B,  and  as  concentrations  above  the  di- 
ctate under  C.     Under  Ks/oc,  K^/ac'  and  Kt/ac'^t  are  given  the  values 
)tamed  by  dividing  the  specific  reaction  rate,  respectively,  with  the  total 
id  concentration  ac,  the  concentration  above  the  monoacetate  ac',  and 

above  the  diacetate  ac'^. 

In  the  preceding  paper  of  Biddle  and  Rosenstein,'  it  was  suggested 

|to  the  conversion  of  cinchonine  into  cinchotoxine  involves  at  least  two 

Its,  of  which  one  is  independent  of  the  presence  of  a  weak  acid  and 

other  is  dependent  upon  the  presence  of  such  an  acid.     In  the  study 

the  catalysis  the  concentration  of  the  acid  was  expressed  in  terms  of 

^  Values  from  solutions  o.oi  molal  with  respect  to  dnchonine. 
'  Values  from  solutions  0.25  molal  with  respect  to  dnchonine.    Unmark^^  valu^ 
"^  sokticnis  o.i  molal  with  respect  to  dnchonine^ 
'This  JouRNAi^  55,  ^18  (191^)* 
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the  "free"  acid,  i.  e.,  in  terms  of  the  amount  in  excess  of  thai 
fonn  the  diacetate.  A  consideration  of  the  summary  in  T 
leads  unavoidably  to  the  conclusion  that  the  rate  of  the  reacti 
cmrectly  represented  as  a  function  of  the  acid  concentTation  i 
that  necessary  to  fOTm  the  m&noacetate.  This  concentration  o: 
consequently,  be  provisionally  designated  as  "free"  acid,  a 
will  be  pointed  out  in  a  later  paper,  even  this  value  does  i 
represent  the  factor  in  the  organic  add  responsible  for  the  cataly: 
Indeed,  as  will  be  later  shown  the  rate  of  the  reaction  is  a  line 
of  the  molecular  concentration  of  the  undissodated  organic  i 
solution — a  value  which  while  in  most  cases  approaching  that 
centration  of  the  acid  in  excess  of  the  monoacetate  is  not  exi 
sented  by  this  concentration,  nor  by  that  of  the  add  in  exces: 
acetate. 

Since,  however,  increasing  concentration  of  acid  above  the  n 
is  accompanied  by  increasing  rate  of  reaction,  it  becomes  of 
study  the  graph  presented  by  plotting  these  values  against  i 
as  shown  in  Fig.  i.     This  is  of  particular  interest  in  seeking  f< 
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^  Sit  Xo  ia  ue  460  fy>  m  m" 
Acetic  Acid  ^nw' 
Fig.  1. 


planation  for  the  apparent  anomaly  observed  in  the  spedfic  reaction  rates 
of  cinchonine  diacetate,  where  different  ccmceotrations  of  the  alkaloid 
lead  to  widely  divergent  v^ues  for  Kj  (compare  yalifes  for  ^  UQ(}er  Nps, 
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I  and  2,  C,  Table  XVII).  If  the  reaction  is  monomolecular  with  respect 
to  the  cinchonine  salt,  and  the  catalyzer  obeys  the  ordinary  mass  law, 
the  values  of  Ks  for  different  concentrations  of  cinchonine  salt  should  not 
differ  appreciably  in  like  concentrations  of  the  catalyzing  add.  If  now, 
in  the  cases  considered,  the  reaction  is  regarded  as  monomolecular  with 
respect  to  the  cinchonine  monoacetate  and  the  acid  in  excess  of  that  neces- 
sary to  form  this  salt  is  regarded  as  representing  the  concentration  of  the 
catalyzer,  the  values  of  K2  will  be  found  in  general  to  increase  with  in- 
creasing concentration  of  acid  (see  B,  Table  XVII). 

It  will  be  observed,  fiuthermore,  that  the  increasing  values  of  Kj  corre- 
spond with  fair  imiformity  in  the  case  of  all  three  different  concentrations 
of  cinchonine.  It  may,  consequently,  be  assumed  that  the  first  equivalent 
of  add  needed  to  form  the  monadd  salt  does  not  exert  a  large  catalyzing 
influence  upon  the  speed  of  the  reaction.  This  is  in  accord  with  an  ob- 
servation already  made  in  a  previous  paper^  that  the  catalyzing  influence 
of  acetic  add  upon  different  monadd  salts  of  cinchonine  is  apparently  not 
greatly  different.  In  stating  this,  however,  attention  must  be  called  to 
the  fact  that  the  catalytic  action  of  a  given  concentration  of  an  organic 
add  upon  different  monadd  salts  of  cinchonine  does  not  lead  to  identical 
reaction  rates.  This  is  dearly  shown  on  comparing  the  action  of  acetic 
add  on  cinchonine  monoacetate  and  cinchonine  monohydrochloride,  re- 
spectivdy  (see  Table  XXXIV). 

It  is  of  further  interest  to  note  the  general  rdation  between  the  speed 
of  the  reaction  and  the  concentration  of  the  organic  add.  In  the  fourth 
column  of  B,  Table  XVII,  are  presented  under  Kj/oc',  as  shown,  the 
quotient  of  the  specific  reaction  rate  divided  by  the  concentration  of  the 
add  in  excess  of  that  forming  the  monoacetate.  As  is  seen  the  value  of 
Kt/ac'  gradually  decreases  with  increasing  concentration  of  acid. 

5*  Rate  of  the  Reaction  with  Acids  other  than  Acetic. — Biddle^  found 
that  tmder  like  conditions  the  amount  of  cinchonine  changed  into  dn- 
diotoxine  was  less  with  strong  adds  than  it  was  with  weak.  In  the  fol- 
lowing tables  are  given  the  results  obtained  from  a  study  of  this  catalysis 
in  the  presence  of  adds  of  quite  different  dissodation  constants.  In 
Tables  XVIII  to  XXV  indusive,  the  actual  measurements  are  given  in 
detail.  In  Table  XXVI  are  summarized  the  results  presented  in  the  pre- 
ceding tables,  together  with  the  resulting  rates  of  other  experiments,  the 
details  of  which,  to  conserve  space,  have  been  omitted.  Chloroacetic  add 
is  inadmissable  in  this  study  on  account  of  its  ready  hydrolysis  under  the 
conditions  of  the  experiment  into  hydrochloric  and  oxyacetic  adds.  This 
win  account  for  the  low  catalyzing  influence  of  this  acid  ^ready  observed,' 

^  Biddle,  Ber.,  45,  2836  (1912). 
>  Tbis  JouKNAL,  34,  500  (1912). 
» Bkjdle,  nid.,  34,  501  (1913), 
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Table  ILVlll. 

Table  XIX. 

Formic  acid, 

0.2  molal. 

Formic  add,  0 

Cin. 

.  «  0.1 

molal. 

L  "■  1.0  dm. 

Cm. 

i-  0.1  molaL 

L  «-  1.0 

tntt. 

T  « 

997* 

(-'0.2*). 

T-99.7*(' 

-0.2  •). 

1. 

a. 

Ki.             Ks. 

L 

a. 

Ki. 

lU 

bhr. 

20.20 

■    •••                       •••• 

ohr. 

21.73 

•  •  •  « 

•      «     •   4 

6  hrs. 

19.03 

0.0051     0.0051 

4  hrs. 

19.35 

0.0x48 

o.<» 

lohrs. 

18.23 

0.0053     0.0056 

8  hrs. 

17.29 

0.0x47 

o.aii 

12  hrs. 

17.73 

0.0056     0.0072 

12  hrs. 

15.13 

0.0x57 

0.01: 

x6hrs. 

16.81 

0.0060     0.0070 

x6hrs. 

13.33 

0.0x61 

O.OI' 

38  hrs. 

14.70 

0.0060     0.0060 

24  hrs. 

10.41 

0.0x68 

O.OXJ 

GO  hrs.       3.00' Mean,  0.0056    0.0062  00  hrs.      3.0 1  Mean, 0.0x56    o.oi( 


Tablb  XX. 

Tabia  XXI. 

Propionic  add,  0.2  molal. 

Propionic  add, 

0.8  molal. 

Cin. 

—  0.1 

molal. 

L  »  1.0  dm. 

Cin.  «  O.X  molal. 

L  —  0.5  i 

om. 

T  « 

99.7** 

(*0.2«). 

T  -  99.7'  ( 

*o.2*). 

t. 

a. 

Ki.              Kt 

t.                a. 

Ki. 

1 

ohr. 

17.77 

•    •••                       •■«• 

ohr.          9.87 

•  • . . 

• 

2  hrs. 

17.10 

O.OIOI      O.OIOI 

2  hrs.        7.91 

0.0579 

0. 

4  hrs. 

16.41 

0.0105    0.0109 

4  hrs.        6.42 

0.0577 

0. 

5Vihrs. 

15.81 

0.0x12    0.0133 

5Vfhrs.    5.40 

0.0603 

0. 

SVihrs. 

14.94 

O.OIII      O.OIII 

7  hrs.        4.70 

0.0597 

0. 

iiVihrs. 

13.91 

0.0II7    0.0130 

iiVihrs.    3.18 

0.0620 

0. 

00  hrs.       3.00  Mean, 0.0109    0.0117 


00  hrs.      1.50  Mean, 0.0595     o. 


Tablb  XXII. 

Tablb  XXIII. 

Oxalic  add,  0.2  molal. 

Oxalic  add. 

0.3  molal. 

Cin. 

■»  o.x 

molaL    h  a  i.odm. 

an. 

»  o.x  molal. 

.     1/  —  x.o 

dm. 

T  - 

99.7*'(*o.2«). 

T  -  99.7* 

(*0.2«). 

t. 

a. 

Ki. 

Kt. 

t. 

a. 

Kft. 

Ka. 

ohr. 

20.88 

■    •   •    • 

•    •   •    ■ 

ohr. 

21.02 

•       B      •      • 

.  *  •  < 

4  hrs. 

20.14 

0.0046 

0.0046 

8  hrs. 

20.70 

0.00X0 

O.OQI 

8  hrs. 

19.54 

0.0042 

0.0039 

12  hrs. 

20.22 

0.00X6 

0.001 

12  hrs. 

19.00 

0.0040 

0.0036 

16  hrs. 

19.87 

0.0018 

o.oa 

16  hrs. 

18.43 

0.0040 

0.0039 

24  hrs. 

19.20 

0.00X9 

0.00 

24  hrs. 

17.33 

0.0040 

0.0040 

30  hrs. 

18.96 

0.00X7 

0.001 

00  hrs.       3.00  Mean, 0.0042    0.0040 


00  hrs.      3.00  Mean, 0.00x6    o,< 


In  the  presence  of  0.25  N  hydrochloric  add  the  rate  but  slightly 


0.000 1,  the  conversion  after  several  hours  being  so  slight  as  to  render 
experimental  results  more  or  less  inexact .    With  concentrations  of  0.4 
and  above  with  respect  to  the  acid,  there  was  no  decrease  in  rotation 
heating.    Indeed,  with  these  concentrations,  an  apparent  slight  it 

'  This  is  the  reading  for  the  corresponding  dnchotozine  solution  in  acetic 
it  being  assumed  that  the  variation  due  to  the  presence  of  ^iff^TCIlt  f^ds  is  sufllQi 
sniall  to  be  negligible. 
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Tabui  XXIV.  '  TablB  XXV. 

Hydrochloric  ackl,  0.15  mdal.  Hydrochloric  acid,  0.175  molal. 

CixL  "  0.1  molaL    L  "■  4.0  dm.  Cin.  «  o.i  molal.    1,  •-  4.0  dm. 
T  -  99.7  •  (s*=o.a**).  T  =  99.7*  (*o.2*). 

La.  Ki.  Kt.  La.  Ba.  Ki. 

ohr.      7S*43                •  •  •  •         •  •  •  •  o  hr.  84.01  ....         .... 

aVilm* 77*83  0.0014Z  0.00141  6hrs.  83.41  0.00061  0.00061 

4Vilin.  77.44  0.00136  0.00129  8hrs.  83.09  0.000700.00097 

7 his.     76.70  0.00163  0.00219  12  hrs.  82.60  0.000720.00075 

00  hn.     12.00  Mean,o. 00147  0.00163  00  hrs.     12.00  Mean,o. 00068  0.00077 

in  rotation  is  generally  observed,  which,  however,  gradually  falls  to  the 
Qriginal  reading.  Thus,  with  0.8  molal  hydrochloric  add  the  following 
readings  were  obtained: 

Tine:     Ohr.  4  hn.  S^/ihn.  12  hn.  I5V4  hn.         23*74  im.  28  hn. 

20.96  21.30  21.30  21.46  21.09  21.03  20.85 

The  cause  of  this  phenomenon  was  not  determined.  It  scarcely  seems 
due  to  mutarotation,  nor  is  it  probably  to  be  ascribed  to  the  formation 
of  isomers  of  cinchonine  such  as  isodnchonine  prepared  by  Hesse.  ^ 

Tabus  XXVI. 

Nor- 

of       Propionic  acid.        Acetic  acid.  Ponnic  add.  Oxalic  add.      Hydrochloric  add. 

fotei       *  ■      '    »         ^— ^— — •'^— ^— ^  *  *  »         *  "  »        »  ■■*       '  '  » 

NoLidd.       Ku          Xj.  Ki.          Ks.            Ki.Xj.Ka.           Ka.         Ki.            Xj. 

10.15       0.005700.00565      0.00147  0.00163 

3  az75    0.007080.00712     0.000680.00077 

30.20  0.0109  0.01 1 7  0.0091    0.0094    0.00560.0062     0.0003*0.0003' 

^     V.3^  a...  ...a  *•..  ..a.  ....  ....  .a*.  ....  O.CJOOI  O.CA^^Z 

50^0  0.0278  ox»96  0.0238    0.0239    0.01 1 8  0.01 2 1  0.0042  0.0040     

6  0.60     ....       ....     0.0016  0.0019     

7  0.80  0.0595  0.061 1  0.0488  0.0499  0.0156  0.0165  

8  1.00      0.0567    0.0574       • '  *  *        *  •  •  •        

9  1.20  0.075^  0.0760     ....         ....        

."      1 .  ^V  a...  .    .  »  m  O.W/9^         W.O/9^  ....  ....  ••••  a...  ...••  ••.•• 

112.00       0.0880    0.0901         0.0007*0.0007*     

**     ^«^U  •••■  ••••  ^#«  M  ^g^  %J«  A  2/^  ^  «•••  ■•■•  ••••  ••••  ■••*•  •«••• 

In  Table  XXVI  is  presented  a  comparative  summary  of  the  residts  ob- 
tained with  different  adds.  In  the  results  here  tabulated  it  is  interesting 
to  note  that  the  speed  of  the  conversion  in  every  instance  decreases  with 
adds  of  increasing  dissociation  constant — a  fact  to  which  attention  has 
already  been  called  in  an  earlier  article.'  In  the  presence  of  any  one  of 
the  three  adds,  propionic,  acetic,  or  formic,  increasing  concentration  of 
add  leads  to  increasing  speed  of  conversion;  in  the  presence  of  oxalic  add 
or  hydrochloric  acid,  the  reverse  is  true.     In  the  case  of  the  first  three 

*  AnH.,  376,  91  (1893). 

*  Ai^pfoxiiiiate  value  only. 

'  Biddle,  Tms  Journal,  34,  500  (1912). 
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adds  the  rate  of  increase  of  speed  with  equal  increments  in  concentration 
of  acid  is  greatest  with  the  add  of  lowest  dissodation  constant,  and  least 
with  the  add  of  highest  dissodation  constant.  If  now  this  is  due  pri- 
marily to  the  increasing  concentration  of  H"^  ion  in  the  case  of  the  more 
highly  dissodated  adds,  it  would  be  natural  to  expect  that,  in  stud3dng 
adds  of  increasing  dissodation  constant  the  effect  of  the  increasing  concen- 
tration of  H+  ion  with  increasing  concentration  of  add  would  eventually 
exceed  that  of  the  positive  cataljrtic  influence  of  the  organic  add.  In  this 
case,  as  with  oxalic  add,  the  speed  would  diminish  with  increasing  concen- 
tration of  acid.  In  the  case  of  an  acid  such  as  oxalic  it  would  be  of  interest 
to  study  the  effect  of  still  lower  concentrations  to  determine  whether  the 
speed  passes  through  a  maximum  value,  below  which  increasing  concen- 
tration of  add  would  exhibit  the  same  positive  catalyzing  action  shown 
in  the  case  of  organic  acids  less  dissodated. 

In  the  case  of  hydrochloric  acid,  if  we  assume  that  this  acid  has  no  posi- 
tive catal3rtic  influence  similar  to  that  of  an  organic  add,  then  the  decreas- 
ing speed  of  the  reaction  with  increasing  concentration  of  add  becomes 
a  meastu-e  of  the  influence  of  the  H+  ion — a  matter  which  will  be  considered 
in  detail  in  a  later  paper. 

6.  Rate  of  the  Reaction  with  Mixtures  of  Hydrochloric  Acid  and 
Acetic  Acid. — ^The  inhibiting  influence  of  increasing  concentration  of  H"*", 
as  previously  noted,*  ion  upon  the  catalysis  renders  the  determination  of 
the  reaction  velodty  in  solutions  containing  mixtiffes  of  the  two  adds, 
hydrochloric  and  acetic,  of  particular  interest.  Since  dflute  hydro- 
chloric add  may  be  regarded  practically  as  completdy  dissociated,  we 
may,  to  a  certain  extent,  vary  as  desired  the  concentration  of  H+  ion  by 
choosing  a  suitable  mixture  of  the  two  acids.  Furthermore,  since  solu- 
tions of  cinchonine  in  dilute  hydrochloric  add  exhibit  no  large  velodty  of 
conversion,  as  is  shown  in  solutions  of  like  H"*"  ion  concentration  contain- 
ing acetic  acid,*  it  seems  safe,  as  already  indicated,  to  disregard  any  positive 
catalyzing  influence  of  the  halogen  add.  It  then  becomes  possible  through 
a  study  of  mixtures  of  the  two  acids  to  gain  some  idea  of  the  retarding  in- 
fluence of  the  H+  ion  upon  the  positively  accelerating  action  of  the  acetic 
acid.  The  experimental  results  of  such  a  study  are  presented  in  the  fol- 
lowing determinations  in  which  are  first  considered  the  reaction  rates  in 
the  case  of  cinchonine  in  molal  acetic  acid  with  varying  amounts  of 
hydrochloric  acid. 

In  Table  XXXIII  is  presented  a  summary  of  the  results  obtained  in 

the  following  measiu-ements  (Tables  XXVII-XXXII)  together  with  the 

results  of  similar  experiments,  the  detailed  measurements  of  which  have 

been  omitted. 

^  Biddle,  This  Journai.,  34,  505  (1912). 
*  Ibid.,  Loc.  cU. 
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Tablb  XXVII. 

Tablb  XXVIII. 

Hydrochloric  add. 

0.125  molal. 

Acetic  add,  i.o  molal. 

Acetic  add,  i.o  molal. 

Cin. 

B  ai  molal. 

L  ""  1.0  dm. 

Cin. 

""  0.1  molal. 

1/  ">  1.0  dm. 

T  -  99.7' 

(*o.i«). 

T  -99.7*^(' 

*o.i'). 

> 

0. 

Ki.            Ki. 

t. 

a. 

Ki.             Kt. 

ih. 

20.73 

•    ■■•                  ■■•■ 

ohr. 

21.13 

•    •••                     ••■• 

tin. 

16.73 

0.0370  0.0370 

2  hrs. 

18.61 

0.0325     0.0325 

\hs. 

14.31 

0.0391  0.0421 

4hr8. 

16.92 

0.0287     0.0249 

[ks. 

13.24 

0.0397  0.043a 

5  hrs. 

15.79 

0.0303     0.0367 

l/tbis. 

H.39 

0.0382  0.0346 

6  hrs. 

14.80 

0.031 I     0.0349 

P/ithrs. 

10.36 

0.0382  0.0379 

8Vthrs.    12.83 

0.0313     0.0317 

hn. 


3.00  Mean, 0.0384  0.0389  00  hrs.        3.00  Mean, 0.0308    0.0321 


Tablb  XXIX. 
Hydrochloric  add,  0.15  molal. 
Acetic  add,  1.0  molal. 
>  0.1  molal.    L  B  1.0  dm. 
T-99.7*(*o.i*»). 


On. 


Tablb  XXX. 
Hydrochloric  add,  0.175  molal. 

Acetic  add,  1.0  molal. 
Cin.  ~  0.1  molal.    L  ■■  1.0  dm. 

T-99.7*(*o.i*). 


i 

«. 

Ki.           Kt. 

L                   a. 

Ki. 

Ks. 

br. 

21.30 

....         .... 

0  hr.        21 .62 

•  ■  •  • 

•   •   •    ■  ' 

hn. 

19.47 

0.0229  0.0229 

2V«hrs.  20.48 

0.0122 

0.0X22 

hn. 

17.90 

0.0223  0.0217 

4  hrs.       19.47 

0.0133 

0.0148 

ks. 

X6.36 

0.0228  0.0237 

6  hrs.       18.38 

0.0138 

0.0149 

Vthn. 

14.71 

0.0228  0.0229 

7V4hrs.  17.77 

0.0138 

O.OI4X 

Vthis. 

13. 5B 
3.00  Meai 

0.0226  0.0220 

loV^hrs.  16.39 

00  hrs.        3.00  Met 

0.0139 

0.0X43 

bs. 

[1,0.0227  0.0227 

m, 0.0136 

0.0140 

Tablb  XXXI. 

Tablb  XXXII. 

Hydrodiloric  add 

,  0.2  medal. 

Hydrochloric  add 

,  0.21  molal. 

r         Acetic  add,  z.o 

molal. 

Acetic  add. 

1.0  molal. 

,  Cin. 

«  0.1  molal. 

L  "  1.0  dm. 

Cin.  »  0.1  molal. 

L  ->  1.0  dm. 

T-99.7M*o.i»). 

T-99.7M 

*O.I*). 

t 

a. 

Ki.          Ks. 

/.                a. 

Kt. 

Ks. 

^hr. 

21.72 

•  •k*              •■•• 

ohr.       21.41 

.... 

•    •.  •    • 

»hn. 

21. 31 

0.0048  0.0048 

4  hrs.      21.10 

0.0018 

0.0018 

this. 

20.95 

0.0046  0.0043 

7Vshrs.  20.81 

0.0019 

0.0020 

Shn. 

20.51 

0.0048  0.0054 

loVi  hrs.  20.52 

0.0021 

0.0024 

I^Ahn. 

20.06 
19.40 

0.0048  0.0046 
0.0041  0.0031 

i4Vthrs.  20. 19 

0.0021 

0.0021 

hn. 


00  hrs.        3.00  Mean, 0.0020    0.0021 


3.00  Mean,o.oo46  0.0044 


In  Table  XXXIV  is  given  a  comparative  summary  of  the  specific  re- 
rates  of  dnchonixie  monoacetate,  dnchonine  monohydrochloride 
ctnchooine  dihydrochloride  in  the  presence  of  varying  quantities  of 
add.    To  conserve  space  the  detailed  measurements  in  the  case 
the  two  hydrochlorides  have  been  oxnitted  and  the  results  alone  re- 
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TablB  XXXIII. 


No. 
I. 
3. 
3. 
4. 
5. 

6. 

7. 
8. 

9. 
zo. 

IZ. 


MolaUty  of 
dnchonine. 


O.I 
O.I 
O.I 
O.I 
O.I 
O.I 
O.I 
O.I 
O.I 
O.I 
O.I 


12 O.OI 

13 O.OI 

14 O.OI 


No. 
I. 
2. 
3. 
4. 
5. 


MolaUty  of 
dnchonine. 


O.I 
O.I 
O.I 
O.I 
O.Z 


6 0.09 

7 0.09 

8 0.09 

9 0.09 

10 0.09 


II. 
12. 

13. 
14. 
15 
16. 

17 


0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 


Normality  of 
acetic  add. 

I.O 
I.O 
1.0 
I.O 
I.O 
I.O 
I.O 
I.O 
I.O 

0.5 
0.5 

0.5 

0.5 
0.5 


Normality  of 
hydrochloric 
add. 


O.IOO 
0.125 
0.150 

0.175 
0.200 

0.210 

0.220 

0.230 

0.15 

0.25 

O.OIO 

0.015 

0.020 


Tabia  XXXIV. 

Normality  of 
Normality  of    hsrdrochloric 

acetic  actd.  add. 

0.2 

0.4 
0.8 

I.O 
1.7 

O.I  0.09 

0.2  0.09 

0.4  0.09 

0.8  0.09 

1.6  0.09 

0.1  0.20 

0.2  0.20 

0.4  0.20 

0.8  0.20 

2.0  0.20 

0.2  0.30 

2.0  0.30 


Ki. 

0.0557 
0.0384 
0.0308 
0.0227 
0.0136 
0.0046 
0.0020 
0.0013 
0.0009 
O.OI31 
0.0003 
0.0158 
O.OII5 
0.0054 


0.0566 

0.0389 

O.Q321 

0.0237 

0.0140 

0.0044 

0.0021 

0.0015 

O.OOII 

O.OI 

O 

o.oi6i| 
0.0114 
0.0056 


3^] 


Ki. 

Ka. 

0.0091 

0.0094 

0.0238 

0.0339 

0.0445 

0.0448 

0.0557 

0.0566 

0.0790 

0.0796 

0.0069 

0.0076 

O.OI2S 

O.OII5 

0.0215 

0.0216 

0.0325 

0.0339 

0.0545 

0.054ft 

0.00066 

o.oooi 

O.OOII 

O.OOIO 

0.0018 

0.0017 

0.0029 

0.003a 

0.0065 

0.0068 

0.0000 

0.0000 

0.0000 

0.0000 

A  consideration  of  Tables  XXXIII  and  XXXIV  dearly  reveals 
effect  of  varying  concentrations  of  hydrochloric  acid  under  widely  dive 
conditions.    With  increasing  concentration  of  the  halogen  acid,  the  acetic 
acid  remaining  constantly  normal,  the  speed  of  the  reaction  falls  from 
maximum  value  of  Ks  «  0.0566  in  the  presence  of  normal  acetic  acid  al< 
to  K2  =  0.00  when  the  concentration  of  hydrochloric  add  has 
a  value  of  0.3  N.    While  the  hydrochloric  add,  even  if  it  were  complet 
dissociated,  cannot  on  account  of  its  partial  use  to  neutralize  the  dndu 
be  regarded  as  exactly  representing  the  concentration  of  H+  ion,  yet 
general  inhibiting  effect  of  increasing  concentration  of  this  ion  in  soluti< 
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of  constant  concentration  with  respect  to  the  organic  acid  is  dearly  seen 
from  the  data  presented. 

The  inhibiting  action  of  the  H+  ion  appears  no  less  clearly  in  the  re- 
sults obtained  with  constant  concentration  of  halogen  add  and  varying 
amounts  of  acetic  add  (Table  XXXIV).  As  will  be  seen,  increasing 
concentration  of  organic  add  effects  increasing  speed  of  reaction  in  the 
case  of  dnchonine  acetate,  dnchonine  monohydrochloride  and  cinchonine 
dihydrochloride,  and  for  any  given  concentration  of  organic  add,  the  speed 
is  greatest  in  the  first  instance,  less  in  the  second  and  least  in  the  third. 

It  is  of  further  interest  to  observe  that  the  ratio  between  speeds  in  the 
case  of  different  salts  with  equal  concentrations  of  organic  add  appears 
to  ajpproach  a  constant,  as  is  shown  in  a  comparison  of  the  monohydro- 
diloride  with  the  dihydrochloride  in  Table  XXXV. 

Table  XXXV. 

Ratio  of  speed, 
Nomwlit^  of  monohydrochloride: 

No.  acetic  add.  dihydrochloride. 

0.0076 

1 0.1         ^^  -  II. 5 

0.00066 

0.0115 

2 0.2        «  II.5 

O.OOIO 

0.0216 

3 0.4      —12.7 

0.0017 

0.0339 

4 0.8      —11.3 

0.0030 

From  these  considerations  and  others  which  have  been  presented  in 
this  paper,  it  will  be  evident  that  a  definite  interpretation  of  this  catalysis 
involves  a  fairly  exact  determination  on  the  one  hand  of  the  concentra- 
tion of  the  H+  ion  in  the  solution  and  on  the  other  of  the  concentration 
of  the  nonionized  organic  acid.  The  methods  employed  in  such  determina- 
tion, and  the  results  obtained,  will  be  presented  in  a  later  paper  by  the  senior 
author  of  the  present  artide.  In  this  it  will  be  shown  that  the  con- 
version of  cinchonine  into  dnchotoxine  is  fundamentally  dependent  upon 
the  presence  of  the  tmivalent  cinchonine  ion  and  that  the  speed  of  the  re- 
action is  a  function  of  the  concentration  of  the  undissodated  organic  add. 

Summary. 

I.  The  rate  of  conversion  of  cinchonine  into  dnchotoxine  gradually 
increases  with  increasing  concentration  of  an  organic  acid  such  as  acetic 
add,  the  range  of  concentration  of  add  through  which  this  was  studied 
and  found  to  be  true  extending  from  0.05  molal  to  and  beyond  8.0  molal. 
Wthin  this  range  the  speed  of  the  reaction  appears  to  be  some  direct  f  unc- 
ticm  of  the  concentration  of  the  nonionized  organic  add.  In  gladal  acetic 
add  (17.24  molal),  the  rate  decreases  somewhat,  falling  considerably 
bdow  that  shown  in  8.0  molal  add. 
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2.  The  Speed  of  the  reaction  in  the  presence  of  different  organic  acidtj 
of  equal  concentration  diminishes  with  increasing  values  of  the 
constants  of  the  respective  acids. 

3.  The  function  of  the  organic  add  is  that  of  a  true  catalytic 
accelerating  but  not  causing  the  reaction,  as  is  shown  by  the  fact 
dnchonine  dihydrochloride  gives  a  low  but  measurable  rate  of 
version. 

4.  The  effect  of  H"^  ion  is  to  inhibit  the  rate  of  the  reaction.  In  soiihj 
tions  of  uniform  concentration  with  respect  to  cinchonine  (o.i  m< 
and  acetic  add  (i.o  molal),  increasing  concentration  of  H"^  ion,  as  eff< 
by  the  introduction  of  hydrochloric  add,  produces  a  decrease  in  the 
of  conversion  until  the  reaction  practically  ceases  when  the  solution 
tains  0.3  molal  hydrochloric  add.  In  solutions  of  different  salts  of 
alkaloid,  such  as  cinchonine  acetate,  dnchonine  monohydrochloride 
cinchonine  dihydrochloride,  increasing  concentration  of  organic 
effects  increasing  rate  of  reaction.  The  rates  for  equal  concentration  of] 
organic  add,  however,  are  less  in  the  case  of  the  salts  naturally  presenting 
through  partial  hydrolysis  in  solution  the  greater  concentration  of  H'*' 
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THE  RATE  OF  CONVERSION  OF  CINCHONIDINE  INTO 

CINCHOTOXINE.1 

(ON  CATALYSIS  WITH  WBAK  ACIDS,  VH.) 

Bt  H.  C.  BiddlS  ahd  R.  H.  Butzbacr. 

Received  July  19.  1915. 

z.  Introduction. — Cinchonidine  was  isolated  from  the  bark  of 
cinchona  trees  by  Winkler  in  1847.*  The  alkaloid  crystallizes  from 
oohol  in  white  prisms  which  melt  at  202-203  °.  It  is  isomeric  in  com 
tion  with  cinchonine,  but  unlike  this  base  is  strongly  laevorotatory.  As 
shown  by  Konigs  and  Hussmann,'  it  is  possible  to  convert  one  alkaloid 
directly  into  the  other.  Thus,  on  prolonged  heating  with  amyl  alcohol 
and  potassium  hydroxide,   cinchonine   is  converted  into  dnchonidine. 

The  properties- of  the  two  alkaloids  indicate  that  they  are  of  like  consti- 
tution, the  relation  between  the  two  being  one  of  stereoisomerism.    Aft^l 
was  early  shown  by  Pasteur,^  both  may  be  converted  into  the  commoil 
product,  dnchotoxine. 

*  See  preceding  article  on  "Rate  of  Conversion  of  Cinchonine  into  Cinchotoodne.'* 

*  Ftp,  /,  Pkarm,,  85,  392;  98,  384;  99,  1. 
»  Ber.,  39»  2185  (1896). 

*  Jahresb,,  1853,  422;  Compt.  rend.,  37,  no  (1853);  Ann.,  88,  209  (1853). 
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If,  in  the  light  of  the  numerous  investigations^  of  Kdnigs,  v.  Miller, 

Rabe,  Rhode  and  Skraup,  the  constitutions  of  dnchonine,  cinchonidine 

ind  dnchotoxine  are  represented  as  in  Pig.  i,  the  conversion  of  the  first 

two  alkaloids  into  the  third  involves  the  loss  of  asymmetry  of  the  two 

ftS3rnunetric  carbon  atoms  starred.    The  difference  between  dnchonine 

fend  dnchonidine  must,  consequently,  lie  in  the  stereoisomeric  arrangement 

rixmt  one  or  both  of  these  two  carbon  atoms. 

I   According  to  Rabe*  the  difference  between  the  two  alkaloids  is  determined 

Mely  by  the  difference  in  stereoisomeric  arrangement  about  the  asymmetric 

Nrfoon  atom  within  the  ring. 

CH 

/\  \ 
CH,  CH,  CH— CH  -  CH, 


HC(OH> 


Cincbonme. 


CH  CH,  CH, 

N 


\ 


CH  A 

/\   \ 
CH,  CH,  CH— CH  -  CH, 


CH 
CH,  CH,  CH— CH  -  CH, 

lUI      I 

:(>-CH,CH,  CH, 

\/ 
N 

H 

Cinchotozine. 


(OH)CH— HC      CH,  CH 
Cinchonidine.  N 


Fig.  I. 


An  investigation  of  the  conversion  of  cinchonidine  into  dnchotoxine 
b  comparison  with  the  similar  conversion  of  dnchonine  into  this  base 
ttukr  like  conditions  thus  becomes  of  interest  as  casting  light  upon  the 
influence  of  stereoisomerism  upon  this  conversion. 

2.  The  Conversion  of  Cinchonidine  into  Cinchotozine  in  the  Presence 
if  Organic  Adds. — In  view  of  the  peculiar  cat;al3rtic  action  of  organic 
vsA&  upon  the  rate  of  conversion  of  cinchonine  into  dnchotoxine,  it  is 
of  importance  to  determine  first  whether  the  same  phenomena  obtain 
5a  the  case  of  the  stereoisomeric  dnchonidine.  That  a  like  catalyzing 
influence  occurs  in  this  case  as  well  has  been  indicated  in  a  previous  paper* 
tnd  has  also  been  pointed  out  by  Rabe.*    To  obtain  a  general  comparison 

'  i4«»..  347i  143  (1906);  350,  180  (1906);  364.  330  (1909);  365»  353  (1909);  373»  ^5 
=  (1910). 

*  Ann.,  373,  91  (1910). 
^Biddle  and  Rosenstein,  Tms  Journal,  35,  419  (1913). 

•  ^'*  45t  2929  (19"). 
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of  the  influence  of  different  adds  upon  this  catalysis,  the  following  experi- 
ments were  made  with  hydrochloric,  formic  and  acetic  adds:  To  2  g. 
of  dnchonidine  were  added  in  each  case  5  equivalents  of  add  and  then 
suffident  water  to  give  a  solution  of  40  cc.  The  various  solutions  with 
the  different  adds  were  then  heated  at  99.7  **(=*=  0.2  **)  for  24  hours.  There- 
upon the  alkaloids  were  predpitated  by  the  addition  of  sodium  hydroxide, 
extracted  with  ether  and  the  solutions  dried  with  caldum  carbide.  Tbe 
ethereal  solution  of  dnchotoxine  was  in  each  case  thus  largdy  freed  from 
dnchonidine  which,  like  cinchonine,  is  difficultly  soluble  in  dry  ether.  The 
wdght  of  the  dnchotoxine  was  obtained  on  evaporating  the  ether.  Tlie| 
results  in  each  case  were  checked  by  isolating  and  weighing  the  tmchangedj 
dnchonidine.    The  results  obtained  are  given  in  Table  I. 

Tabvs  I. 
Cinchonidine,  2.0  grams.  Temp.,  99.7^  (<^o.2^. 


Distodation      Cinchotozine  formed.  Per  cent. 

No.  Add.  constant  at  18**.  Grams. 


z Hydiocliloric  ....  0.05  0.25 

2 Parmic  0.0214  1.15  60.00 

3 Acetic  0.0018  X.92  96.00 

While  the  results  of  these  experiments  are  to  be  regarded  as  only  rou^ 
approximations,  they  show  beyond  doubt  the  same  catalyzing  action  ob- 
served in  the  case  of  cinchonine  under  like  conditions. 

For  the  exact  meastu'ement  of  the  speed  of  the  reaction  advantage  was 
taken,  as  in  the  case  of  cinchonine,  of  the  variation  in  the  optical  rotation 
of  the  solution  as  the  conversion  progressed.  As  has  been  shown  in; 
previous  papers,  the  value  of  the  spedfic  reaction  rate  is, 

K,  =  i  log  ^^^^^-  (i) 

t        Oi  —  aoo 
or,  if  instead  of  calculating  K  from  the  time  when  the  reaction  began, 
the  calculation  is  made  during  different  time  intervals, 

^  =  rh  ^'^^^^'  (*) 

In  these  equations,  as  previously  given,  ao  is  the  reading  of  the  saccharim- 
eter  for  the  cinchonine  solution,  ai  and  (h  the  readings  for  the  solution  after 
the  time  intervals  ti  and  h,  and  a  oo  the  reading  for  the  corresponding  dn- 
chotoxine solution.  In  the  results  recorded  in  this  paper  the  calculations 
were  made  as  in  the  case  of  cinchonine,  bearing  in  mind,  of  course,  that  the 
spedfic  rotation  of  dnchonidine  unlike  that  of  cinchonine  is  negative. 
3.  The  Rate  of  Conversion  in  the  Presence  of  Acetic  Acid  and  Formic 
Add. — In  Tables  II  and  III  are  given  in  detail  the  measurements  for  ; 
two  concentrations  of  acetic  add.  In  Table  IV  are  recorded  the  values 
of  Ki  and  Kt  for  all  the  experiments  carried  out  with  acetic  add  alone  and 
formic  add  alone.     In  this  table  and  the  remaining  tables  of  the  paper,  to 
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oooserve  space,  there  are  given  only 
for  the  various  experiments  made. 


the  resulting  values  of  Ki  and  Ki 


Tabls  II. 

Tablb  III. 

Acetic  add,  0.2  molal. 

• 

Acetic  acid, 

Cin.  =  0.1  molal.    L  <=  i.o  dm. 

Cin. 

»  0.1  molal. 

L  ->  z.o  dm. 

T  - 

99.7*'  (*0.2*). 

T  -  997* 

(*o.2*). 

t 

«. 

El.              Ks. 

L 

a. 

El. 

Et. 

obr. 

— XI. 05 

■    «••                      •••■ 

ohr. 

— 11.40 

•      B      •      • 

•   ■   •   • 

,  ^hn. 

— 10.25 

0.0064     0.0064 

4hn. 

—9.80 

O.OZ38 

0.0x28 

,  6iiis. 

—9.75 

0.0070     0.0084 

6  hrs. 

— 9.20 

0.0120 

0.0104 

;  Shis. 

—9.30 

0.0072     0.0078 

8  hrs. 

— 8.50 

0.0122 

0.0x28 

lalns. 
m  hrs. 

— «.35 
3.00 

0.0077     0.0087 

12  hrs. 
00  hrs. 

— 7.10 
3.00  M 

0.0128 

O.OZ4X 

Mean,  0.007 1    0 .  0078 

ean,  0.0x25 

0.0x35 

Tabids  IV. 

Cin.  »  0.1  molal. 

T  -  99.7* 

(*0.2*). 

Normality  of 
Xbl       total  sckl. 

Acetic  add. 
Sa.                  Ki. 

Pormicadd. 
El.                  Kt. 

Oxalic  add. 
El.                  Es. 

0.2 

0.0071          0.0078 

0.0048 

0.0050 

•    •   •   • 

.... 

0.3 

0.0125          0.0125 

0.0077 

0.0076 

•   ■   •   • 

»   •   •   • 

- 

0.4 

0.0178         0.0180 

0.0102 

0.0095 

■   •   •   ■ 

■   •   •   • 

0.5 

0.0241          0.0238 

O.OI18 

O.OII3 

0.0033 

0 

.003X 

0.8 

0.0373          0.0370 

•   •   •   • 

•    •    •    • 

•   •   •    ■ 

B     •    •     • 

' 

1.5 

0.0585          0.0586 

•    •    •   • 

•    •    ■    • 

■   •   •   • 

k     •    •     • 

\^ 

3.0 

0.1040         O.ZO53 

1 
•   •   •    • 

•    •    •    • 

•   •  ■    • 

»     ■    •     • 

A  comparison  of  the  results  in  Table  IV  with  those  obtained  under 

conditions  in  the  case  of  cinchonine  (see  This  Journal,  p.  2077), 

low  that  we  are  dealing  with  a  similar  type  of  catalysis  in  the  two  cases. 

both  instances  in  the  presence  of  acetic  acid  and  formic  add  there  is 

ig  rate  of  reaction  with  increasing  concentration  of  acid. 
4.  The  Rate  of  Conversion  with  Mixtures  of  Acetic  and  HydroGhloric 
I  Adds. — ^In  Table  V  are  given  the  rates  of  the  reaction  in  the  case  of  cin- 
dionidine  monohydrochloride  and  dnchonidine  dihydrochloride  in  the 
presence  of  varying  quantities  of  acetic  add. 

Table  V. 


No. 
X. 

2. 
3. 

4. 

5- 
6. 

7. 
8. 

9. 

10. 


Nwmality    Nonnmlity  of 
Molality  of    of  acetic      hydrochloric 
acid. 


cinchonidine. 

. .  0.09  0.2 

. .  0.09  0.3 

.  .  0.09  0.4 

. .  0.09  0.8 

. .  0.09  1.5 

. .  O.I  0.2 

.  .  o.x  0.3 

. .  O.I  0.5 

.  .  O.I  0.8 

. .  O.I  1.5 


acid. 

0.09 

0.09 

0.09 

0.09 

0.09 

0.2 

0.2 

0.2 

0.2 

0.2 


El. 
0.0097 
0.0136 
0.0165 
0.0272 
0.0402 
0.0009 
O.OOIO 
0.0016 
0.0025 
0.0040 


El. 
0.0098 
0.0138 
0.0x70 
0.0275 
0.0418 
0.00084 
0.0012 
0.0018 
0.0027 
0.0044 


2o86 


H.   C.  BIDDLE  AND  R.  H.   BUTZBACH. 


A  comparison  of  the  specific  reaction  rates  from  Table  V  with  those 
the  corresponding  tables  mider  the  study  of  dnchonine  (see  pi 
article),  clearly  reveals  the  close  resemblance  between  the  results  in  the 
cases.     In  both  instances  the  catalyzing  influence  of  the  organic 
accelerates  the  rate  of  reaction,  and  in  both  instances  this  accelerat 
influence  is  greatest  in  the  case  of  the  monoacetate,  less  in  the  case  of 
monohydrochloride  and  least  in  the  case  of  the  dihydrochloride. 

It  is  of  f  luther  interest  to  note  that  here,  as  in  the  catalysis  of  cinch< 
the  ratio  between  rates  of  conversion  in  the  case  of  different  salts 
equal  concentrations  of  organic  acid  appears  to  approach  a  constant, 
is  shown  in  Table  VI,  in  which  the  monohydrochloride  is  compared  with 
dihydrochloride. 

Table  VI. 


No. 


Normality  of 
acetic  add. 


0.2 


0.3 


0.8 


1.5 


Ratio  of  speed, 
monohydrochloride: 
dihydrodiloride; 

0.0098 


0.00084 

0.0138 
0.0012 

0.0275 
0.0027 

0.0418 
0.0044 


II. 7 


=  II. 3 


10.2 


9.5 


5.  Relation  between  the  Reaction  Rates  of  Cinchonine  and  CI 
dine. — A  comparison  of  the  rates  of  conversion  of  the  two  alkaloids  in 
concentrations  of  acid  reveals  an  interesting  relation.  Since  the 
reaction  rates  obtained  in  the  case  of  the  two  alkaloids  were  not  derii 
in  all  instances  from  like  concentrations  of  acid,  the  comparison 
Table  VII  is  naturally  confined  to  the  ten  examples  presenting 
identity  of  concentration.  The  starred  values  tmder  Kj"  were 
determined  experimentally,  but  are  calculated  from  the  mean  value 
K2VK2'  =  1.2 1. 

Prom  the  results  set  forth  in  Table  VII,  it  is  apparent  that  the  gen< 
rate  of  conversion  of  cinchonine  into  dnchotoxine  sUghtly  exceeds 
of  the,  conversion  of  the  isomeric  alkaloid.    If  we  were  to  assume 
the  concentration  of  H"^  ion  in  solutions  of  equal  concentration  with 
spect  to  the  acid  is  the  same  with  either  alkaloid,   then  the 
tions  affecting  the  catalysis  in  the  two  cases  must  be  identical 
the  mean  ratio  of   i  :  1.2 1   would  represent  a  difference  of  rate  di 
solely  to  the  stereoisomeric  difference  between  the  two  alkaloids, 
significance  of  this  relation  will  be  discussed  by  the  senior  author  in 
following  paper. 
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Tabia  VII. 

Normal-     Normal- 
ity of       Ity  of  hy- 
formic      drochloric 
add.            add. 

Km\ 

dodionine. 

KjVKi'. 

•   •   • 

0.0078 

0.0094 

X  :  X.20 

•    •   • 

0.0123 

0.0131* 

•    •    •                      i 

0.0180 

0.0239 

X  :  X.27 

•    •    • 

0.0238 

0.0288* 

.  .M 

0.0370 

0.0448 

X  :  I. 21 

•      •      • 

0.0386 

0.0710* 

■      *      • 

0. 1033 

0.1273* 

0.2 

0.0030 

0.0062 

I  :  1.24 

0.3 

0.0076 

0.0092* 

0.4 

0.0095 

O.OI2I 

X  :  x.27 

0.3 

O.OII3 

0.0137* 

0.09 

0.0098 

0.0x15 

X  :  X.17 

0.09 

0.0138 

0.0x67* 

< 

>.09 

0.0170 

a.  02 16 

x  :  X.27 

0.09 

0.0275 

0.0339 

X  :  X.23 

c 

).09 

0.04X8 

0.0505* 

< 

>.2 

0.00084 

O.OOIO 

X  :  I.X9 

0.2 

0.0012 

0.00x4* 

0.2 

0.0018 

0.0022* 

0.2 

O.OQ27 

0.0030 

I  :  x.xi 

0.2 

0.0044 

0.0053* 

Mean. 

X  :  I. 21 

Molality  Normal- 

of  dndioni-  ity  of 

dine  or  do-  aoetic 

Na                         dumine.  add. 

I o.x  0.2 

2 O.X  0.3 

3 o.x  0.4 

4 o.x  0.5 

5 o.x  0.8 

6 0.1  X.5 

7 o.x  3.0 

8.. 0.1  ... 

9 o.x 

10 o.x 

II o.x 

12 0.09  0.2 

13 0.09  0.3 

14 0.09  0.4 

15 0.09  0.8 

16 0.09  X.3 

17 0.1  0.2 

18 o.x  0.3 

19 0.1  0.5 

30 o.x  0.8 

21 o.x  x.5 


Summary. 

1.  The  rate  of  the  conversion  of  cinchonidine  into  dnchotoxine  in  the 
presence  of  organic  adds  is  affected  in  the  same  general  way  as  that  of 
the  conversion  of  the  stereoisomeric  dnchonine.  With  such  adds  as 
acetic  and  formic  increasing  concentration  of  add  effects  increase  in  the 
speed  of  conversion. 

2.  The  effect  of  increasing  concentration  of  H+  ion,  as  in  the  case  of 
ctnchoaine,  is  to  decrease  the  speed  of  the  reaction.  In  solutions  of  uni- 
form concentration  with  respect  to  the  cinchonidine  (o.i  molal)  in  the 
presence  of  such  an  add  as  acetic,  increasing  concentration  of  hydrochloric 
add  leads  to  a  decrease  in  the  speed  of  conversion  until  eventually  the 
reaction  ceases. 

3.  The  general  rate  of  conversion  of  dnchonidine  into  dnchotoxine  is 
less  than  that  of  the  stereoisomeric  dnchonine  under  the  same  condi- 
tioos  of  temperature  and  concentration  of  add,  the  ratio  between  the  mean 
values  of  the  two  rates  under  the  same  conditions  being  i  :  1.21. 


2090 


H.   C.  BIDDI^. 


examined  with  the  result,  as  will  appear  in  the  following  pages,  that 
influence  upon  the  reaction  rate,  both  of  the  concentration  of  the  h] 
ion  and  of  that  of  the  undissodated  orgaxiic  acid»  has  been  com] 
established.  It  will  be  shown,  indeed,  that  the  specific  rate  of  the 
action  with  respect  to  the  alkaloid  is  directly  proportional  to  the 
centration  of  the  univalent  alkaloid  ion  and  is  a  direct  linear  function  of 
concentration  of  the  undissodated  organic  add.  Furthermoref  the 
catalytic  action  of  three  organic  adds  has  been  measured  as  well  as 
spedfic  variation  in  speed  due  to  stereoisomerism  in  the  case  of  dm 
and  dnchonidine. 

The  results,  in  addition  to  their  affording  a  mathematical  solutioa 
this  remarkable  catalysis,  are  doubly  significant  in  that  they  fully 
the  fact  that  an  undissodated  molecule  can  act  as  a  direct  catalytic 
in  a  homogeneous  solution. 

a.  The  Concentration  of  the  H+  Ion. — Since  the  H+  ion  inhibits 
rate  ci  conversion  of  a  cinchona  alkaloid  into  its  tozine,  a  study  of 
nature  of  this  retardation,  as  well  as  that  of  the  positive  catalyzing 
fluence  of  the  organic  add,  necessitates  a  determination  of  the  conceot 
tion  of  this  ion  or  of  the  function  of  the  ion  responsible  for  the  ii 
action.    Of  the  methods  which  have  been  employed  for  direct  m< 
ment  of  the  H*^  ion,  a  colorimetric  one  such  as  that  of  Salm^ 
itself,  but  this  is  inferior  in  point  of  accuracy  to  that  of  the  hy< 
dectrode  which  has  been  used  to  advantage  by  a  number  of  investij 
In  the  study  of  this  catalysis,  however,  any  method  of  direct  ma 
ment  is  objectionable  partly  on  account  of  the  detail  work  involved 
partly  on  account  of  the  experimental  errors  necessarily  associated 
such  measurements.    It  seemed  wiser,  consequently,  to  reduce  the 
termination  to  a  calculation  based  upon  a  knowledge  of  the 
constants  of  the  different  substances  present.    While  in  such  a  calc 

Tabvb  I. 

•Noidonized  dndionine,  Cin.  Hs(OH)s 
llnivaleiit  dnchoome  ion»  Cin.  HOH**" 
Bivalent  dndionme  ion,  Cin.  Ht"^^ 
Nonionized  organic  add,  HAc 
Ion  of  organic  add,  Ac~ 


Tabls  n.* 

"p 

(P)hi                    -  <«)(«) 

-fl 

(a)h,                    -  (r)(«) 

—  r 

(S)*,                      -  («)(« 

-S 

(«)  +  (a)  +  a(r)  -  («  +  («) 

-  t 

(P)  +  («)  +  W    -  (Cin.) 

—  u 

(S)  +  «)               -  (Ac) 

—  X 

(«)(«)                    -  *• 

-On. 

• 

-Ac 

• 

Hydroxyl  ion,  OH- 
Hydrogen  ion,  H"^ 
Chloride  ion,  CI* 
Total  dndionine 
Total  organic  add 

^  Z.  physik.  Chem.,  57,  471  (1906). 

*  I/wmis  and  Acree,  Am,  Chem.  J.,  46, 585,  621  (191 1);  Hildebrand,  Tms  J( 
359  847  (1913)1  and  others. 

*  The  nonionized  dnchonine  is  represented  as  being  in  the  form  of  the  hydfosidfr 

*  Symbols  express  concentrations  in  mols  per  liter. 
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certain  assumptions  must  be  made  which  are  not  rigidly  coirrect» 

are  of  minor  effect  upon  the  comparative  results  obtained.    If  in 

I  aqueous  solution  containing  dnchonine,  hydrochloric  add  and  an 

tic  add,  we  consider  that  there  is  ndther  dnchonine  salt  nor  hydro* 

ic  add  in  an  undissodated  condition,  equilibrium  will  exist  between 

(Substances  and  the  ions  given  under  Table  I,  and  the  various  relations 

lese  substances  and  their  ions  may  be  formulated  in  the  seven  equa- 

given  under  Table  II,  in  which  in  all  cases  as  elsewhere  in  this  paper 

Ltrations  are  expressed  in  mols  per  Uter. 

Equations  i,  2,  5  and  7. 

(Cin.) 


(g)  = 


(f) 


Equations  3  and  6 


ki(x)  k^ 

(Cin.) 


(o) 


Q>) 


it) 


k,{x)        kMx)* 
ife|(Ac) 


(c) 


tttnting  in  Equation  4  the  values  of  q,  r  and  t  from  Equations  a, 
c,  we  have, 

(Cin.)  ,  2  (Cin.) 


fe«(Ac) 
*.  +  («) 


1  + 


+ 


kt(x) 


+ 


1  + 


f^ff  K% 


(d) 


+ 


fe(%)     kik%{xy 


ki{x)     '      k^ 

may  be  expressed  in  the  general  equation: 

(Cin.)(*f^'-,) 


(c)  -  («)  +  (Cin.)  - -^^  + 

kt  +  («) 


I    I   fei(ig)    I   kik»(x)* 


(*) 


absence  of  hydrochloric  acid,  this  equation  takes  the  form, 

(Cin.)(*-^'-.) 


(Ac) 


(x)  +  (Cin.)  + 


ki(x)       kiktix)* 
I  T — : —  + 


k. 


K^ 


k. 


if) 


equation  is  thus  obtained  in  which,  in  solutions  of  known  concentra* 
with  respect  to  the  dnchonine,  hydrochloric  add  and  the  organic 
the  concentration  of  the  hydrogen  ion  is  expressed  in  terms  of  the 
aaticm  constant  of  the  organic  add  (^),  the  first  and  second  dissoda* 
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tion  constants  of  cinchonine  (ki  and  h),  and  the  ionization  product j 
water  (kj). 

In  appl3ring  this  general  equation  for  calculating  the  concent 
of  H*^  ion,  it  became  necessary  to  determine  the  values  of  ki,  kt,  kt 
k„  at  100°,  the  temperature  at  which  the  catalysis  was  studied. 

The  value  of  k„  at  100°  as  determined  by  A.  A.  Noyes^  is  48  X  10" 
The  value  of  the  dissociation  constant  of  acetic  acid  (kz)  at  this 
perature  as  calculated  by  the  same  investigator^  from  conductii 
measurements  is  i.ii  X  ic^  The  corresponding  dissociation 
for  formic  and  propionic  adds  at  100^  have  not  as  yet  been  experiment 
determined.  Since  the  heats  of  neutralization  of  the  three  organic 
named,  as  determined  by  Thomsen'  at  18-20**,  closely  approach  a 
value,  it  was  assumed  that  the  ratio  of  the  dissociation  constant  at 
to  that  at  a  temperature  such  as  18°,  or  Kioo^/Kigo,  would  be  pract 
constant  in  the  case  of  the  three  acids.  If  the  dissociation  constant 
formic,*  acetic*  and  propionic^  acids  at  18®  are,  respectively,  2.14  X  U 
1.82  X  io~*  and  1.4  X  lo"*,  the  calculated  value  of  this  constant  at  i^ 
for  formic  add  will  be  1.3 1  X  io~*  and  for  propionic  acid  at  the 
temperature  wiU  be  0.86  X  io~*.  These  values  which  cannot  vary 
from  the  true  values  were  used  in  the  calculations  made  later  in 
paper. 

The  sorcalled  first  and  second  dissodation  constants  of  dn 
ki  and  k2,  have  been  measured  by  Veley^  who  obtains  at  15**  the 
ki  =  1.63  X  10"^  and  fe  =  3.3  X  10""^®.    The  measurement  of  the; 
constant  was  based  on  the  determination  of  the  quantity  of 
hydroxide  contained  in  a  hydrolyzed  aqueous  solution  of  borax  wl 
required  to  produce  an  initial  predpitation  of  alkaloid  from  an 
solution  of  the  hydrochloride  and  is  open  to  question  as  to  its 
By  a  conductivity  method,  another  investigator*  obtains  at  i8°  the 
ki  ^  1.2  X  IO'"^  which  is  probably  more  nearly  correct.     Vdey 
his   determination  of  the  second   dissociation   constant   on   mi 
colorimetrically  the  degree  of  hydrolysis  of  cinchonine  dihy 
in  an  aqueous  solution  of  known  concentration,  methyl  orange  being 
as  indicsktor.'   The  salne  method  was  later  employed  by  Barrai 
measuring  the  second  dissodation  constant  of  quinine.    From  an  a] 

^  Ndyes,  Kato  and  Sosman,  This  Jouiikal,  32,  159  (1910). 
«  Noyes,  Ibid:,  30,  335  <i908). 

•  Thermochemistry,  pp.  93-^5  (1908).    ..    . 

•  Salm,  Z.  physik.  Chem.,  63,  83  (1908);  Ostwald,  Ibid.,  3,  170  (1889) 

•  Noyes,  Tms  Journal,  30, 335  (1908). 
•    •  Barmwater,  /.  physik:  Chem.,  45,  557  (1903);  5^,  2^5  (1906), 

'  '•   *  /.  Chem,  Soc.,  "93,  2 1 14  (1908) ;  95j  758  (1909)- 
*:!;  *  Mattz,  Dis.  TfibingexL  (x9Q4>. 

•*Barr^t^>i?..B^ik/facAew.,  16, 136  (1910). 
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tion  of  the  method  in  this  laboratory^  the  values  of  kt  for  cinchonine  and 
dncfaonidtne  at  a  temperature  of  15-18°  were  found  to  be,  respectively, 
0.597  X  lo*"**  and  0.509  X  IO~*^  or  practically  identical  within  the 
limits  of  experimental  error.  At  a  temperature  of  loo**,  cinchonine  by 
the  same  method  gave  fe  =  i.ii  X  io""S  the  value  used  for  both  cin- 
chonine and  dnchonidine  in  the  calculations  appearing  later  in  this  paper. 
The  value  of  the  first  dissociation  constant,  ki,  at  100°  was  not  de- 
termined, since,  as  can  readily  be  shown,  this  constant  may  be  ignored 
in  the  calculations  made.  If  for  example,  ki  at  100°  has  a  value  of  not 
less  than  lo'*,  an  asstunption  which  may  be  safely  made  as  the  actual 
value  is  doubtless  considerably  above  this,  then  for  all  concentrations 
of  hydrogen  ion  even  down  to  one  of  the  three  lowest  measured  (8.3  X 
lo"*)  the  final  fraction  in  the  general  equation  (e)  may  be  simplified  so 
that  this  equation  becomes, 

fA  -  M  JL  (r\r.  \         *«(Ac)      .   fei(Cin.)(y)  ,. 

or,  in  the  absenqe  of  hydrochloric  add, 

(A.,  .  [W  +  (CM.,  +  «f^)]  [^)] .  (*, 

The  error  introduced  by  this  simplification  of  the  equation  is  negligible 
in  all  concentrations  of  hydrogen  ion  calculated,  except  possibly  the  three 
lowest.  If,  for  example,  ki  equals  the  minimum  value  of  io~*,  the  con- 
centration of  H"*"  ion  calculated  as  8.0  X  io~*  by  Equation  h  will  be 
slightly  over  10%  too  low;  and  the  concentration  calculated  as  1.06  X  io~* 
will  be  7%  too  low.  The  value  calculated  as  3.06  X  lo"*  H+  ion  will, 
however,  be  only  slightly  over  1%  too  low  and  with  increasing  concentra- 
tions, the  possible  error  soon  reduces  to  a  fraction  of  a  per  cent.  Since 
&ese  results  represent  the  maximum  error  possible  under  these  condi- 
tionSy  the  simplified  equations  (g  and  h)  were  employed  in  the  calcula- 
tions of  H"^  ion  presented  in  this  paper. 

3*  The  Concentrations  of  the  Undissociated  Organic  Acid  and  of  the 
Univalent  and  Bivalent  Cinchonine  Ions. — The  concentration  of  the  H+ 
ion  having  been  fixed,  that  of  the  tmdissociated  organic  acid  is  readily 
obtained.  By  combining  Equations  3  and  6,  Table  II,  there  is  derived  the 
foDowing  general  equation  for  calculating  this  value: 

The  concentration  of  the  H+  ion  affords  also  a  ready  means  of  calcula- 
ting the  concentrations  of  univalent  and  bivalent  cinchonine  ioi;$,  As 
has  already  been  pointed  out,  from  the  experimental  determination:  of 

^  Prom  nnpiiblished  work  in  this  laboratory. 
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(Cin.  H2++)  X  (0H-)  ^        . 

/^-  TT4.X     '       =         I.I  I       X      IO-». 

(Cm.  H+) 

Since  in  water  at  ioo°,  (H+)  X  (OH")  =48  X  io""*\  the  foregoing  eqi 
may  be  expressed  as, 

(Cin.  H»++)  ^         (H+) 
(Cin.  H+)  4.32  X  lo- 

or 


.-4» 


whence, 


(Cin.  H+)  +  (Cin.  H,++)  ^  4.32  X  lo"^  +  (H"^) 
(Cin.  H+)  4.32  X  lo--* 

(Cin.  H+)  I 


(Cin.H+)  +  (Cin.H  ,++)        i  +  2.315  X  io»  (H+)' 

an  equation  which  gives  the  ratio  of  wiivalent  dnchonine  ion  to  the 
dnchonine  in  terms  of  the  concentration  of  the  H+  ion. 

In  a  similar  manner,  the  ratio  of  the  bivalent  dnchonine  ion  to 
total  dnchonine  may  be  derived  and  expressed  as  follows: 

(Cin.  H»++)  ^       2.315  X  10KH+) 

(Cin.  H+)  +  (Cin.  H,++)        i  +  2.315  X  io»(H+) 

4.  Tabulation  of  Results. — From  the  data  presented  in  the 
papers  on  the  rates  of  conversion  of  dnchonine  and  of  cinchonidinei 
dnchotoxine,^  were  calculated  the  concentrations  of  H"*"  ion,   of 

ionized  organic  add  and  the  value  for -. — 7-- — '- -7- , 

*  (Cin.  H+)  +  (Cin.  H,++) 

to  the  general  equations  (g  or  h,  i  and  ;').      In  the  results  which  are 

in  Tables  III  to  VII  inclusive,  Ks  is  the  rate  of  conversion;  in  all 

the  concentrations  of  add,  of  H+  ion  and  of  nonionized  organic  acid 

Cin  H"^ 
in  mols   per  liter,  and  the  values  tmder 


Cin.  H+  +  Cin.  H,++ 

ratio  of  the  univalent  dnchonine  ion  to  the  total  dnchonine  in  the 

tion. 

Table  III. — CmcHONiNB,  0.25  Molal. 


OiuH' 


No. 

t. 

3. 

3. 
4. 

5- 


6 2.00 

7 

^Biddle  and  Bra 
Ibid.,  37,  2082  (1915). 


Acetic 
add. 

Ks. 

H+.            On.  H***  +  On.  Ht"*^ 

Urn 

0.50 

0.0192 

1.06  X  io-» 

0.976 

0. 

0.75 

0.0327 

2.07  X  io~* 

0.957 

0. 

I. GO 

0.0434 

3.05   X  !©"• 

0.934 

0. 

1.25 

0.0566 

4.03  X  lo""* 

0.915 

0. 

1.50 

0.0721 

5.15  X  io"» 

0.896 

I. 

2.00 

0.0901 

6.70  X  !©"• 

0.867 

t. 

2.50 

0.1112 

8.43  X  io-» 

0.838 

9. 

lucr,  Tms  Joxtrnal,  37,  2065  (1915); 

Biddle  and  : 

Bnfei 
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Tabui  IV. — CxMCBomNBt  0.01  MoifAL. 

Acetic 
acid. 

...     O.QS 

Hydrochloric 
acid. 

Ks. 
0.0058 

H+ 

3.99  X  n 

Cla.  H+ 

Acetic 

Cin.  H"*"  +  an.  Hi"*^ 
>""•                  0.915 

tffffifffid. 
0.039X 

9«  •  • 

...      O.XO 

0.0089 

8.40  X  io"» 

0.839 

0.0883 

3  *  *  ■ 

...      O.I5 

0.0127 

1.34  X  10"* 

0.779 

0.138 

"v*  *  * 

...     0.30 

0.0x62 

i.6x  X  xo-< 

0.739 

0.X87 

9*  •  • 

...     0.40 

0.0356 

3.98  X  xo-« 

0.593 

0.386 

V'  •  > 

...      0.80 

0.0347 

5.40  X  10-* 

0.445 

0.784 

7»«. 

...      0.5 

0.0x0 

0.0x63 

7.70  X  10-* 

0.360 

0.493 

'9«  •  • 

...      0.5 

0.015 

0.0x14 

1.83  X  xo-« 

0.340 

0.493 

y*  •  . 

...      0.5 

0.020 

0.0056 

3.05  X  xo"« 

0.135 

0.497 

Tabi3  V. — CmcBONiNB,  O.X  Molal. 

1 

Acetic 

Mid. 

Hrdrodiloric 
acid. 

Kt. 

H+ 

an.  H"'" 

Acetic 

k 

Cin.  H**"  +  Cia.  H""*^ 

add  turn- 
ionised. 

F 

O.X5 

•   •  • 

0.00565 

5*30  X  : 

lO"* 

0.988 

0.0485 

i« 

O.X75 

•   •  • 

0.00713 

8.00  X  3 

[O"* 

o.9«5 

0.0734 

^2 

0.20 

■   •   • 

0.0094 

X.06  X  ] 

[o-« 

0.976 

0.0977 

4 

0.40 

•   •   • 

0.0339 

3.06  X  ] 

[o-» 

0.937 

0.394 

j 

0.80 

•   •   • 

0.0448 

6.73  X  3 

[o-» 

0.868 

0.688 

€ 

1. 00 

•   •   • 

0.0566 

8.45  X3 

[o-» 

0.837 

0.884 

1.70 

•   •   • 

0.0796 

X.40  X  3 

[o-« 

0.756 

X.574 

• 

3.00 

•   •   • 

0.0901 

X.63   X  3 

[o-< 

0.739 

1.870 

9 

3.30 

■    a   ■ 

0.1351 

2.49  X   3 

to-* 

0.636 

3.075 

4.00 

•    •  • 

0.X486 

3.03   X   3 

[0-* 

0.590 

3.870 

8.00 

•   •   • 

0.3339 

5.56  X  3 

[0-* 

0.438 

7.850 

x.oo 

O.XOO 

0.0389 

2.74  X  3 

[o-< 

0.613 

0.963 

x.oo 

O.X25 

0.0331 

4.30  X   3 

[0-* 

0.50X 

0.975 

x.oo 

0.X50 

0.0337 

7.60  X   3 

[0-* 

0.363 

0.986 

x.oo 

O.X75 

0.0x40 

1.70  X  3 

[0-» 

0.303 

0.994 

x.oo 

0.200 

0.0044 

7.20  X   3 

[o-» 

0.057 

0.998 

x.oo 

0.2x0 

0.0021 

1.37   X   3 

[0-* 

0.031 

0.999 

x.oo 

0.220 

0.0015 

3.33   X   3 

[o-« 

0.019 

1. 000 

x.oo 

0.350 

O.OOII 

3.17   X   3 

[O"** 

0.014 

1. 000 

0.5 

0.X5 

0.0136 

6.05   X   3 

[0-* 

0.418 

0.491 

n 

0.5 

0.35 

0.00035 

5.09  X   3 

[o-« 

0.0085 

0.500 

o.x 

0.09 

0.0076 

7.30  X   3 

[o-» 

0.859 

0.0868 

ImI 

0.2 

0.09 

0.0II5 

I. 13   X   3 

[0-* 

0.796 

0.183 

IV 

0.4 

0.09 

0.0316 

1.66  X   3 

[0-* 

0.734 

0.374 

0.8 

0.09 

0.0339 

3.53  X  3 

[o-« 

0.633 

0.767 

X.6 

0.09 

0.0548 

4-00  X  ] 

[0-* 

0.530 

1.552 

o.x 

0.30 

0.00066 

6.40  X   3 

[o-» 

0.0634 

0.0999 

0.2 

0.20 

O.OOIO 

6.45   X   3 

[o-» 

0.0630 

0.199 

0.4 

0.30 

0.0017 

6.70  X   3 

[o-» 

0.0607 

0.399 

0.8 

0.30 

0.0030 

6.94  X   3 

io-« 

0.0587 

0.799 

3.0 

0.30 

0.0068 

7.90  X   3 

[o-» 

0.053 

i.995 

2.0 

0.30 

0.0000 

X.OX   X  3 

io-» 

0.0043 

3.000 

K  1 

la  the  ezperimcnts  whose  results 

ate  reoorde 

d  under 

BtiatMii  of  the  dudioiiiiie  was  0.09 

molaL 

209< 

S 

H.   C. 

BIDDLE. 

TABI.E  VI. — CINCBONIN8,  O.I  MOLAL. 

Pro- 
pionic 
add. 

Hydro- 
Pormic    cmoric 
add.        add. 

Ks. 

Cin.  H"*". 

■S 

No. 

H"**.             Cin. 

H"**  -f  Cm.  Ht"*^ 

I 

0.20 

.  • 

•            •  •  ■ 

O.OII7 

8.30    X  XO"* 

0.985 

0-091$ 

2 

O. 

40 

. . 

t           ... 

0.0296 

2.40    X  XO~* 

0.949 

0-294 

3 

O. 

.80 

*  • 

•           ■  •  • 

O.0611 

5.33    X  xo"» 

0.890 

0.690 

4 

I 

.20 

• . 

■            ... 

0.0760 

8.XO    X  xo~» 

0.844 

1.065 

5 

0.2 

0.0062 

9.20    X  io~* 

0.825 

0.0826 

6 

0.4 

O.OI2I 

2.5X    X  10-* 

0.634 

0.263 

7 

0.8 

0.0165 

5.40    X  xo-« 

0.445 

0.644 

8 

0.15 

0.00163 

4.25    X  xo-< 

0.505 

9 

.        0.175 

0.00077 

1.205  X  10  "• 

0.264 

xo 

0.20 

0.0003 

6.46    X  xo-« 

0.063 

XI 

0.25 

O.OOOI 

5.08    X  XO-* 

0.0085 

12 

0.40 

0.0000 

•  • 

Table  VII. — Cinchonidinb,  o.i  Molal. 

' 

Acetic 
Add. 

Pom 
ad< 

Hydro- 
ale    cmoric 
1.         acid. 

Ki. 

an,  H"*". 

-sra 

No. 

H***.             Cin. 

H"*"  +  Cin.  H*"*"*" 

X 

0.2 

1                           •    • 

0.0078 

X.06  X  xo"* 

0.976 

0.0977 

2 

0.3 

>                          •    • 

0.0125 

2.06  X  xo"* 

0.956 

0.195 

3 

0.4 

1                           •   • 

0.0x80 

3.06  X  XO"* 

0.937 

0.294 

4 

0.5 

1                           •    • 

0.0238 

4.00  X  xo"* 

0.915 

0-391 

5 

0.8 

t                                  •    m 

0.0370 

6.73  X  xo"* 

0.868 

0.688 

6 

1.5 

P                                  •    • 

0.0586 

X.25  X  xo"* 

0.775 

1.378 

7 

3.0 

•    • 

O.XO53 

2.35  X  xo"* 

0.648 

2.860 

8» 

0.2 

0.09 

0.0098 

X.X2  X  xo"* 

0.796 

0.182 

9* 

0.3 

0.09 

0.0138 

X.40  X  xo"* 

0.755 

0.278 

lO^ 

0.4 

0.09 

0.0x70 

X.66  X  XO-* 

0.724 

0.374 

XI» 

0.8 

0.09 

0.0275 

2.53  X  xo~* 

0.632 

0.767 

X2l 

1.5 

0.09 

0.0418 

3.8x  X  XO"* 

0.531 

1.456 

13 

0.2 

0.2 

0.0008 

6.45  X  xo"* 

0.0630 

O.X99 

14 

0.3 

0.2 

0.00x2 

6.57  X  xo"* 

0.06x7 

0.299 

15 

0.5 

0.2 

0.00x8 

6.78  X  XO"* 

0.0600 

0.499 

x6 

0.8 

0.2 

0.0027 

6.94  X  xo"* 

0.0587 

0.799 

17 

X.5 

0.2 

0.0044 

7-53  X  xo"* 

0.0543 

1.499 

i8 

0.8 

0.3 

0.0000 

•  •  «   • 

•   • 

■  * 

19 

•  •  • 

0.2 

t 

0.0050 

9.20  X  xo"* 

0.825 

0.0626 

20 

•  •  • 

0.^ 

\ 

0.0076 

X.72  X  io~* 

0.7x5 

0.170 

ti 

•  •  • 

0.^ 

^ 

0.0095 

2.5X  X  10"* 

0.634 

o.26» 

22 

•  1 

• 

o.« 

1 

0.01x3 

3.25  X  XO-* 

0.570 

0.356 

5.  Relation  between  the  Speed  of  the  Reaction  and  the  Concem 

of  H+  Ion. — If, — ^from  Table  V  in  those  experiments  in  which  the  concen 

tion  of  the  acetic  acid  is  i.o  molal  and  the  concentration  of  H+  ion 

varied  by  the  introduction  of  increasing  quantities  of  hydrododoric 

(Table  V,  1 2- 1 9) , — the  concentration  of  H+  ion  is  plotted  against  the 

velocities,  we  obtain  the  curve  (I)  given  in  Fig.  i.    If  now  the  speed  of  the: 

^  In  the  experiments  whose  restilts  are  recorded  tinder  8  to    12   indaahp^ 
concentration  of  the  dncbonidine  was  0.09  molal. 
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r«ac:tion  were  directly  proportioaal  to  the  total  organic  add  present, 
tins  curve,  the  concentration  of  organic  add  bdng  constant,  would  re- 
present the  influence  of  H+  i(m  upon  the  reaction  velodty.  That  the 
reaction  velodty  is  not  directly  proportional  to  the  concentration  of  the 
Mai  organic  add,  appears  from  a  consideration  of  the  rates  of  conversion 


ff 

■111 


2ff  40  60  ao  m  120  m  fee  ISO  200  2M  zm  26S  zao 
H'x/e' 
Fig.  1. 

to  dnchotoxine  already  presented.'  The  reaction  velodty 
to  be  a  function  of  the  concentration  of  the  undissociated 
iously  been  pointed  out^  and  if  a  linear  function,  then  the 
I  rate,  K,  may  for  a  given  concentration  of  H'''  ion  be 
e  equation, 

K  =  K'  +  AC,  (0 

Brauer,  hoc.  ctl. 
,  45. 1833  (1913). 
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where  K'  and  A  are  constants  and  C  is  the  concentration  of  the 
dissociated  organic  add  in  mols  per  liter.  ^ 

If  now  the  values  of  K'  are  known  for  the  various  concentrations  oi  W 
ion  studied,  the  value  K'  +  A  is   the  reaction  rate  at  molal  concent 
tion  of  the  undissociated  organic  add.    This  rate,   plotted  against 
concentration  of  H+  ion,  should  give  a  graph  expressing  the  interrelat 
of  these  two  values  freed  from  other  influences.    The  valiies  of  K' 
var3dng  concentrations  of  H+  ion,  may  be  obtained  from  a  study  of 
conversion  of  dnchonine  in  the  presence  of  hydrochloric  add   al< 
The  rate  of  conversion  in  the  presence  of  this  add  is  small  and  if  we 
that  the  hydrochloric  add  itself  has  no  positive  catal3rtic  effect,  as  ii 
cated  bdow,  then  the  rates  at  varying  concentration  of  H"^  ion  are  in 
case  really  the  values  of  K!  at  these  concentrations.    As  shown  in 
2  (Section  6)  these  rates  of  conversion,  or  the  values  of  K',  are  to  be 

sidered  as  a  linear  function  of  r- — '- --.     Introducing 

Cin.  H+  +  Cih.  H,++  ^ 

Table  VIII  the  values  of  K'  as  obtained  from  Fig.  2,  we  derive  the 

sponding  values  of  K'  +  A,  in  which  the  concentration  of  undissocial 

organic  add  is  constant.    Graph  II  in  Fig.  i  restdts  from  the  plotting 

K'  +  A  against  the  concentration  of  H+  ion.     It  will  be  observed 

the  curve  obtained,  except  in  the  lower  concentrations  of  H*^  ion,  coindc 

with  that  resulting  from  the  use  of  the  original  reaction  velodties,  Kt. 

Tabl«  VIII. 
Cinchonine,  o.i  molal.    Acetic  acid,  i.o  molal. 


H/dro- 
c&lorie 

H+. 

No. 

add. 

Kj. 

K'. 

Kt-K'. 

A. 

K'+A. 

I 

•  •  ■ 

8.45  X  io-» 

0.0566 

0.00270 

0.0539 

0.0610 

0.0637 

3 

O.IOO 

2.74  X  10-* 

0.0389 

0.00197 

0.0369 

0.0384 

0.0404 

3 

0.125 

4.30  X  10-* 

0.0321 

O.OOI61 

0.0305 

0.03x3 

0.0329 

4 

0.150 

7.60  X  io~* 

0.0227 

O.OOII7 

0.0215 

0.0218 

0.0330 

5 

0.175 

1.70  X  10  "• 

0.0140 

0.00064 

0.0134 

0.0135 

O.014I 

6 

0.200 

7.20  X  lo"* 

0.0044 

0.00018 

0.0042 

0.0042 

0.0044 

7 

0.210 

X.37  X  10 -« 

0.0021 

0.00009 

0.00201 

0.0020X 

0.002X 

8 

0.220 

2.22  X  io~* 

0.0015 

0.00006 

0.00144 

0.00X44 

0.00x5 

9 

0.230 

3.17  X  io-« 

O.OOII 

0.00004 

0.00106 

0.00x06 

O.OOII 

6.  Relation  of  the  Speed  of  the  Reaction  to  the  Concentratioii  of 
Univalent  Cinchonine  Ion, — ^If  in  those  experiments  in  whidi  the  t< 
acetic  add  is  of  uniform  concentration  (i.o  molal),  a  comparison  is 
between  the  specific  reaction  rates  (K2)  and  the  concentrations  of 
univalent  cinchonine  ion  (Cin.  H+),  a  remarkable  relationship    is 
covered.    A  cursory  inspection  of  the  two  sets  of  values  in  Table 
leads  to  the  condusion  that  the  reaction  vdodty  is  in  all  probabilit 
directly  proportional  to  the  concentration  of  the  univalent  cin<A< 
>  Biddle  and  Rotenstein,  Tms  Journaz,,  35,  425  (1913}. 
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i<Mi,  In  order,  however,  that  a  study  of  the  matter  may  be  made  under 
conditions  of  equal  concentration  with  respect  to  the  undissodated  m-ganic 
add,  it  becomes  necessary  to  compare  with  the  concentrations  of  Cin.  H''' 
ioo,  not  the  values  of  K,  =  K'  +  AC',  but  those  of  Kj  =  K'  +  A, 
in  which  C  has  been  reduced  to  unity.  Assuming  that  the  specific 
reaction  rate  is  proportional  to  the  aHicentration  <A  the  univalent  dn- 
cfaonine  ion,  then  in  the  equation,  Ki  =  K'  +  AC',  (K')  and  (AC) 
ynll  each  be  linear  functions  of  this  concentration.  If,  now,  in  the  con- 
i  version  of  cinchonine  into  dnchotoxine  in  the  presence  of  hydrochloric 
I  acid,  this  add  is  considered  to  have  no  positive  catalyzing  influence,  a 
tcondusion  which  is  reached  from  a  consideration  of  the  specific  reaction 
frate  in  the  presence  of  this  add  alone,  then  in  this  case,  Ki  =  K',  and 
f  K'  at  varying  concentrations  of  H"**  ion  are  obtained  by 
Cin.  H+ 


rates  (Ki)  against  the  values  of 


Cm.  H+  +  Cin.  H,++' 


/ 

r^ 

z 

/ 

T 

J 

~l 

T 

1 

r^ 

t 

/ 

T 

J 

Jl 

t 

i£i%1'U 


an-H"*" 
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Tabls  DC. 
Cinchonine,  o.xo  molal. 

Acetic      Hydrochloric  4.  _ 

No.  add.  add.  Ki.  K'  +  A.  Cin.  H^.  K'  +  A- 

1 0.20  ...  0.0094  0.0673  0.0976  1.45 

3 1. 00  ...  0.0566  0.0637  0.0837  1-31 

3 1. 00  O.ZOO  0.0389  0.0404  0.0613  1-52 

4 1. 00  0.125  0.0321  0.0329  0.0501  1.52 

5 1. 00  0.150  0.0227  0.0230  0.0362  1.57 

6 1. 00  0.175  0.0140  0.0141  0.0203  x*44 

7 1. 00  0.200  0.0044  0.0044  0.0057  Z.30 

8 1. 00  0.210  0.0021  0.0021  0.00306  Z.46 

9 1. 00  0.230  0.0015  0.0015  0.0019X  1.33 

10 1. 00  0.330  o.ooii  o.ooii  0.00137  1.25^ 

Mean,  1.433 

In  Table  IX,  as  in  Table  VIII,  the  values  under  K'  +  A  (obtained  from 
K'  +  A  =  K'  +  i/C'(Ka  —  K'))  represent  the  specific  reaction  rate 
at  constant  concentration  with  respect  to  the  imdissodated  organic  add. 
The  ratio  of  the  concentration  of  the  univalent  cinchonine  ion  to  this 

rate,       ,  '        ,  is  seen  to  be  practically  constant  in  solutions  of  unifonn 

concentration  with  respect  to  the  alkaloid. 

From  these  considerations  the  conclusion  must  be  drawn  that,  in  solu- 
tions of  uniform  concentration  with  respect  to  the  alkaloid,  the  speed  of  the 
conversion  of  cinchonine  into  cinchotoxine  at  constant  concentrations 
of  the  undissociated  catalyzing  acid  is  directly  proportional  to  the  con- 
centration of  the  univalent  cinchonine  ion. 

As  has  been  pointed  out  in  the  previous  papers,  if  the  reaction  is  mono- 
molecular  with  respect  to  the  alkaloid,  then  the  rate  of  the  reaction  for 
any  particular  strength  of  the  catalyzer  is  expressed  by  the  equation: 

-  ^-§  =  K,(C) 

where  C  is  the  concentration  of  the  alkaloid  at  the  time  t  and  Ks  is  the 
specific  reaction  rate.  Since,  however,  the  speed  of  the  conversion  under 
the  conditions  given  is  directly  proportional  not  to  the  concentration  of 
the  cinchonine,  but  to  that  of  the  tmivalent  cinchonine  ion,  this  equation 
takes  the  form, 


d(C)  _  ^  (Cin.  H+) 


(C). 


dt         ^  (Cin.  H+)  +  (Cin.  H,++)  . 

(Otn    H"*"^  J 

in  which  y^. — =—; — .'  .^: — z^rmx  represents  the  fraction  of  the  alkaloid- 
(Cm.  H"*")  +  (Cm.  H2+'*') 

in  the  form  of  the  imivalent  ion.    Now  the  value  of  this  fraction,  is  deter- 
mined by  the  concentration  of  the  H*^  ion.     In  any  particular  solutiont 

^  Omitted  in  calculating  mean  value,  since  Ks  at  higher  concentrations  of  H^  ion 
is  open  to  much  larger  experimental  error. 
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consequently,  in  which  the  concentration  of  the  H+  ion  is  assumed  to  re- 
main unchanged  throughout  the  reaction,  the  value  of  this  fraction  must 
be  constant. 

It  follows,  therefore,  that  in  the  values  of  the  specific  reaction  rate  as 
previously  calculated  from  the  experimental  data,  in  any  particular  case, 

^  (Cin.  H+) 

*  "■      °  (Cin.  H+)  +  (Cin.  H2++) 

where  K©  is  the  specific  reaction  rate  which  would  be  observed  under  the 
conditions  of  the  experiment  in  case  all  of  the  cinchonine,  at  any  moment, 
were  in  the  form  of  the  univalent  cinchonine  ion. 

7.  Relation  of  the  Speed  of  the  Reaction  to  the  Concentration  of  the 
Undissociated  Organic  Acid. — ^The  specific  reaction  rate  of  the  conversion 
of  cinchonine  to  dnchotoxine  was  determined  by  Biddle  and  Rosenstein 
for  two  concentrations  of  acetic  acid.  In  these  two  instances  the  reaction 
velocity  was  apparently  a  linear  function  of  the  concentration  of  the 
organic  add  above  the  diacetate.  It  was  at  the  time  assumed  that  this 
concentration  represented  that  of  the  undissociated  add,  an  assumption 
whose  error  did  not  appear  in  the  high  concentrations  employed,  but  is 
clearly  seen  from  the  data  already  given  in  the  present  paper.  The 
assumption  made,  however,  in  the  paper  referred  to  and  in  a  previous 
'paper,  that  the  speed  of  the  reaction  is  a  direct  function  of  the  concentra- 
tion of  the  undissodated  organic  add  has  proved  correct. 

In  the  equation,  K2  =  K'  -f  AC,  it  has  been  shown  in  the  cases 

considered  (Table  IX)  that  (K'  +  A)  00  (Cin.  H+),  or  taking  the  mean 

(Cin.  H"*") 
value  of  1.433  for  the  ratio,  — — ^ ,  then  K'  -f  A  =  0.697  (Cin.  H+). 

K   +  A 
This  expressed  in  terms  of  the  ratio  of  the  univalent  cinchonine  ion  to  the 
total  dnchonine  present  gives,  since  we  are  working  with  0.1  molal  dn- 
chonine,  the  equation, 

^,   .    ,  ,  (Cin.  H+) 

K  .  +  A  =  0.0697  (Cin.  H+)  +  (Cin.  H,++)' 

Tf  now  aH  the  dnchonine  were  converted  into  the  univalent  ion,  K'  +  A 
would  becpme  constant,  Ko '  +  A© .     Under  these  conditions, 

(K'  +  A)&^±^^^^^  =  Ko'  +  Ao  =  0.0697.  (fi) 

(Cm.  H"^) 

The  value,  Ko'  +  Ao,  is  obviously  the  spedfic  reaction  rata  of  o.i  molal 
c^ldidmne  in  acetic  add  under  conditions  under  which  the  concentra- 
tion of  the  univalent  ion  is  0.1  molal  and  that  of  the  undissodaJted  organic 
add  is  i.iyt^otsi:  Ftom  this  value,  which  may  be  termed  tiie  absaiute 
reaOion  rcO^  ¥X  the  case  ot  Q,l  molal  dnchonine  in  the  preseajKft  qi  ^Qgttc 
#oid,  — '-  -----'-- 
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Ao  =  0.0697  —  Ko '  =  0.0665  {n) 

since  from  Fig.  2  the  value  of  Ko '  =  0.0032. 
The  relation  of  Ao  to  Ks  will  be  seen  from  the  general  equation, 

K.  =  K-  +  AC-  ■=  (Ko^  +  AoCO  (cin.Hl?+(c2.H,-^)'    <^> 

in  which  K'  and  A  are  the  constants  in  the  equation,  Kj  =  K'  +  AC', 
at  any  constant  concentration  of  univalent  cinchonine  ion  and  Ko'  and 
Ao  are  the  corresponding  constants  tmder  conditions  under  which  all  the 
cinchonine  is  in  the  form  of  the  univalent  ion. 
From  the  above  equation, 

A,../c'[K.(°S:5|±^J*li>_K,-].  (,) 

Since,  in  the  absence  of  the  catal3rzing  organic  add, 

,         ,  (Cin.  H+)  +  (Cin.  H,++) 
^  (Cin.  H+) 

the  last  equation  may  also  be  written, 

A.-,/C-(K.-K-)'«°-";^^+g"-^'.  („ 

The  value  of  K'  for  any  value  of  univalent  cinchonine  ion  may  be 
obtained  from  the  graph,  Fig.  2,  or  calculated  directly  from  the  equation* 


.,  _  ^  ,  (Cin.  H+) 


^    (Cin.H+)  +  (Cm.Ha++)"  ^^^ 

From  these  considerations  it  will  be  clear  that  the  constancy  of 
value  Ao,  as  derived  from  experiments  of  widely  divergent  concentrati< 
of  organic  acid  and  of  H"^  ion,  is  conditioned  upon  the  correctness  of  tliel 
assumptions  that  the  rate  of  this  conversion  is  a  linear  function  of  the] 
concentration  of  the  undissodated  organic  acid  and  is  also  directly  pro* 
portional  to  the  concentration  of  the  tmivalent  cinchonine  ion.  Tlie 
vaUdity  of  the  assumption  with  respect  to  the  organic  add  will  naturallj 
be  tested  most  rigorously  in  the  case  of  low  concentrations  of  the  un* 
dissociated  acid  in  which  case  any  error  in  the  assumption  must  lead  to 
widely  divergent  values  of  A© . 

In  Table  X  are  brought  together  th§  values  of  Ao  as  calculated  by 
Equation  p  for  all  the  cases  studied  containing  acetic  add  in  which  the 
concentration  of  the  cinchonine  was  o.i  molal.  The  series  presents  a 
range  of  concentration  of  H***  ion  var3ring  from  5.3  X  lo""*  to  1.01  X  10-* 
and  of  concentration  of  undissodated  organic  add  varying  from  0.0485 
molal  to  7.85  molal.  In  all  cases,  as  is  seen,  Ao  is  practically  a  constaat 
within  the  limits  of  experimental  error  and  errors  introduced  by  im» 
avoidable  assumptions  in  the  calculations.  The  mean  value  of  Ao  ai 
obtained  frpm  th^  thirty-one  determinations  agrees,  as  will  be  seen,  mti^ 
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the  mean  value  already  derived  under  (n)  from  nine  detenninations  in 
TabklX. 

Under  K'  +  AC  are  given  the  values  f or  Ks  as  calculated  from  the 
vfasXxoHm 

(Cin.  H+) 


K,  =  K'  +  AC  =  (K'o  +  AoCO 


(Cin.  H+)  +  (Cin.  H,++) 

(Cin.  H+) 


(0.0032  +  0.0665  C) 


(Cin.  H+)  +  (Cm.  Hi++)' 

Erhich  the  mean  value  of  A©  =  0.0665  is  employed.  The  agreement 
he  calculated  values  K'  +  AC  with  the  measiu*ed  speeds  Es»  as  is 
f  is  fully  within  the  limits  of  experimental  error. 

Tabi«b  X. 
Cinchonine,  o.io  molal. 

+ 


No. 

Acetic 
acid. 

Hydro- 
chloric 
add.     Cis. 

Cin.  H^ 
H"*"  +  Cin.  Hi"*"'*' 

A*. 

K'  +  AC             Kb 
(Ks,  calculated.)  (obMrrad). 

X 

0.15 

•  •  * 

0.988 

0.0523 

0.00634 

0.00565 

3 

0.175 

•   •   « 

0.985 

0.0550 

0.00795 

0.007x2 

3 

0.30 

•   •   ■ 

0.976 

0.0655 

0.00945 

0.0094 

4 

0.40 

•  •   1 

0.937 

0.0738 

0.0213 

0.0339 

5 

0.80 

«   •  I 

0.868 

0.0790 

0.0425 

0.0448 

6 

1. 00 

m    •    i 

0.837 

0.0731 

0.0519 

0.0566 

7 

1.70 

m    m    i 

0.756 

0.0645 

0.0816 

0.0796 

8 

3. 00 

•    m    1 

0.729 

0.0645 

0.0928 

0.090X 

9 

3.20 

•     •    1 

0.636 

0.0680 

O.X320 

O.X35X 

10 

4.00 

■     •     ( 

0.590 

0.0644 

0.1540 

0.X486 

II 

8.00 

•    •    1 

0.438 

0.0650 

0.2290 

0.3229 

la 

x.oo 

O.IOO 

0.613 

0.0637 

O.04IX 

0.0389 

13 

z.oo 

O.I35 

0.501 

0.0634 

0.0342 

0.0321 

14 

x.oo 

0.150 

0.362 

0.060X 

0.0249 

0.0227 

15 

1. 00 

0.175 

0.303 

0.0667 

0.014X 

0.0x40 

16 

1. 00 

0.200 

0.057 

0.0743 

0.0040 

0.0044 

J7 

1. 00 

0.3I0 

0.0306 

0.0655 

0.00304 

0.003X 

x8 

x.oo 

0.320 

0.0x91 

0.0754 

0.00x23 

0.00X5 

19 

x.oo 

0.330 

0.0137 

0.0773 

0.00096 

o.ooxx 

30 

0.5 

0.15 

0.4x8 

0.0633 

0.0150 

0.0x36 

31 

0.5 

0.35 

0.0085 

0.0760 

0.0003 

0.00035 

33 

o.x 

0.09 

0.859 

0.0654 

0.0077 

0.0076 

23 

0.2 

0.09 

0.796 

0.0620 

O.OX2X 

O.OXX5 

H 

0.4 

0.09 

0.734 

0.071X 

0.0202 

0.02x6 

n 

0.8 

0.09 

0.633 

0.0640 

o.034i 

0.0339 

36 
27 

X.6 

0.09 

0.520 
0.063 

0.0655 
0.0761 

0.0554 
0.00062 

0.0548 

o.x 

0.30 

0.00000 

38 

0.3 

0.30 

0.063 

0.0640 

0.00x03 

0.00x0 

29 

0.4 

0.3O 

0.061 

0.0623 

0.00x8 

0.00x7 

30 

0.8 

0.30 

0.059 

0.0600 

0.0033 

0.0090 

3t 

3.0 

0.30 

0.052 

0.0640 

0.0071, 

0.0068 

33 

3.0 

0.30 

0.0043 

*    • 

•  •  • 

p. 0000 

Me«w, 

0.0665 

•    . 
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Closer  agreement  apart  from  experimental  error  could  scarcely  be 
pected  in  view  of  the  fact  that  small  errors  are  necessarily  introduced  intoi 
the  calculation  by  ignoring  such  conditions  as  the  presence  of  undissodatedj 
dnchonine  salt  and  of  undissociated  hydrochloric  acid,  such  conditio 
also  as  the  slight  alteration  in  concentration  of  H+  ion  due  to  the  change 
of  dnchonine  to  dnchotoxine  of  slightly  different  basidty,  and  such  also 
as  the  fact  that  with  increasing  concentration  of  organic  add  the  dissocia- 
tion constant  of  the  acid  itself  changes.  At  constant  concentration  with 
respect  to  the  dnchonine,  however,  the  mirrors  introduced  by  these  factonj 
must,  from  the  very  nattu-e  of  the  case,  be  so  small  as  to  be  negligibi 
with  reference  to  any  serious  effect  upon  the  final  results.  It  is,  coi 
quently,  condusivdy  established  that  the  rate  of  conversion  of  cinchonit 
into  dnchotoxine  under  the  conditions  given  is  directly  proportioned  to 
concentration  of  the  univalent  dnchonine  ion  and  is  a  linear  function  of 
concentration  of  the  undissociated  organic  acid. 

8.  The  Specific  Catalytic  Action  of  Different  Organic  Acids. — Since 
absolute  reaction  rate,  Ao,  for  acetic  add  represents  the  specific  reactii 
rate  for  one  mol  of  tmdissodated  organic  add,  this  value  when  det< 
for  different  organic  acids  affords  a  comparison  of  the  specific  catal] 
action  of  these  adds  under  like  conditions.    In  Table  XI  are  given 
calculated  values  of  Ao  and  of  K'  +  AC  for  formic  and  propionic  addsj 
As  is  seen,  the  same  general  prindples  obtain  as  are  found  in  the  case 
acetic  add.    The  mean  value  of  Ao  for  formic  add  equals  0.0550,  that  U 
propionic  add  0.0901,  and  as  already  shown  that  for  acetic  add  is  oa 
The  spedfic  catalytic  action  of  the  add  would  seem  then  to  increase  wit 
adds  of  decreasing  dissodation  constant. 

Tablb  XI. 
Cinchonine,  o.i  molal. 

Pro-  an.  H*^ 

Formic      pioalc    Z"  i+'  K'  +  AC.  Xa 

No.  add.         acid.  Cin.  H^  +  Gin.  H>^^  A«.     (Kt.  calculated.)  (obamuJ). 

1 0.2  ...  0.835  0.0524         0.00642  0.0063 

2 0.4  ...  6.634  0.0605  O.OII3  O.OI2X 

3 0.8         ...  0.445  0.0527        0.0173  0.0165 

4...... 0.2  0.985  0.0885         0.01x9  0.OXX7 

5 0.4  0.949  0.0960        0.0280  0.0296 

6 0.8  0.890  0.0952         0.0580  0.06XX 

7 1.2  0.844  0.0818        0.0846  0.0760 

Formic  acid,  Ao  «  0.0550 

^  Acetic  acid,  Ao  ■»  0.0665 

Propionic  add,  Ao  «  0.0901 

*  This  assumptiou  would,  of  course,  be  incorrect  if  the  undissociated  dxicfa< 
salts  varied  greatly  in  solutions  of  constant  initial  concentration  with  respect  to 
dnchonine  and  if  at  th^  same  time  the  reaction  rate  were  largdy  influenced  by 
conoentr^tipn  of  such  imdissodated  salt.    As  indicated  later  in  this  artide, 
f9CUiT§  wUl  ht  considered  in  a  subsequent  paper. 
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M.  W./M.  W. 

1.23 

1.3 
1. 61 


I A  ctirioas  relation,  probably  accidental,  is  noted  in  comparing  the  ratio 
these  values  in  the  case  of  any  two  adds  with  the  corresponding  ratio 
the  molecular  weights  of  the  two  adds.  As  is  shown  in  Table  XII, 
ratio  is  practically  identical  in  the  two  cases. 

'    Tablb  XII. 

Ao/Ac. 

Propioiiic/Acetic i  .35 

Aoetic/Fonnic 1.21 

Prbpionic/Formic i  .64 

u  The  Effect  upon  the  Reaction  Rate  of  Vai3ang  the  Concentration  of 
Cinchonine. — If  the  reaction  in  the  conversion  of  cinchonine  into 
lotoxine  is  monomolecular  with  respect  to  the  alkaloid,  the  specific 
rtion  rate  K2,  should  be  independent  of  the  initial  concentration  of  the 
lonine.     It  is  of  interest,  consequentiy,  to  determine  the  value  of  A© 
absolute  reaction  rate  of  an  organic  add)  for  the  two  other  concentra- 
of  cinchonine  studied,  viz,,  0.25  and  o.oi  molal.    A  general  con- 
ition  of  the  specific    reaction  rates  (K2),  measured  in  the  case  of 
r5,  0.1,  and  o.oi  molal  dnchonine,  leads  one  to  infer  that  there  is  a 
decrease  in  speed  with  increasing  initial  concentration  of  cin- 
le.     This  inference  is  substantiated  in  comparing  the  values  of  A 

Tabls  XIII. 
Cinchonine.  0.25  molal. 

an.  H"*" 


o  • 


No. 

1 0.50 

2 0.75 

3 1. 00 

4 1-25 

5 X-50 

6 2.00 

7 2.50 


■     , 

—  -M-* 

K'  +  AC'.f 

Kt 

Cin.  H"^  +  an. 

h" 

Ao. 

(Ks.  oacttlated.) 

(observed). 

0.976 

0.0676 

0.0178 

0.0192 

0.957 

0.0633 

0.0319 

0.0327 

0.934 

0.0590 

0.0450 

0.0434 

0.915 

0.0600 

0.0580 

0.0566- 

0,896 

0.0628 

0.0706 

0.0721 

0.867 

0.0588 

0.0939 

0.0901 

0.838 

0.0587 

O.Z169 

O.III2 

Mean, 

0.0615 

.  Aoftie 

V%  odd. 

1 0.05 

2 O.IO 

3..........  0,15 

4 0.20 


5- 
6. 

7. 
9' 


0.40 
0.80 
0.50 
0.50 
0.50 


Tablb  XIV. 
Cinchonine,  o.oi  molal. 

Hydro-      Cin.  H*^ 

«3d.  On.  H*  +  an.  fl«^^  A*. 

0.915  0.0805 

0.839  0.0840 

0.779  0.0955 

0.729  O.IOZ5 

0.593  0.1033 

0.445  0.0955 

o.oio     0.360  0.0860 

0.015     0.240  0.0895 

0.Q20                0.125  0.0842 

Mean,  0.6911 


K'  +  AC 

(Ki,  calcolated.) 
0.0062 
0.0094 
o.oit8 
0.0147 
0.0228 
0.0332 

0.0173 
0.0116 


Kt 

(obierved). 

0.0058 
0.0089 
0.0127 
0.0162 
0.0256 

0.0347 
0.0x63 

O.OII4 

0,0956 
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In  Tables  XIII  and  XIV  the  values  of  Ao  and  of  K'  +  AC'  have  been 
calculated  for  the  various  meastu-ements  made  in  solutions  containing 
0.25  and  o.oi  molal  dnchonine.  In  these  calculations,  as  in  those  pre- 
viously determined,  it  is  asstuned  that  Ko'  »  0.0032.  On  considering 
the  values  obtained  it  is  evident  that  for  a  given  concentration  of  dn- 
chonine Ao  as  before  approaches  a  constant.  The  mean  constant  re- 
sulting, however,  varies  with  the  concentration  of  the  alkaloid.  Thus, 
for  solutionscontaining,  respectively,  0.25,  o.i  and  o.oi  molal  dnchonine, 
the  mean  values  of  Ao  are  0.0615,  0.0665  and  0.091 1. 

In  seeking  some  explanation  of  these  deviations  of  the  values  of  Ao 
from  constancy,  one  naturally  raises  the  question  as  to  whether  similar 
variations  have  been  observed  in  such  catalyses  as  the  inversion  of  cane 
sugar.  The  question  must  be  answered  in  the  affirmative ;  for,  as  Ostwald^ 
has  shown,  the  rate  of  inversion  is  strictly  proportional  to  the  concentra- 
tion of  the  H+  ions  only  when  the  solutions  are  dilute,  since  at  higher 
concentrations  deviations  occur.  The  variations  in  the  values  of  Ao  are, 
consequently,  not  abnormal. 

The  actual  cause  of  these  deviations  is  more  difficult  to  determine^ 
Certain  factors,  may  however,  be  noted.  In  the  determination  of  the  con- 
centration of  H"^  ion,  upon  which  all  subsequent  calculations  in  this  paper 
depend,  no  accotmt  has  been  taken  of  the  existence  in  the  solution  of 
nonionized  cinchonine  salt.  That  such  salt  exists  can  not  be  questioned. 
The  concentration  of  undissodated  salt,  though  probably  small,  may  be 
assumed  not  to  vary  greatly  in  solutions  of  constant  concentration 
with  respect  to  the  alkaloid,  but  to  increase  in  solutions  of  increasing 
concentration  with  respect  to  the  dnchonine.  The  general  effect  of  this 
factor  might  not  be  noticeable  in  solutions  of  constant  concentration 
with  respect  to  the  alkaloid,  but  would  probably  lead  to  an  apparent 
decrease  in  the  value  of  Ao  in  solutions  of  increasing  concentration  with 
respect  to  this  substance,  unless  the  tmdissodated  salt  exerted  an  effect 
upon  the  reaction  vdodty  exceeding  that  of  the  univalent  cinchonine  ion. 
As  is  seen,  the  deviations  in  the  values  of  Ao  for  the  three  concentrations 
of  cinchonine  studied  are  in  the  direction  which  would  naturally  be  ex- 
pected from  the  presence  of  undissodated  cinchonine  salt.  It  is  of  interest 
to  note  that  if  the  variations  in  the  value  of  Ao  cotdd  be  attributed  solely 
to  the  var3ang  proportion  of  tmdissodated  salt,  these  might  serve  as  a 
basis  for  calculating  in  any  case  the  amount  of  alkaloid  in  the  form  of 
such  salt. 

Another  factor  which  the  calculation  of  necessity  ignores  is  the  effect 
upon  the  reaction  rate  of  the  varying  total  concentration  of  the  salt,  in 
other  words,  the  salt  effect.    The  ''neutral  salt  effect,"  which  in  other  cases 

s  J,"pririi$.  Chm.,  [2]  31, 307  (1885). 
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of  catalysis  has  been  the  subject  of  numerous  investigations,^  would  in 
different  concentrations  of  dtnchonine  salt  nattu^lly  affect  the  value  of 
Ao.  The  whole  question  of  the  salt  effect,  however,  is  involved  with 
that  of  the  undissodated  salt  which,  as  will  be  shown  later  in  this  paper, 
must  be  taken  into  consideration  in  a  complete  interpretation  of  the 
mechanism  of  the  reaction. 

An  interesting  attempt  has  been  made  by  Rosanoff '  to  account  in  general 
for  unexpected  variations  in  catalytic  reaction  rates  due  to  changes  in 
concentration.  He  divides  catalyzers  into  two  classes,  direct  and  indirect. 
The  former  are  assumed  to  take  part  in  the  reaction,  but  not  to  appear 
in  the  stoichiometric  equation;  the  latter  "without  taking  any  part  in  the 
reaction  are  regarded  as  influencing  its  velocity  by  affecting  the  particular 
conditions  upon  which  the  mechanism  of  the  given  reaction  may  depend." 
Under  this  classification  as  he  has  noted,  "all  substances  are  indirect 
catalyzers  of  all  reactions."  It  is  too  early  as  yet,  however,  to  determine 
just  what  value  is  to  be  assigned  to  the  general  equation  which  he  has 
developed. 

10.  The  Specific  Reaction  Rate  of  the  Stereoisomeric  Cinchonidine. — 

In  studying  the  exact  catalytic  action  of  organic  acids  upon  the  isomeric 
cinchonidine,  it  becomes  necessary,  as  in  the  case  of  dnchonine,  to  de- 
termine the  values  of  the  dissociation  ctostants  of  the  alkaloid.  As  has 
already  been  shown  earlier  in  this  paper,  the  values  of  the  second  disso- 
ciation constant,  ^,  are  practically  identical  in  the  case  of  the  two  alkaloids. 
As  to  the  first  dissociation  constant,  ku  the  results  obtained  by  Vele)^ 
indicate  but  slight  difference  in  the  two  cases.  While,  as  has  already 
been  pointed  out  the  acciwacy  of  Veley's  method  is  open  to  question, 
it  may  at  least  be  safely  concluded  that  the  difference  between  the 
values  of  ki  in  the  two  alkaloids,  if  at  all  existent,  must  be  small. 
In  determining  the  concentration  of  H+  ion,  consequently,  the  dissociation 
constant  ki,  as  has  already  been  pointed  out,  may  be  neglected  as  was 
done  in  the  case  of  cinchonine.  The  data  presented  in  Table  VII  were 
calculated  accordingly  in  the  same  way  as  those  given  in  the  preceding 
tables. 

In  the  preceding  paper*  attention  was  called  to  the  fact  that  the  mean 
ratio  between  the  specific  reaction  rates  of  cinchonidine  and  cinchonine 
under  like  conditions  is  that  of  i  :  1.2 1+.  The  significance  of  this  ratio 
becomes  apparent,  if  the  first  and  second  dissociation  constants,  ki  and 
K  d  the  two  alkaloids  possess  for  all  practical  purposes  identical  values. 
Then,  the  concentration  of  H+  ion  and  that  of  undissodated  organic  acid 

'  See  references  in  introduction  of  this  paper. 

*  This  Journal,  35, 173,  24S  (1913)- 

*  /.  Chem,  Sac.,  95,  758  (1909)- 

*  BkMle  and  Sut^bfiiA,  This  JouitNAL,  37)  2089  (1915)^ 
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will  remain  unchanged  under  like  conditions  whether  the  solution  coataii 
dnchonine  or  dnchonidine  and  any  constant  difference  in  speed  of  od 
version  must  be  explained  on  the  basis  of  stereoisomeric  difference  ezistii 
between  the  two  alkaloids. 

In  Table  XV  is  presented  a  study  of  all  the  reaction  rates  given 
Table  VII.   The  values  imder  R'  +  AC  were  calculated  from  the  eqi^ 
tion,  I 

(Cin.  H+) 


K'  +  AC  =  (K'o  +  AoC) 


(Cin.  H+)  +  (Cin.  H2++) 
(0.0032  +  0.0665  C) 


(Cin.  H+) 


(Cin.  H+)  +  (Cin.  Ut^ 

They  represent,  consequentiy,  the  specific  reaction  rates  for  cinchom 
under  the  conditions  given  and  serve  as  a  basis  of  comparison  with  1 
experimental  values  of  K2  for  cinchonidine  under  like  conditions. 

Tabids  XV. 
Cinchonidine,  o.  i  molal. 


No. 
I.. 
3.. 

3- 
4- 
5. 
6., 

7. 

9^ 
io». 

13. 
14.. 

15. 
16. 
17.. 


Normal- 
ity of 

organic 

add. 

Autic 

add. 


Normal* 
ityof 
hydro- 
chloric 
acid. 


Ks  C  +  AC. 

(observed   (Kt.  calculated. 


18. 

19 
20. 

31. 


0.2 
..  0.3 
..  0.4 
..  0.5 
..  0.8 
..  1.5 
..      3.0 

0.2 
..  0.3 
..  0.4 
.  .      0.8 

..      1.5 
0.2 

..  0.3 
..  0.5 
.  .  0.8 
..  1.5 
Formic  acid. 
..      0.2 

..  0.3 
..  0.4 
..     0.5 


0.09 

0.09 

0.09 

0.09 

0.09 

0.2 

0.2 

0.2 

0.2 

0.2 


cinchoni- 
dine). 

0.0078 
0.0125 
0.0180 
0.0238 
0.0370 
0.0586 

0.1053 
0.0098 
0.0138 
0.*0I70 
0.0275 
0.0418 
0.0008 
0.0012 
0.0018 
0.0027 
0.0044 

0.0050 
0.0076 
0.0095 
O.OII3 


cincbo- 
nine.) 

0.0095 
0.0155 
0.0213 
0.0267 
0.0425 
0.0735 
O.I25Z 
O.OI2I 
0.0164 
0.0202 
0.0342 
0.0531 
O.OOIO 
0.0014 
0.0022 
0.0033 
0.0056 

0.0064 
0.0090 
O.OII3 
0.0130 

Mean, 


K^  +  AC" 

.21 

.24 
.18 

.12 

•15 
.25 
.19 
.24 
.19 
.19 
•24 
.27 
.25 

.17 
.22 
.22 

.27 
Mean, 

.28 
.18 

.19 
.15 
.21 


The  ratio  between  these  two  values,  or 


(dndioni- 
dine). 

0.0550 

0.0535 
0.0563 
0.0596 
0.0580 
0.0531 
0.0560 
0.0529 
0.0563 

0.0557 
0.0531 
0.0521 
0.0505 
0.0560 
0.0548 
0.0543 
0.0533 
0.0547 

0.0414 
0.0469 
0.0470 
0,0482 

0.0459 

should 


A*' 


^le).     J 
0.0665  J 
0.0646  1 
0.0680 
0.0735    J 
0.0704 
0.0644 
0.0677 
0.0644 
0.0682 
0.0676 
0.0644 
0.0630 
0.0615 
0.0680^ 
0.0666:' 
0.0657  ; 
.0.0634 
0.( 


0.0500 
0.0566 
0.0570 
0.0585 

0.0^55 

idaai 


with  that  previously  obtained,  viz.,  1  :  1.2 1+.  .As  will  be  noted  th^ 
^  The  concentration  of  iSat  cindiaDidin^  in-  tEese  esperimeiits  wa»dxi9'aMiiall 
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K'  +  AC 
Iting  mean  value  of  all  the  ratios  is,  — = =  1.2 1,  a  value  which 

practically  identical  with  that  previously  given.  The  general  specific 
lotion  rate  of  cinchonine  is,  consequently,  1.2 1  times  that  of  cinchonidine 
Ifer  the  same  experimental  conditions.  In  view  of  the  values  obtained 
'  the  first  and  second  dissociation  constants  of  the  two  alkaloids  this 
Terence  in  rate  of  conversion  must  be  ascribed,  as  already  pointed  out, 
the  stereoisomeric  difference  between  cinchonine  and  cinchonidine. 
[d  the  conversion  of  cinchonine  into  cinchotoxine  (see  Equation  o) 

K,  =  (Kc'  +  AoCO (Cin.  H+) 

^(Cin.H+)  +  (Cin.H2++) 

he  presence  of  acetic  acid  this  becomes, 

(Cin.  H+) 


Ks  =  (0.0032  +  0.0665  CO 


■*rt^M>aMi^M>^M 


(Cin.  H+)  +  (Cm.  H«++)' 
in  the  presence  of  formic  add  (see  Table  XI) 

(Cin.  H+) 


Kt  =  (0.0032  +  0.0550  C) 


(Cin.H+)  +  (Cin.H,++)' 


rthe  conversion  of  dnchonidine  into  cinchotoxine,  the  general  equa* 
naturally  becomes, 

K.  =  -^  (K'o  +  AoCO (Cin.  H+)  ^ 

1.21  ^(Cin.  H+)  +  (Cin.  H,++)  ^' 


u 


presence  of  acetic  add  this  leads  to, 

ir         f         ^     y  nn  (Cin.  H+) 

Ks  =  (0.00264  +  0.0550  CO 


(Cin.  H+)  +  (Cin.  H,++)' 
in  the  presence  of  formic,  to 

rr         r         ^    ^  nf\  (Cin.  H+) 

Ks  —  (0.00264  +  0.0455  CO ^7 : — ' tt;- 

^  ^  (Cin.  H-)  +  (Cin.  H,++) 

the  case  of  cinchonidine,  then,  Elo '  =  0.00264,  for  acetic  add  Ao  = 
50  and  for  formic  add  Ao  =  0.0455. 

Bder  Ao '  (cinchonidine),  Table  XV,  the  values  for  the  absolute  re- 
rate  for  cinchonidine  have  been  calculated  from  the  equation, 

A..  .  ,/c'(K.  X  (Ci°.H2+(a;..H.^)  _  „^^, 

(Cm.  H''') 

Ao*'  (cinchonine),  the  corresponding  values  for  cinchonine  have 
calculated  from  the  equation, 

A  f        /r^u         ^ir   ^  (Cin.  H+)  +  (Cin.  H8++)  ^ 

Ao'  =  i/C'(i.2i  X  Ki  X  ^^ '      \,^ '  —  0.0032). 

(Cm.  H+) 

was  of  course  to  be  expected,  the  mean  values  obtained  for  Ao '  and 
correspond  with  those  already  given,  as  is  shown  in  Table  XVI. 
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Table  XVI. 

Ao'  (acetic).       A«'  (formic). 

Prom  Table  XV 0.0547  0.0459 

Previously  given 0.0550  0.0455 


Ao'  (acetie).      A««  (fonni^ 
0.0563  0.0555 

0.0665  O.Q550 


II.  Discussion  of  the  Nature  of  the  Reaction. — In  the  study  of 
catalysis  of  the  cinchona  alkaloids  in  the  presence  of  organic  adds, 
puzzling  question  that  remains  to  be  answered  is  that  regarding 
mechanism  of  the  reaction.    That  the  positive  catalyzing  influence 
not  a  matter  of  decreasing  concentration  of  H+  ion,  but  is  a  d 
linear  function  of  the  concentration  of  the  tmdissociated  add,  has 
dearly  shown  in  the  preceding  pages.    This  catal3rtic  action  has 
observed  in  the  case  of  all  such  common  organic  adds  as  lactic, 
tartaric,  maUc,  formic,  acetic  and  propionic.    What,  it  must  be 
is  the  specific  role  of  the  organic  acid  in  the  mechanism  of  the 
While  the  data  obtained  as  yet  are  insuffident  fully  to  answer  this  qu 
there  is  one  property  of  an  organic  add  which  leads  to  a  tentative 
tion  and  that  is  the  readiness  with  which  such  an  acid  yields  an 
amide  when  heated  with  ammonia,  or  a  primary  or  secondary 
It  is  conceivable  that  the  tendency  to  form  an  acetyl  or  other  acyl  d 
ative  of  dnchotoxine  as  an  intermediate  product  is  a  factor  contribui 
to  the  conversion  of  the  tertiary  dnchona  alkaloid  into  a  toxine 
taining  a  secondary  nitrogen  atom.     Such  an  acyl  derivative,  howe 
if  formed,  apparently  occurs  as  an  intermediate  and  not  a  final  pr* 
since  in  all  cases  examined  titration  accotmted  for  the  total  organic 
present. 

A  reaction  favoring  the  hypothesis  advanced  is  the  readiness 
which  the  alkyl  haUdes  of  the  dnchona  alkaloids  are  converted 
toxines.    Thus,  cinchonine  methyl  iodide  on  treatment  with  po 
hydroxide   readily   yields   methyldnchotoxine.^    Of   additional   in 
in  this  connection  is  the  influence  of  the  concentration  of  acetic  add 
the  familiar  reaction,   the  conversion   of  aniline  into  acetanilide. 
shown  by  Tobias*  the  amount  of  acetanilide  formed  in  a  given  time  atl 
constant  temperature  is  dependent  upon  the  concentration  of  the 
add  present.    A  further  study  of  reactions  of  this  type  is  being  contini 
in  this  laboratory. 

It  may  be  noted  finally  that  any  attempt   adequatdy   to  det 
the  mechanism  of  the  reaction  discussed  in  this  paper .  must  take 
consideration  all  the  factors  possibly  involved.    Thus,  for  example, 
mathematical  proof  given  does  not  ne(^ssarily  exdude  the  possi' 
that  partially  ionized  cinchonine  salt,  i.  e,,  intermediate  ions  of  the 

^  Clatis  and  M^er,  Ber.,  13,  2290  (1880);  Miller  and  Rhoda,  Ibid.,  27, 1280  (i 
Ibid.,  aS,  1066  (1895). 

>  Ibid.,  15,  2868  (1882). 
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Cin.  ^:^»  ^xiay  not  take  some  part  in  the  reaction.    Furthermore,  as  has 

already  been  pointed  out,  from  the  nature  of  the  'case  no  account  has  been 
taken  in  the  calculation  of  the  role  played  by  the  totally  undissociated 
alkaloid  salt  unquestionably  present  in  the  solution.  In  view  of  the 
general  simultaneous  action  of  ions  and  undissociated  ionogens  so  ably 
investigated  by  Goldschmidt,  Acree,  Stieglitz  and  others,^  a  complete 
mathematical  and  tiieoretical  interpretation  of  the  reaction  must  needs, 
consequentiy,  take  into  consideration  the  influence  upon  the  reaction 
both  of  the  partially  and  of  the  completely  nonionized  alkaloid  salt. 
Such  consideration  will  doubtiess  largely  explain  the  deviations  in  re- 
action rate  occasioned  by  varying  initial  concentration  of  the  alkaloid* 
The  influence  of  these  and  other  factors  upon  the  specific  reaction  rate, 
both  in  the  case  of  the  cinchona  alkaloids  and  in  that  of  the  less  involved 
acetylation  of  an  amine  such  as  aniline,  will  be  made  the  subject  of  asubse- 
qnent  paper. 

In  condusion  I  take  this  opportunity  of  expressing  my  appreciation  to 
Prof.  Joel  EQllebrand  and  Dr.  L.  Q.  Adams  for  a  number  of  helpful  sug- 
gestions, and  my  indebtedness  to  M.  J.  Gavin  for  the  experimental  work 
in  determining  the  second  dissociation  constant  of  dnchonine  and  of  dn- 

ohonidtne. 

Summary. 

1.  The  concentration  of  H+  ion  in  a  solution  of  a  dnchona  alkaloid 
oontaining  adds  of  vai3ring  concentration  may  be  calculated  with  suffident 
accuracy  to  determine  the  effect  of  different  concentrations  of  the  ion 
upon  the  rate  of  the  conversion  of  the  alkaloid  into  its  toxin. 

2.  The  graph  obtained  by  plotting  the  specific  reaction  rates  against 
the  conoentratiQns  of  H"*"  ion,  for  solutions  of  constant  concentration  with 
respect  to  the  undissodated  organic  add,  is  a  regular  curve  in  which  the 
specific  reaction  rates  change  the  more  rapidly  the  lower  the  concentra- 
tion of  the  H+  ion. 

3.  The  specific  reacti<»i  rate  at  constant  concentration  of  catalyzing 
add  in  solutions  of  constant  concentration  with  respect  to  the  alkaloid 
is  directiy  proportional  to  the  concentration  of  the  univalent  dnchonine 
or  cinchonidine  ion,  i.  e.,  K200  (Cin.  H"^). 

4.  The  specific  reaction  rate  at  constant  concentration  of  the  tmivalent 
cmclionine  or  cinchonidine  ion  is  a  linear  function  of  the  concentration 
of  the  undissodated  organic  add,  i,  e.,  Ks  »  K'  -h  AC^  This  result 
is  particularly  significant  in  that  it  fully  establishes  the  fact  that 
an  undissociated  molecule  (in  this  case  an  un-ionized  dectrolyte)  in 
homogeneous  solution  can  act  as  a  direct  catalytic  agent  and  that  through 
a  wide  range  of  concentration  (in  the  case  of  acetic  add,  the  law  lyas 
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confirmed  for  concentrations  of  undissodated  acid  varying  from  0.0485 
molal  to  7.85  molal). 

The  relations  set  forth  under  3  and  4  are  conveniently  eicpressed  in  the 
general  equation, 

K»  =  (Zo'  +  AoCO  (cin.  H+)  +  (Cin.  H,++)' 

^  which  enables  us  to  extend  the  application  also  to  var3dng  concentratioof 
of  the  alkaloid. 

5.  The  specific  catalytic  action  of  the  three  organic  adds,  formic,  acetitt 
and  propionic,  increases  in  the  order  of  the  adds  named.  Indeed,  the 
absolute  reaction  rate  for  an  organic  add,  Ao,  appears  to  be  directly 
portional  to  the  molecular  wdghts  of  the  particular  adds  coneem< 
relationship,  however,  which  is  probably  acddental. 

6.  The  specific  reaction  rate,  which  on  theoretical  grotmds  should  um 
like  conditions  be  independent  of  the  initial  concentration  of  the 
chonine  or  cinchonidine,  is  fotmd  slowly  to  decrease  with  inereasing 
centration  of  the  alkaloid.     In  view  of  similar  variations  in  rate  of 
under  similar  conditions  in  the  case  of  such  catal3rses  as  the  inversion 
cane  sugar  and  the  hydrolysis  of  esters,  these  deviations  from  constanqfl 
in  the  case  of  the  cinchona  alkaloids  are  not  to  be  regarded  as  abnormal. 

7.  The  specific  reaction  rates  of  the  two  isomeric  alkaloids  under  likfr 
conditions  bear  to  each  other  a  constant  ratio,  whose  mean  value  is, 
cinchonidine  to  dnchonine,  i  :  1.2 1.  This  difference  in  rate  of  conver- 
sion is  apparently  to  be  attributed  solely  to  the  stereoisomeric  diff( 
existing  between  the  two  alkaloids. 

8.  A  tentative  suggestion  as  to  the  mechanism  of  the  reaction  invd 
in  the  conversion  of  the  cinchona  alkaloids  into  thdr  toxins  is  offered  on 
the  basis  of  the  readiness  with  which  organic  adds  yield  acyl  derivatives 
with  primary  and  secondary  amines. 

Bssssunr,  Cauvobuxa. 


AN  APPARATUS  FOR  THE  STUDY  OF  REACTIONS  BETWraV 

GASES  AND  LIQUIDS. 

By  S.  BmacT  Rsro. 
Received  Jane  17.  1915. 

The  apparatus  here  described  has  been  devised  and  used  for  the  study 
of  catalytic  hydrogenation,  but  may  serve  for  the  study  of  any  reactioai 
in  which  a  gas  is  to  be  brought  into  intimate  contact  with  a  liquid  under 
constant  conditions.  The  problem  is  to  introduce  a  high  speed  stirrer, 
inlet  and  outlet  tubes,  and,  possibly,  a  sampUng  tube  through  a  com- 
paratively small  stopper  and  to  render  the  whole  gas  tight  for  both  in- 
creased and  reduced  pre^ure.  The  apparatus  is  shown  in  the  sketch 
in  section,  Fig.  i. 
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The  bearing,  AC,  is  made  of  two  pieces  of  steel  rod,  AB,  and  BC,  0.5 
and  1.5  inches  long,  respectively.  Both  of  these  have  a  Vs  in-  hole  drilled 
longitudinally  through  them,  then  the  longer  one  is  drilled  out  to  a  size 
of  about  Vtt  for  most  of  its  length,  t.  e.,  from  B  to  D.  The  shorter  piece 
is  turned  down  for  half  its 
kngth  till  it  fits  closely  into 
the  other,  so  that  a  double  bear- 
iiig  is  formed,  with  an  enlarged 
|$avity  in  the  central  portion. 
QThe  two  parts  are  assembled  and 
els  about  Vie  by  Vie  in.  are 

in  opposite  sides  as  shown  at 
and  K  in  cross  section  in  Pig. 

Care  must  be  taken  that  the 
els  do  not  cut  through  the 

s  of  the  cavity.    The  Vie 
tubes  that  are  used  for  the 

inlet  and  outlet  tubes  are 

in  these  channels  which  are 
then  filled  with  solder,  the  solder 
more  than  filling  the  channels. 
The  excess  of  solder  is  turned 
off  in  the  lathe  so  that  the  whole 
is  a  perfect  cylinder  externally 
and  adapted  to  make  a  tight 
joint  when   passed   through   a 


The  stirrer  may  be  of  any 
suitable  form,  but  the  Witt  cen- 
trifugal stirrer  shown  is  one  of 
the  best,  as,  when  nm  at  high 
Bpeed,  it  eflfects  very  thorough 
fluxing.  The  stirrer  may  be 
inade  of  glass  and  fastened  to 
the  shaft  by  a  bit  of  wire  which 
passes  through  a  hole  in  the  shaft  and  through  holes  in  the  stirrer.  The 
shaft,  S,  is  of  ^/s  in.  drilljrod  and  carries  a  pulley  of  suitable  size.  The 
inlet  and  outlet  tubes  are  bent  as  shown  and  carry  enlargements  so  as 
to  make  convenient  joints  with  rubber  tubing. 

The  bearing  passes  through  a  hole  in  a  0.5  in.  rod,  EF,  and  is  held  in 
place  by  a  set  screw,  G.  This  rod  is  conveniently  clamped  to  a  labora- 
tory iron  stand. 


/ 
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To  assemble  the  apparatus,  the  shaft  is  pushed  a  short  distance  into 
the  bearing  from  the  bottom  and  merctuy  is  poured  in.    The  shaft  is 
then  pushed  on  through,  causing  the  excess  of  mercury  to  overflow  and 
leaving  the  cavity  in  the  bearing  filled  with  mercury.    Thus  a  gastight 
mercury  seal  is  formed  which  is  tight  no  matter  how  fast  the  shaft  rotates. 
To  make  a  stuffing  box  gastight  would  require    so  much  pressure  that 
the  rotation  of  the  shaft  would  be  hindered.    The  merctuy  seal,  though 
tight,  offers  no  resistance  to  the  motion  of  the  shaft.    This  seal  is  tight 
against  either  excess  or  diminished  pressure  for  moderate  pressons. 
The  apparatus  in  use  proved  to  be  gastight  under  a  pressure  of  3  feet 
of  water.    The  shaft  must  fit  the  bearings  very  accurately  to  avoid  danger 
of  loss  of  mercury,  but  little  trouble  has  been  met  with  in  this  respect  < 
Lubrication  is  accomplished  by  placing  a  drop  of  oil  above  and  beloir 
the  bearings  and  working  the  shaft  up  and  down  a  few  times.    This  I 
should  be  done  each  time  the  apparatus  is  used. 

In  case  it  is  desired  to  take  out  samples  during  the  course  of  the  rt- 
action,  the  bearing  is  cut  from  somewhat  larger  rod  and  a  hole  is  driOei 
through  the  assembled  bearing,  to  one  side,  as  shown  in  section  at  H  in] 
Pig.  3.  This  hole  is  stopped  by  a  plug  lubricated  with  oil.  For  taking 
out  a  sample,  a  piece  of  0.25  in.  glass  tubing  is  drawn  out  to  a  capillaiy 
about  6  in.  long.  This  is  passed  down  through  the  hole  in  the  bearing 
and  the  desired  amotmt  of  liquid  drawn  out.  A  hole  is  drilled  in  the 
web  of  the  pulley  so  that  it  can  be  brought  over  the  hole  in  the  bearing 
and  allow  the  capillary  to  pass.  In  studying  the  velocity  of  the  reaction, 
the  time  is  taken  till  the  moment  that  the  stirrer  is  stopped.  Taking  out 
a  sample  requires  about  one  minute.  The  time  for  the  next  period  isj 
taken  from  the  moment  that  the  stirrer  is  again  started.  Experiments^ 
have  shown  that  reactions  of  this  sort,  depending  on  stirring,  stand  pi»c- 
tically  still  when  the  stirrer  is  not  in  operation. 

The  size  apparatus  here  described  has  proved  extremely  useful  for  small 
scale  work  of  a  variety  of  kinds.  Obviously,  the  same  plan  might  be 
used  for  apparatus  for  larger  operations.  The  flask  is  heated  to  any  de- 
sired temperature  by  being  placed  in  a  suitable  bath.  Temperatures 
up  to  220^  have  been  used.  The  stirrer  has  been  run  by  an  electric  motior, 
a  rubber  band  serving  as  a  convenient  belt.  Speeds  of  3000  to  4400 
revolutions  per  minute  have  been  obtained  without  difficulty. 

One  application  of  this  apparatus  will  be  described  in  the  following  com- 
munication. It  is  here  described  in  the  hope  that  it  may  be  of  service 
to  those  who  are  working  on  reactions  involving  gases  and  liquids. 


J0B118  H0PKZN8  UmvSKsm, 
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STUDIES  IN  CATALYTIC  HTDROGBNATION.  I.  A  NSW  METHOD 

OF  HTDROGENATION  OF  VOLATILE  SUBSTANCES  AND 

THE  RATE  OF  H7DROOENATION  OF  ETHYLENE. 

Bt  J.  B.  lUnotB  AMD  S.  SmciT  R«id. 
Reeelred  June  17, 1915. 

While  an  enormous  amount  of  work  is  being  done,  by  a  host  of  investi- 
gators,  on  catalytic  hydrogenation,  but  little  of  this  work  has  been  of  a 
quantitative  nature.  The  present  work  was  undertaken  to  obtain  more 
information  of  a  quantitative  sort  on  this  important  reaction.  This 
preliminary  paper  is  intended  to  put  on  record  some  results  obtained  with 
a  method  of  hydrogenation  somewhat  different  from  those  in  use,  so  as  to 
reserve  this  part  of  the  field  for  further  work. 

It  has  been  customary,  in  hydrogenating  volatile  substances,  to  pass 
a  mixture  of  the  gas  or  vapor  and  hydrogen  over  reduced  nickel  in  a  long 
tube.  On  the  other  hand,  in  hydrogenating  nonvolatile  oils,  a  common 
method  is  to  pass  hydrogen  through  the  oil  containing  the  catalyst,  mean- 
while agitating  the  oil  so  as  to  break  up  the  gas  bubbles  and  to  keep  the 
catalyst  in  suspension.  The  present  method  is  a  sort  of  combination  of 
these  two  methods  in  that  the  volatile  substance  to  be  hydrogenated  is 
mixed  with  hydrogen  and  this  mixture  is  passed  through  a  nonvolatile 
inert  liquid  containing  the  catalyst,  the  mixture  being  thoroughly  agitated 
so  as  to  comminute  the  gas  bubbles  and  to  bring  them  in  intimate  con- 
tact with  the  catalyst  which  is  kept  in  suspension.  It  is  evident  that 
the  mixture  of  hydrogen  and  reducible  gas  or  vapor  may  be  brought  into 
contact  with  the  nonvolatile  oil  containing  the  catalyst  in  any  of  the  many 
ways  in  which  hydrogen  may  be  made  to  act  on  oils  in  the  various  pro- 
cesses that  have  been  proposed  for  the  hydrogenation  of  fatty  adds  or 
their  glycerides. 

In  this  preliminary  work,  ethylene  has  been  the  substance  studied, 
though  it  is  intended  to  extend  the  work  to  other  gases  and  to  substances 
sufficiently  volatile  within  the  limits  of  the  working  temperatures. 
Ethylene  was  chosen  as  it  is  easy  to  obtain  in  pure  condition  and  because 
its  hydrogenation  presents  the  simplest  possible  case. 

The  hydrogenation  of  ethylene  has  been  studied  by  several,  one  of  the 
eariiest  cases  of  catalytic  reduction  on  record  being  the  work  of  von  Wilde,  ^ 
who  exposed  a  mixture  of  equal  volumes  of  hydrogen  and  ethylene  to  the 
action  of  platinum  black  in  an  eudiometer  and  obtained  a  quantitative 
3rield  of  ethane.  Sabatier  and  Senderens^  passed  a  similar  mixture  over 
reduced  nickel  and  found  the  tuiion  to  be  complete. 

» Ber.,  7, 353  (1874). 

'  CompL  rend,,  134,  1358  (1897). 
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Experimoital. 

Prepaxatton  of  fhe  Catalyst. — One  hundred  grams  of  infusorial  earth 
were  treated  with  a  solution  of  50  g.  nickel  nitrate,  Ni(N08)2-6H20,  in 
about  150  cc.  water,  and  the  resulting  moist  mass  added  to  a  strong  water 
solution  of  60  g.  soditun  carbonate,  NasCOs.ioHsO,  to  precipitate  the 
nickel  as  carbonate.  The  product  was  well  washed  and  dried  and  the 
nickel  carbonate  reduced  by  heating,  in  a  glass  tube,  just  below  red  heat, 
in  a  current  of  pure  dry  hydrogen  till  no  more  water  was  formed,  and  coded 
in  a  current  of  pure  dry  carbon  dioxide.  In  order  to  standardize  the 
catalyst,  its  activity  was  tried  with  cottonseed  oil,  70  g.  of  the  oil  and 
i.o  g.  of  the  catalyst  being  treated  with  pure  dry  hydrogen  at  180**  in 
the  apparatus  described  in  the  preceding  communication.  The  iodine 
number  of  the  oil  was  lowered,  in  60  minutes  treatment,  from  113.7  to 
44.6.  Experiment  showed  that  the  catalyst  did  not  deteriorate  appreci- 
ably during  the  time  that  each  portion  of  it  was  in  use. 

Temperature. — In  aU  of  the  experiments,  the  temperature  was  main- 
tained at  180^  ^  I  ^  by  immersing  the  bulb  of  the  reaction  flask  in  an  oil 
bath,  the  temperature  of  which  was  maintained  constant  by  an  oil  thermo- 
stat with  mercury  contacts,  controlling  a  gas  regulator  essentially  the 
same  as  that  previously  reported  from  this  laboratory.^ 

Materials* — ^The  ethylene  was  made  according  to  method  of  Senderens^ 
and  washed  with  sodium  hydroxide  solution.  The  hydrogen  was  from 
zinc  and  add  and  was  washed  with  alkaline  potassium  permanganate. 
As  an  inert  medium,  in  which  to  suspend  the  catalyst,  melted  paraffin 
was  used. 

Procedure. — ^The  gas  mixtures  were  prepared  in  gasometers,  holding 

about  24  L,  which  were  provided  with  an  arrangement  for  maintaining 

nearly  constant  presstu-e.    The  same  lot  of  the  mixttu-e  was  used  for  the 

whole  series  of  experiments  on  any  one  proportion.    Each  mixture  was 

analyzed  for  ethylene  by  the  usual  method  with  ftmiing  sulfuric  acid. 

The  mixture  of  gases  was  nm  through  concentrated  sulfuric  to  dry  it  and 

then  into  the  reaction  flask  which  contained,  in  each  experiment,  i.o  g. 

of  the  catalyst  and  70  g.  of  the  parafiin.    The  stirrer  was  run  at  3300 

to  3500  r.  p.  m.     In  each  case,  time  was  allowed  for  the  displacement  of 

air  from  the  apparatus  and  for  the  hot  paraffin  to  come  to  equilibrium  with 

the  ethylene,  hydrogen  and  ethane  passing  through  it.     The  attainment 

of  this  equilibriimi  was  shown  by  constancy  in  the  analysis  of  successive 

samples  of  the  issuing  gases.    The  amount  of  ethane  in  the  product, 

which  is  the  same  as  the  percentage  of  reduction  of  the  ethylene,  was 

calculated  by  the  following  formula,  in  which  Ei  is  the  percentage  of 

ethylene  in  the  original  mixture  and  Ea  is  the  percentage  of  ethylene  in  the 

^  Am.  Chem.  J.,  41,  148  (1909). 
*  Com^.  rend.,  15X1  392  (191 1). 
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products    of    the    reaction.     Ethane  = 


looEi  —  looEi 


Fresh    lots    of 


ICO  —  Ej 
catalyst  and  of  paraffin  were  used  for  each  24  1.  of  mixture. 

The  rate  of  gas  flow  and  the  composition  of  the  original  mixture  are 
the  only  variables  studied  in  the  present  work.  The  results  are  given 
in  tabular  form  and  are  reproduced  in  ciuves. 

Rbsults. 


Blhjfene 

in  orv. 

Buxtwe. 

Rate  of 
flowcc. 

Ethane 

Reduc- 
tion %. 

Gftfl 
handled 

cc. 
per  min. 

Ethylene 

In  org. 

mixture. 

Rate  of 
iowcc. 
per  min. 

Ethane 

Reduc- 
tion %. 

Gas 
handled 

oc 
per  min. 

10. 0 

10 

6.8 

68 

1.4 

32.5 

25 

20.4 

63 

10.2 

25 

5.1 

51 

2.5 

50 

13.4 

41 

13.4 

50 

3-9 

39 

3.9 

100 

9.6 

30 

19.2 

100 

2.7 

27 

5.4 

200 

4.8 

15 

19.2 

200 

2.1 

21 

8.4 

49.8 

10 

34.1 

69 

6.8 

20.0 

10 

14.1 

70 

1.4 

25 

31.4 

63 

15.7 

23 

9.4 

47 

5.9 

50 

21. I 

42 

21. 1 

50 

6.4 

32 

6.4 

100 

17.0 

34 

340 

100 

5-1 

25 

10.2 

200 

3.0 

15 

12.0 

Discussion  of  Results. 

The  results  are  by  no  means  as  regular  as  could  be  wished,  and  some  are 

evidently  out  of  relation  to  the  others.    They  are  not  to  be  considered 

as  final.     The  irregularities  may  depend  on  factors  not  as  yet  known  or 

controlled.     In  Fig.  i  the  percentage  of  the  ethylene  reduced  is  plotted 
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against  the  rate,  of  flow.  .  The  interesting  result  is  that,  for  all  of  the 
mixtures,  about  70%  of  the  ethylene  is  reduced  when  the  rate  of  flpw 
is  10  cc.  per  minute.  All  of  the  results  for  the  10%  mixtm-e  are  regular 
and  as  would  be  expected.  Those  for  mixtures  containing  higher^per- 
ceotages  of  ethylene  are  by  no  means  so  regular  and  the  ciurves  are  in 
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unexpected  relations  to  each  other.  Doubtless  the  determining  factor 
is  solubility.  The  reaction  is  probably  taking  place  between  the  ethylene 
and  the  hydrogen  that  are  dissolved  in  the  para£Bin.  The  mass  law  then 
holds  for  this  solution  and  not  for  the  gases  that  are  not  in  solution.  When 
the  passage  of  the  gas  mixture  is  rapid,  the  gases  are  swept  throu|^ 
before  equilibrium  can  be  established  between  the  gas  mixture  and  the 
solution. 

In  Pig.  2  the  volume,  in  cc,  of  gases  made  to  combine,  per  minute, 
is  plotted  against  the  rate  of  flow.    As  was  to  be  expected,  this  amomit 
increases  with  the  amount  of  the  gas  mixttu-e  that  is  exposed  to  the  action 
of  the  catalyst.    The  results  for  the  different  mixtures  are  in  the  expected ; 
order,  those  for  the  rate  of  loo  cc.  per  minute  being  the  most  instructive. 
Under  these  drcuxnstances,  in  the  50%  mixture,  17  cc.  of  hydrogen  if^ 
made  to  combine  with  17  cc.  of  ethylene  in  i  minute.    Since  the  i  g.  of 
the  catalyst,  as  prepared,  cannot  contain  more  than  o.i  g.  nickel,  the' 
voltune  of  this,  considered  as  Ni,  would  be  about  o.oi  cc.  or  less.    Henoe 
the  catalyst  induces  the  reaction  in  3400  times  its  own  volume  of  the  gas. 
mixture  in  i  minute.    In  the  experiment  with  cottonseed  oil,  given  above, 
the  same  amotmt  of  nickel  caused  the  absorption  of  4230  cc.  of  hydrogen 
or  423,000  times  its  own  volume  of  hydrogen  in  60  minutes,  or  7000  times 
its  own  volume  in  each  minute.    These  volumes  are  calculated  for  a 
temperature  of  o^  and  would  be  67%  greater  at  180^,  at  which  the  action 
really  took  place.    The  amotmt  of  hydrogen  caused  to  combine  with  the 
oil  is  several  times  as  great  as  the  amount  combined  with  the  ethylene, 
which  is  as  would  be  anticipated,  as  the  concentration  of  the  etjbyleiie  in 
the  paraffin  is  probably  much  smaller  than  the  concentration  of  the  oleine  , 
in  the  oil,  and  the  partial  pressure  of  the  hydrogen  in  the  mixture  is  only 
half  so  great  as  in  the  pure  hydrogen.    However,  the  results  are  <tf  the 
same  order  of  magnitude. 

Further  work  is  anticipated,  and  it  is  desired  to  reserve  the  study 
of  the  various  factors  influencing  the  rate  of  hydrogenation  in  gaseous 
mixture  as  well  as  the  extension  of  the  method  to  other  unsaturated  gases 
and  vapors. 

Conclusions. 

1.  It  has  been  shown  that  hydrogen  and  ethylene  combine  readily  when 
a  mixture  of  the  two  gases  is  passed  through  an  indifferent  oil  in  which 
a  nickel  catalyst  is  kept  in  suspension.  These  experiments  indicate  a 
new  method  of  hydrogenating  volatile  substances. 

2.  Some  quantitative  meastuements  have  been  made  on  the  rates  of 
combination  of  ethylene  and  hydrogen  tmder  the  influence  of  a  nickd 
catalyst  under  different  conditions. 

BAvriNORs,  mp. 
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In  an  earlier  paper,  by  Karslake  and  Huston,^  three  nitrosulfonic  adds 
of  />-xylene  were  described.  These  were  prepared  by  the  nitration  of 
^sylenesulfonic  add,  or  the  sulfonation  by  means  of  chlorosulfonic  add 
of  nitro-^-xylene.  Separation  of  the  products  was  effected  by  fractional 
crystallization  of  the  sulfonchlorides  from  ether  and  petroleum  ether. 
The  configuration  was  determined  by  redudng  the  free  adds  to  the  corre- 
sponding aminosulfonic  adds. 

In  addition  to  those  described  in  the  previous  paper,  the  following 
derivatives  of  the  three  nitrosulfonic  adds  of  ^-xylene  have  been  pre- 
pared: The  0-,  m-  and  ^-tolyl  esters  and  the  o-  and  ^-tohiidides.  A 
description  of  these  follows. 

Preparation  of  the  Tolyl  Esters. — ^The  crude  sulfonchlorides  were  re- 
peatedly recrystallized  until  they  melted  sharply  at  their  respective 
melting  points.    The  tolyl  esters  were  then  prepared  as  foUowis:' 

^•75  ?•  ^f  purified  cresol  {o-,  w-,  or  p-)  was  mixed  in  a  glass-stoppered 
bottle  with  i  g.  of  p3rridine,  i .  75  g.  of  the  purified  sulfonchloride  was  then 
added.  Heat  was- evolved.  The  mixture  was  placed  in  a  constant  tem- 
perature oven  at  90°  for  fifteen  minutes.  After  standing  over  night 
at  room  temperature,  it  was  washed  repeatedly  with  cold  water.  The 
ester  was  then  dissolved  in  hot  alcohol  and  set  aside  to  crystallize. 

Preparation  of  Toluidides. — ^The  following  method  was  used  in  the 
preparation  of  all  of  the  toluidides: 

1-5  g-  of  the  purified  sulfonchloride  was  dissolved  in  20  cc.  of  carbon 
tetrachloride  and  treated  with  an  excess  (2  cc.)  of  freshly  distilled  tolui- 
dine  (0-  or />-).  The  solvent  was  evaporated  off  on  the  water  bath.  The 
residue  was  washed  repeatedly  with  10%  hydrochloric  add  and  dissolved 
in  5%  sodium  hydroxide'  solution.  After  filtering,  the  toluidide  was 
predpitated  with  dilute  hydrochloric  add,  washed  and  recrystallized, 
first  from  95%  alcohol  and  then  from  50%  alcohol,  until  pure. 

Derivatives  of  6-Nitro-i4-dimethylbenzene-2-stttfonic  Acid. 
o-Tolyl  Ester,   C6H2(eH3)2N02S08C6H4CH8.— The  sulfonchloride  dis- 
solved readily  in  the  pyridine-cresol  solution,  and  crystals  began  to  form 
at   once.    After  washing  and  recrystallizing  four  times  from  alcohol, 
the  cstier  melted  sharply  at  66-67  ^^  (corr.).    It  forms  nodules  of  opaque, 

*  This  Journal,  36,  1244  (1914). 

'  Ber,,  35,  1443  (1902). 

'vAUjtb^  toluidides  studied  are  partially  decomposed  by  10%  apdium  hydrozi^. 
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flat,  pointed  crystals,  fairly  soluble  in  alcohol,  ether,  chloroform,  caiboal 

tetrachloride  and  benzene,  only  slightly  soluble  in  petroleum  ether,  and! 

insoluble  in  water. 

Subst.:  0.3566  g.;  cc.  0.1  N  HCl,  10.9.    Calc:  N,  4.36%.    Pound:  N,  4.28%. 
The  Gunning- Jodlbauer  modification  of  the  Kjeldahl  method  was  used. 

m-Tolyl  Ester,  CeH2(CH8)2N02S03C6H4CH8.— The  sulfonchlcnide 
solved  more  slowly  in  the  p)rridine-m-cresol  mixttue  than  it  did  in 
pyridine-o-cresol  mixture. 

The  ester  is  much  less  soluble  in  organic  solvents  than  the  ^-tolyl 
and  slightly  more  soluble  than  the  ^-tolyl  ester.     It  comes  down 
alcoholic  solution  in  well-formed  rhombohedral  plates  which  mdt 
71.5-72*'  (corr.). 

Subst.:  0.4191  g.;  cc.  o.i  N  HCl,  12.9.     Calc;  N,  4.36%.    Found:  N,  4.31%. 

^Tolyl  Ester,  C6H2(CH3)2NOaS08C6H4CH,.— This  ester  is  the 

soluble  in  organic  solvents  of  the  tolyl  esters  of  the  6-mtrosulfonic 

It  crystaUized  from  alcohol  in  clusters  of  very  thin,  lustrous  plates  wl 

melt  at  93  •5-^4 -5**  (corr.). 

Subst.:  0.3158  g.;  cc.  o.i  N  HCl,  9.8.    Calc:  N,  4.36%.    Found:  N,  4.35%. 

o-Toluidide,  C«H2(CH,)2N02S02HNCeH4CH8.— This  compound 

down  from  ninety-five  per  cent,  alcohol  in  colorless  plates  and  from 

per  cent,  alcohol  in  clusters  of  very  fine,  flat  needles.    It  is  readily  sob 

ble  in  alcohol,  chloroform,  carbon  tetrachloride,  and  benzene,  less 

ble  in  ether  and  petroleum  ether;  but  insoluble  in  water.    M.  p.  126. 

127.5**  (corr.). 

Subst.:  0.2587  g.;  cc.  0.1  N  HCl,  15.9.    Calc:  N,  8.75%.    Found:  N,  8.61%. 

^Toluidide,  C8H2(CH3)2N02S02HNC«H4CH,.— This  is  less  soluble  ii 
organic  solvents  than  the  o-toluidide  of  the  same  acid.    It  began  to 
dpitate  immediately  from  the  reacting  mixture.    It  comes  down 
fifty  per  cent,  alcohol  in  clusters  of  long,  silky,  colorless  filaments.     M. 

135-136**  (corr.). 

Subst.:  0.2807  g.,  0.3476  g.;  cc.  0.1  N  HCl,  17.1,  21.5. 
Calc:  N,  8.75%.    Found:  N,  8.53%,  8.68%. 

Derivatives  of  3-Nitro-x,4-dimethylbenzene-2-6ulfoiiic  Acid. 

<?-Toljl  B«ter,  QH2(CH3)2N02SOsC«H4CHs.— The  sulfonchloride  dis- 
solved more  slowly  in  the  p3rridine-d?-cresol  mixture  than  did  either  of  its: 
ispmers.  The  mixture  darkened  when  heated  to  90®,  but  solidified  im* 
mediately  on  cooling.  This  is  the  least  soluble  in  organic  solvents  of  the 
tolyl  esters  of  the  3-nitrosulfonic  acid.  It  crystallizes  from  alcohd  in 
hard,  opaque  prisms  which  melt  sharply  at  151. 5-152**  (corr.). 

Subst. :  0.3743  g.;  cc.  O.I  N  HCl,  11.55.     Calc:  N,  4.36%.    Found:  N,  4.39%. 

m-Tolyl  Ester,  C6H2(CH3)2N02S03C«H4CH8.— The  sulfonchloride  dis- 
solved a  little  more  rapidly  in  the  pyridine-m-cresol  mixture  than  in  the 
pyridin«-(>>cresol  tnixture.    The  iester  comes  down  from  alcohol  in  lustrous, 
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colorless  plates.    It  is  slightly  more  soluble  than  the  o-tolyl  ester  of  the 

same  add.    M.  p.  107. 5-108**  (corr.). 

Subst.:  0.2989  g.;  cc.  0.1  N  HCl,  9.1.     Calc:  N,  4.36%.    Pound:  N,  4.27%. 

p-Tolyl  Ester,  C«H,(CH,)JSf0jS0sC«H4CHa  — The  sulfonchloride  dis- 
solved readily.  The  reacting  mixture  did  not  completely  solidify  on 
standing  over  night.  It  was  washed  repeatedly  with  cold  water  tmtil 
it  solidified.  This  ester  is  much  more  soluble  in  organic  solvents  than 
the  other  tolyl  esters  of  the  same  add.  On  evaporation  of  its  alcoholic 
solution  at  room  temperattu'e  it  tended  to  form  an  oily  deposit.  Crys- 
tallization is  best  carried  on  at  about  10^.  It  comes  down  in  fine,  poorly 
formed,  needle-like  plates  which  melt  after  ten  recrystallizations  at  76- 

77**  (corr.). 

Subst.:  0.3128  g.;  cc.  0.1  N  HCl,  9.6.     Calc:  N,  4.36%.    Pound:  N,  4.3%. 

o-Toluidide,  C«H,(CH,)jN0,S0jHNC«H4CH..  —  This  compound  is 
slightly  more  soluble  in  organic  solvents  than  the  />-toluidide  of  the  same 
add.  It  comes  down  from  50%  alcohol  in  fine,  lustrous,  rhombohedral 
plates.    M.  p.  143. 5-145®  (corr.). 

Subst.:  0.2638  g.;  cc.  0.1  -^ HQ,  16.3.     Calc:  N,  8.75%.    Pound:  N,  8.65%. 

/HToluidide,  CJI,(CH,),N0,S0|HNCeH4CH,.— A  heavy  precipitate 
was  formed  immediately  on  the  addition  of  the  p-toluidine  to  the  solu- 
tion of  sulfonchloride.  The  toluidide  has  about  the  same  solubility  in 
organic  solvents  as  the  c7-toluidide  of  the  6-nitro  add.  Crystallized  from 
fifty  per  cent,  alcohol  it  forms  long,  flat,  lustrous  needles  which  melt 
sharply  at  158.5-159**  (corr.). 

Subst.:  0.261 1  g.,  0.2125  g.;  cc.  O.X  N  HCl,  16. i,  13. i. 

Calc:  N,  8.75%.    Pound:  N,  8.63%,  8.64%. 

Dextratrres  of  5-Nitro-Z|4-dimeth^b6nz6ne-a-6ulfonic  Add. 

o-Tolyl  Ester,  C«H,(CH«)2NOjS08C«H4CHs.— This  ester  is  much  less 
soluble  in  organic  solvents  than  the  ^-tolyl  ester  of  the  6-nitro  acid,  and  of 
about  the  same  solubiUty  as  the  o-tolyl  ester  of  the  3-nitro  add.  It  crys- 
tallizes from  alcohol  in  long  (4  cm.),  flat,  opaque,  soft  needles  which  have 
a  constant  melting  point  of  99-100**  (corr.). 

Subst.:  0.3676  g.;  cc  o.i  N  HCl,  11.3.     Calc:  N,  4.36%.    Found:  N,  4.31%- 

if^-Tolyl  Ester,  C«H2(CH8)aN02SOsCeH4CH8.— This  is  less  soluble  than 

the  o-tolyl  ester  of  the  same  acid  and  but  slightly  more  soluble   than 

the  />-tolyl  ester.     It  forms  clusters  of  fine,  flat,  lustrous,  brittle  needles: 

M.  p.  iio-iii**  (corr.). 

Subst.:  0.3179  g.;  cc.  o.i  N  HCl,  10.0.     Calc:  N,  4.36%.    Pound:  N,  4.40%. 

/^Tolyl  Ester,  C«H2(CH8)2NO,SO»C«H4CH«.— This  is  the  least  soluble  in 
organic  solvents  of  any  of  the  tolyl  esters.  It  crystallizes  from  alcohol 
in  long  (5  cm.),  lustrous,  needle-like  plates  which  melt  at  117.5-118.5° 
(corr.). 

Subst.:  0.3214  g.;  cc  O.I  N  HCl,  10.2.     Calc:  N,  4.36%.     Found:  N,  4.42%. 
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0-Toluidide,  C«H2(CH,)»N02SO,HNC«H4CH,.— TWs  compound  crysUt 

lizes  from  fifty  per  cent,  alcohol  .in  lustrous  plates  which  retain  a  sUgM 

yellow  color  after  repeated  recrystallization.     It  is  a  little  more  solublCi 

in  organic  solvents  than  the  p-toluidide  of  the  same  add.     M.  p.    140.5 

141**  (corr.). 

Subst.:  0.2855  g.,  0.2681  g.;  cc.  0.1  N  HCl,  17,  16.6. 
Calc:  N,  8.75%..    Found:  N,  8.34%,  8.67%. 

^Toluidide,  C6H2(CH8)2N02S02HNC6H4CH8.— It  is  the  least  soluble  i 

organic  solvents  of  the  toluidides  studied.     It  crystallizes  in  1 

elongated  plates  which  melt  at  143.5-144.5**  (corr.). 

Subst.:  0.2783  g.;  cc.  o.i  N  HCl,  17. i.     Calc:  N,  8.75%.     Found:  N,  8.61% 

Summary  and  Discussion. 

A  comparison  of  the  melting  points  of  tolyl  esters  of  the  nitrosulfoi 
adds  of  /^-xylene  reveals  some  peculiarities  which  are  worthy  of  n< 
in  the  light  of  existing  theories.    The  tolyl  esters  of  the  5-nitro  and 
nitro  acids  follow  the  rule  of  symmetry,  i.  e,,  the  melting  points  m 
from  ortho  to  meta  to  para.     The  melting  points  of  the  tolyl  esters  of 
3-nitro  add,  on  the  other  hand,  decrease  from  ortho  to  meta  to  para, 
is  especially  peculiar  in  the  light  of  a  theory  advanced  by  Smiles/  w 
assigns   the  lowering  of  fusion  point  to  intramolecular  collision, 
examination  of  the  structural  formula  of  the  c?-tolyl  ester  of  the  3-ni 
add  shows  that  the  substituting  groups  are  in  the  most  compact  arran] 
ment  possible,  while  the  melting  point  is  higher  than  that  of  any  of 
other  tolyl  esters  studied,  i,  ^.,  151  °.     No  record  of  esters  of  similar  s 
ture  could  be  found  in  the  literature. 

The  toluidides  are  more  regular  as  regards  their  melting  points 
^-toluidide  of  each  add  melts  at  a  higher  temperature  than  the  o-toluidi< 

For  any  given  acid  the  solubiUty  of  its  derivatives  in  organic  sol 
decreases  as  the  mdting  point  increases. 

As  a  rule  the  derivatives  of  the  5-nitro  acid  are  less  soluble  than 
derivatives  of  its  isomers. 

Bast  Lanbino,  Mich. 


[Contributions  vrou  ths  Chbmical  Laboratory  op  ths  TjNivBRamr  or 

Washington.] 

THE  ACTION  OF  DIPHENYLUREACHLORIDE  ON  ORGANIC 

BASES. 

By  Wiluabc  M.  Duhxc  AKt>  Bakl  M.  Platt. 
Received  June  28.  1915. 

*   Michler*  first  prepared   diphenylureachloride   by  treating   diphenyl- 

amine  with  phosgene  in  chloroform  solution.     Its  action  on  ammonia 

^  "Relation  between  Chemical  Constitution  and  Some  Physical  Properties,"  p.  lot 
*  Ber.,  8,  1665  (1875);  9»  396  (1876);  see  also  Girard  and  Wilm,  Bull.  soc.  ckk 
as,  251  (1901);  Erdmann  and  Herth,  /.  prakt.  Chem.,  [2]  56,  6  (1897);  melts  at  189 *. 
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WBS  found  by  him  to  3deld  a,a-diphenylurea  at  loo^,  but  diphenylamiiie, 
tnamomsL  and  carbon  dioxide  at  150^.  Its  action  on  hydrazine  hydrate 
was  studied  by  Toschi^  who  obtained  diphenylsemicarbazide  and  tetra- 
phenylhydrazodicarboxamide.  Its  action  on  diethylamine  yielded  diethyl- 
diphenylurea  f  on  aniline  in  diloroform  solution,  triphenylurea ;'  on  nitrani- 
Kne^  at  1 20  ^,  m>nitrotriphenyltireaand  /^-nitrotriphenylurea ;  on  ethylaniline, 
lyltriphenylurea;*  on  diphenylamine,  tetraphenykirea* — ^this  by  nitra- 
te yielded  hexa-  and  octanitrotetraphenylurea.  Other  studies  of  the 
ion  of  diphenylureachloride  on  organic  bases  have  not  been  made. 
The  following  studies  were  undertaken  not  only  to  extend  our  knowledge 
its  reactions  but  also  to  determine  whether  this  complex  halogen  deriv- 
ive  and  organic  bases  react  in  anhydrous  ether  solutions  like  previously' 
^stigated  halogen  compotmds. 

While  the  mechanism  of  reaction  was  foimd  to  be  the  same  as  vnOpL 

ttyl  chloride,*  benzoyl  chloride  ^^  and  other  halides,  four  points  of  ex- 

>tional  interest  were  developed.     First,  the  reactions  were  fotmd  to 

sluggish  except  with  piperidine,  />-toluidine,  and  some  of  the  lower 

amines.     Second,  few  additive  compounds  were  obtained.     Third, 

ler  examples  of  the  noninterchangeability"  of  parts  of  the  pentavalent 

rogen  compounds  were  observed.     Fourth,  a  remarkable  example  df 

•ic  hindrance"  was  observed  with  the  toluidines. 

That  diphenylureachloride  is  less  reactive  than  alkyl  or  acyl  halides 

rd  bases,  is  to  be  expected.     However,  that  it  is  immediately  reactivfe 

piperidine  and  some  of  the  lower  fatty  amines,  but  absolutely  nod- 

dve,   except  at  elevated  temperatures,   with   other  bases   such   as 

luidine,  etc.,  is  irreconcilable  with  the  usual  conceptions  of  the  ionic 

."    Moreover — since  the  reactions,  here  as  before,  were  promoted 

^Gan.  chim,  Uai.t  44»  I,  443  (1914)-    Melts  at  154^  and  215  ^  respectively. 
'  Micfaler,  Ber.,  9,  711  (1875).    Melts  at  54^ 

iMidiler,  Ber.,  9,  398,  715  (1875);  Oebhardt,  Ber.,  17,  2093  (1884);  Steindorff, 
^  17t  963  (1894);  Reudler,  Rec.  trm.  chim.,  33*  35  (1914)*    Melts  at  136^ 
*  MlmatiTi  and  Bonhdffer,  Ber.,  ao»  2 121  (1887).    These  melt  at  135'  and  176 r» 

ively. 
'Michler,  Ber.,  9,  712  (1875);  Kaufmann,  Ber^,  14,  2185  (x88i).    Melts  at  80 ^ 
'Midxler,  Ber,,  9,  710  (1875);  za,  1166  (1879);  Strohmann,  /.  prakt,  Ckem.,  \i] 
264  (1897}-    Melts  at  183  ^ 
'Readier,  Rec.  trav.  chim.,  33,  35  (1914). 

' This  JouKNAL,  33»  1588,  1598  (1911);  34*  286,  290,  1399.  1409  (1912);  3^,  2091 
1914). 
"iWd.,  34,  1409  (1912). 
"/Wrf.,  36,  2091  (1914)- 
"  IWrf.,  36,  2095  (1914)- 

"Evidences  of  certain  nonionic  organic  reactions,  as  well  as  a  more  rational  ex- 
of  such  reactions  were  previously  given.    Am.  Ckem.  J.,  4O1  91-^7(1908); 
Journal,  31,  1220-22  (1909);  339  1589-92  (i9ii);349  287,  291,  1400-2,  1410-11 
>»);  36,  2093-96  (1914)- 
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by  sunlight  or  by  heat,  and  gave  rise  to  additive  products  or  dissociated 
dolecules  of  such  additive  products — ^little  dependence  can  be  placed  in 
the  ionic  theory  to  account  for  the  mechanism  of  this  t3rpe  of  reactioB. 
However,  the  best  evidence  obtained  to  cast  doubt  on  an  ionic  expiaia- 
tion  of  these  reactions  was  fotmd  in  the  noninterchangeability^  of  paxts 
of  the  additive,  pentavalent-nitrogen  compound.  This  phenomenon  is{ 
illustrated  by  equations: 

(i)     PhaNCO.Cl  +  H-NCfiHio  —^  Ph2NCO.NC5H10.HCl 

(2)     PhiNCO.NCjHio  +  HCl  — ^  no  reaction. 

That  is,  diphenylureachloride  easily  adds  one  molecule  of  piperidine  to 
diphenylpiperidylurea  hydrochloride ,  but  this  additive  compound  could 
be  formed  by  the  addition  of  kydrogenchloride  to  diphenylpiperidylurea. 

An  ionic  explanation  of  the  first  reaction  may  be  indicated  in  the  eqi 
tion: 

(3)  PhjNCO  +  CI  +  H  +  NCbHio  — >  PhsNCCNCftHio-HCl 

but,  in  the  second  reaction,  similar  ionic  dissociation  would  be  n< 

at  least  an  ionic  dissociation  of  hydrogen  chloride^  must  be  assumed: 

(4)     HCl  — ►  H  +  CI 

Now  since  this  last  reaction  in  aqueous  solutions  is  real  and  known» 
action  (2)  may  be  expected  to  yield  the  same  product  as  in  reaction  (i] 
but,  as  a  matter  of  fact,  such  product  is  not  obtained,  hence  it  may 
concluded:  (a)  an  ionic  dissociation  of  hydrogen  chloride  does  not 
place  in  anhydrous  ether  solution  and  (6)  an  ionic  explanation  of 
anomalous  phenomena  of  Equations .  i   and  2  is  untenable.     A 
satisfactory  explanation  is  expressed  in  the  equation: 

(5)    PhiNCO.Cl  =  N.CiHio  — ►  PhiNCO.N.CiHio. 

H  H    a 

As  enunciated  before,  the  possibility  of  reaction  in  such  cases  is 
ditioned  both  by  a  tendency  to  coalesce  and  by  a  tendency  to  mu 
molecular  rearrangement. 

In  the  first  place,  the  tendency  to  coalesce  by  means  of  residual 
partial  valencies'  involves  different  affinity  constants  of  the 

^  This  same  noointercfaangeability  was  previously  observed  with  benzoyl 
compounds.    Tms  Journal,  36,  2095  (1914). 

*  For  a  discussion  and  the  literature  of  noniomc  dissociation  of  hydrogen 
tee  Mellor's  "Statics  and  D3mamics/'  p.  290.    Since  neither  the  solvent  nor 
promotes  reaction  (2)  above,  Baly's  contention  that  these  alone  are  the  "openeis 
chemical  reactivity"  cannot  hold,  see  Tbss  Jox7RNai«,  371 986  (1915). 

*  This  assumption  of  preliminary  molecular  coalescence  gathers  support 
consideration  of  the  fact  that  only  such  unsaturated  compounds  react.    See  Nef, 
398, 202  (1898).     It  may  be  observed  that  application  of  the  methylene  theory  of 
sodation  is  entirely  inapplicable  to  these  reactions. 
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oompotinds,  hence,  as  actually  found,  different  speeds  of  reaction  or  com- 
|riete  inhibition  of  reaction  are  met  with.  Such  varied  systems  of  molec- 
ular aggregation  may  tend  to  undergo  simple  reversible  reaction  or  a  non- 
feverstble  molecular  rearrangement.  Thus,  while  the  following  may  be 
formed: 

PlisNCO.N.CJIi« 

II 
CLH 

it  is  conceivable  that  the  hydrogen  atom  is  held  by  the  chlorine  atom  so 
tenaceously^  that  molecular  rearrangement  is  impossible. 
Since  energy  is  required  to  promote  molecular  rearrangements,  it  may 
assumed  that,  owing  to  varied  afBnity  constants,  in  different  cases, 
ore  or  less  resistance  or  inertia  will  be  met  with  before  yielding  the  non- 
ersible,  pentavalent-nitrogen,  molecular  compound.  Now,  as  a  matter 
fact,  such  resistence  or  inertia  is  met  with,  for  light  or  heat  energy  is 
uired  to  start  and  advance  certain  reactions.  For  instance,  some  of  the 
tions  take  place  at  room  temperature  witiiout  applying  direct  sun- 
t;  some  are  resistent  to  direct  sunlight  but  may  be  promoted  by 
iBoderate  heat;  finally,  others  are  promoted  only  by  extreme  heat.  What- 
ever may  be  the  cause  of  these  varied  resistences  in  different  cases,  it 
pust  be  observed  that  the  ionic  theory  is  helpless  to  account  for  the 
fvogress  of  the  reaction. 

A  Case  of  *'Steric  Hindrance." 

The  toluidines  showed  different  speeds  of  reaction  with  diphenylurea- 

ide.    When  equimolecular  quantities  in  equal  ether  volumes  were 

the  /'-toluidine  gave  a  rapid  precipitation  of  wart-like  masses 

needles.    The  m-toluidine  yielded  a  small  quantity  of  ball-like  masses 

ich  was  slowly  added  to  during  4  months'  standing  in  sunlight.    The 

toluidine  yielded,  after  5  months'  standing  in  sunlight,  mere  traces  of 

icroscopical  prismatic  needles. 

When  heated  on  the  water  bath  or  in  sealed  tubes,  ether  solutions  of 
dtphenylureachloride  and  each  of  the  toluidines  3rielded  in  a  few  hours 
the  respective  tolyldiphenylurea.  The  formation  of  such  tolyldiphenyl- 
hea  was  easily  observed  to  be  most  rapid  with  ^-toluidine  and  least  rapid 
^th  the  o-toluidine.  In  other  words,  /^-toluidine  yields  the  tolyldi- 
^enylnrea  by  application  of  Ught  or  of  heat.  The  m-toluidine  yields 
tolyldiphenylm-ea,  slowly  by  application  of  light,  but  rapidly  by 
application  of  heat.  The  (?-toluidine  yields  the  tolyldiphenylurea  only  by 
application  of  heat. 

What  is  the  cause  of  these  resistences  to  the  advance  of  the  reactions, 
particularly  in  the  case  of  a-toluidine?    Of  course,  in  the  case  of  (>-toluidine 

^  It  must  be  remembered  that  hydrogen  chloride  is  not  decomposed  below  1000* 
Wheat  akne. 
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Victor  Meyer's  steric  hindrance  or  retardation  hjrpothesis^  suggests  it- 
self; however,  since  the  validity  of  this  hypothesis  has  been  questioned' 
and  disproven  by  Baly  and  Stewart,*  Rosanoff  and  Prager,*  and  others, 
some  other  hypothesis  must  be  sought,  to  explain  the  effects  of  heat  and 
light  on  these  reacting  mixtures.  Baly  and  Stewart^  advance  a  hypothesis 
of  * 'nascent  carbonyl  group,"  to  accpimt  for  differences  of  speed  of  reactiaa 
observed  with  various  ketones.  However,  such  a  hypothesis  is  ini^ 
plicable  to  these  reactions  of  diphenylureachloride  since  no  "pseudo* 
nascent"  hydrogen  atom  exists^  in  the  reacting  substances,  since  tbe 
carbonyl  group  probably  is  unimportant  in  these  reactions'  and  since  no 
such  tautomerism  is  involved. 

However,  if  we  assume  in  cases  of  p-  and  o-toluidines  the  followini 
initial  additions: 

CHi.<>.NHi  <>.NHi 

Cl.CONPhj  •    „  '     a.CONPhi 

it  is  conceivable  that  the  two  complexes,  while  not  necessarily  possessiag 
different  steric  hindrances,  may  possess  different  tendencies  to  rearrange. 
The  centers  of  gravity  of  the  two  toluidine  molecules  being  different^' 
located  may  possibly  influence  the  nitrogen  af&nities  so  that  the  nitrogia 
atom  of  {?-toluidine  does  not  exert  suf&dent  attraction  on  the  CONFhi 
group  to  bring  about  a  molecular  rearrangement. 

This  interesting  phenomenon  will  be  studied  anew,  especially  by  waf . 
of  comparison  of  the  effects  of  the  toluidines  on  the  f (blowing  types  A 
halogen  derivatives: 

H.X  Bz.X  AcX  R.X  Ph^CCX,  etc. 

Method  of  Study. 

The  anhydrous  ether  solutions  of  diphenylureachloride  were  treated 
with  the  respective  anhydrous  bases  in  equimolecular  quantities.  Bottki 
containing  these  mixtures  were  tightly  corked  and  set  aside  for  observa- 
tion. Provided  water  was  rigorously  excluded  and  sufficient  ether  to 
dissolve  the  materials  was  used,  the  formation  of  a  precipitate  indicated 
either  the  additive  compound,  the  hydrochloride  of  the  original  basc^ 
or  a  mixture  of  the  two.  Such  precipitates  always  indicated  a  reaction, 
hence  speeds  of  reaction  could  roughly  be  estimated  by  mere  observa- 
tion of  the  quantities  of  the  precipitate.     In  some  cases  the  ether  solu- 

^Ber.,  27,  510,  1580,  3146  (1894);  28»  "54  (1895);  a9»  836  (1896);  KcDas,  ^. 
physik.  Chem.,  24,  221  (1897};  Eckstand,  /.  prakt.  Chem.,  38,  267  (1888). 

*  J,  Chem.  Soc.,  89,  489,  502,  514,  618  (1906). 
»  This  Journal,  30,  1895,  1908  (1908). 

*  J.  Chem,  Sac.,  89,  491  (1906). 

*  Compare  the  action  of  alkyl  halides  on  toluidines. 
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tions  were  heated  in  sealed  tubes  or  under  return  condensers  to  promote 


The  precipitates  were  filtered  off,  washed  with  anhydrous  ether  and 
dried  in  desiccators.  They  were  then  either  analyzed  for  chlorine  to 
detennine  the  general  composition  of  the  mixture,  or  were  treated  with 
water  to  hydrolyse  and  to  dissolve  the  hydrochlorides.  The  aqueous 
solutions  were  extracted  with  ether,  dried  with  calcium  chloride,  and 
concentrated.  In  this  manner,  the  PhsNCO-substituted  products  of  the 
bases  were  obtained  pure. 

The  original  ether  solutions  were  shaken  with  dilute  hydrochloric  add 
to  remove  unchanged  bases;  the  ether  extracts  were  dried  with  calcium 
chloride  and  concentrated.  In  this  manner,  mixtures  of  unchanged 
diphenylureachloride  and  the  PhsNCO-substituted  derivatives  of  the 
bases  were  obtained.  When  the  former  was  nearly  quantitatively  trans- 
formed by  the  original  reaction,  or  when  the  latter  was  difficultly  soluble 
in  ether,  separations  were  easy.  In  cases  of  lower  aliphatic  bases,  how- 
ever, oily  residues  were  obtained;  these  could  not  be  made  to  yield  pure 
PhiNCO-substituted  products. 

Primary  Amines. 

p-Toluidine. — ^Diphenylureachloride  in  anhydrous  ether  was  treated 
with  a  slight  excess  of  /^toluidine  and  heated  in  a  sealed  tube  at  70^ 
for  four  hours.  A  mass  of  oystals  formed.  The  mixture  was  treated 
with  dilute  hydrochloric  add  so  as  to  separate  the  unchanged  toluidine; 
mote  ether  was  added  and  the  mixture  was  thoroughly  shaken.  The 
tther  soluticm  was  separated,  dried  with  caldum  chloride  and  conoen- 
ttatedy  when  transparent  prismatic  needles  melting  at  130^  were  ob- 
tained. 

Calc  for  CH,CJI«NH.CON(Caii)i:  N,  927%.    Found.  N,  9.47%. 
f-Tolyldiphenylurea  is  very  soluble  ia  chloroform  and  ether,  less  soluble 
in  alcohol  and  benzene  and  insoluble  in  water. 

When  I  g.  of  diphenylureachloride  and  0.4  g.  of  p-t6bndiai&  were  brought 
together  in  anhydrous  ether  solutions,  such  solutions  remained  dear  at 
fint,  then  clouded,  and  during  four  months  in  direct  stmlight,  predpitated 
0.2  g.  of  wart-like  masses  of  needles.  These  were  separated  and  were 
found  to  melt  above  200^,  to  dissolve  rapidly  in  water  with  a  spinning 
motion.* 

Calc  for  CHK^ANHs.(CeH»)iNCOCl:  Ci,  10.47%- 
Calc.  for  CHiC«H4NHj.HCl:  CI,  24.70%.  Found:  17.45. 

Evidently  about  50%  of  the  crystalline  mixture  was  p-tolyldiphenylurea 
hydrachlaride. 

m-Toluidine. — ^The  equimolecular  mixture  was  heated  at  115®  for  four 
hours.  Crystals  mdting  at  130-180^  were  obtained.  After  treating 
^  Tms  Journal,  34, 1400  (1912);  36,  3093  (1914). 
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with  dilute  hydrochloric  add  and  extracting  with  ether,  as  with  /^-toliiidxiie, 
transparent    prismatic    needles,    melting    at    125-126^    were    obtained 

Calc.  for  CH|C6H4NHCON(C«Hi}s:  N,  9-27%*    Pound:  N,  9.16  and  9*Si%- 
m-Tolyldiphenylurea  crystallizes  from   alcohol  in  transparent  rhombic 
plates. 

When  I  g.  of  diphenylureachloride  and  0.4  g.  of  m-toluidine  wert 
brought  together  in  ether  solution,  0.2  g.  of  precipitate  was  formed  after 
standing  in  four  months'  sunlight.  The  precipitate  consisted  of  brown- 
red  balls  and  gave  the  spinning  motion  on  water. 

o-Toluidine. — ^After  heating  the  reacting  mixture  in  a  sealed  tube  at 
115^  for  four  hours,  a  crystalline  mass,  melting  at  121-126**,  was  ob- 
tained.   After  purifying,  rectangular  plates  and  tufts  of  needles  rndtingl 
at  119®  were  obtained.    Since  they  contained  9.35%  of  nitrogen,  pure] 
o^iolyldiphenylurea  was  obtained. 

An  ether  solution  of  the  reacting  substances,  exposed  to  four  montbTI 
sunlight,  yielded  only  i  mg.  of  brown  ball-like  masses. 

Phenylhydrazine. — ^Equimolecular  quantities  of  diphenylureachloride 
and  phenylhydrazine  in  anhydrous  ether  solution  were  heated  under  a 
return  condenser  for  two  hours.  A  crystalline  mass,  increasing  on  stand- 
ing, was  formed.  These  crystals,  incompletely  soluble  in  water  and 
containing  merely  traces  of  chlorine,  after  treatment  with  water  and 
recrystallization  from  absolute  alcohol,  gave  rhombic  plates  wiiich  mdted 
at  I49-I50^ 

Cak.  for  CtH|KHNHCON(C«Hi)t:  N,  13.86%.    Found:  N,  13.92%. 

That  this  is  i,4,4'iriphenylsefni€arbazide  is  concluded  from  a  comparisooj 
of  melting  points.  Rape  and  Labhardt^  prepared  2,4,4-triphenylsemicar*, 
bazide, melting  at  128^.  H.  Richter*  prepared  1,1,4-triphenylsemicarfoazide^l 
needles  melting  at  193  ^  Therefore  the  indicated  structure  is  the  most] 
probable. 

When  I  g.  of  diphenyltu^eachloride  and  0.47  g.  of  phenylhydrazine 
permitted  to  stand  in  anhydrous  ether  in  stmlight  for  two  months,  0.45 
g.  of  a  crystalline  mass,  melting'  at  227^  and  containing  7.15%  of  chloriDeb 
was  obtained. 

Calc.  for  CeH,N,H,.HCl:Cl,  2453%. 

Calc.  for  (C6HsN,Hi)aia:a,  14.03%. 

Calc.  for  C.H*NJIi.(C6H*),NCOCl:Cl,  10.14%. 

That  the  mixttu-e  contained  1,4,4-triphenylsemicarbazide  or  its  hydro* 
chloride  is  evident. 

*  Ber.,  33,  247  (1900). 

'  Dissertation. 

'  Phenylhydrazine  forms  two  hydrochlorides:  C«H|NtHt.HQ,  meltiag  at  240* 
(Broche,  /.  prakL  Chem.,  [2]  50,  114  (1894))  or  at  243-246^  (Autenrieth,  Ber,,  n^ 
1656  (1896));  (C(HfNtHs)sHCl,  melting  at  225^  (Allain  le  Canu,  Compt.  reni,,  UQ^ 
105  (1899));  (Schmitz  and  Dumont,  Chem.  Ztg.,  2X,  511). 
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^Tdylhydrazine. — Only  a  little  precipitate  was  formed  in  two  months. 

Diphenylhydrazine  (asymO* — Similar  results. 

Benzylphenylhydrazine  (asym.). — ^After  heating  for  20  hours  under 
return  condenser,  a  considerable  quantity  of  transparent  crystals  was 
obtained. 

a-Haphthylamine. — ^A  heavy  precipitate  containing  a  dye  was  obtained 
in  direct  sunlight. 

Benzidine. — Sheaves  of  needles. 

^AminophenoL — Heating  for  4  hours  at  200^  yielded  a  blue-black 
dye. 

o-Chloroaniline. — In  stmlight  for  two  months,  a  little  gray  precipitate 
[Vas  obtained;  heated  for  4  hours  at  200^,  a  dark-brown  soUd  was  ob- 
tained. 

/>-Bromoaniline« — ^Two  months'  direct  sunlight  gave  a  quantity  of  wedge- 
diaped  crystals. 

p-Anifiidine. — Heating  for  4  hours  at  200^  yielded  a  deep-red,  gummy 
fill. 
I    bobistylamine. — Sheaves  of  needles;  a  refractory  oil. 

Hezylamine. — Crystals  softening  at  183^  and  melting  at  230^;  original 
ether  solution  3rielded  a  refractory  oil. 

Heptylamlne. — ^A  refractory  oU. 

Secondary  Amines. 

Piperidine. — ^A  voluminous  precipitate  was  formed  at  once.  The 
crystals  melted  at  213^  and  were  soluble  in  water. 

CbIc  for  (CcHi)iNCOaj(^CiHu:  d,  ix.19%. 

Caic.  for  NCiHii.HCl:  CI,  29.17%.    Pound:  CI,  15.70. 

Therefore  the  crystals  contained  75%  of  diphenylpiperidylureahydro^ 
'ddoride.  Its  presence  was  further  indicated  by  spinning  motions  pro- 
4hiced  when  the  crystals  were  floated  on  water.  After  treating  with 
trater,  etc.,  hexagonal  and  rhomboidal  plates  melting  at  122^  were  ob- 
tained. 

Calc.  for  (CJIi)iNCO.NCiHio:  C,  77.09%;  H,  719%.    Pound:  C,  77.17%;  H, 
731%. 

Evidently  triphenylpiperidylurea  (triphenylcyclopentamethyleneurea)  was 
formed.  A  toluene  solution  of  this  compotmd  treated  with  a  toluene 
solution  of  hydrogen  chloride  failed  to  yield  any  precipitate  (of  the  hydro- 
chloride) even  though  standing  for  five  months  in  sunlight. 

Diisobutylamine. — ^Rhombic  plates  melting  at  240°;  ether  solution 
yielded  hydroscopic  needles  melting  at  60°. 

Diisoamylamine. — Crystals  melting  at  147-230*^;  refractory  oil. 

IMphenyUunine. — ^Amorphous  precipitate. 

Phtfaalimide. — ^Heating  for  two  hours  at  220^  in  xylene  solution  gave  no 
evidence  of  a  reaction. 
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Tertiary  Bases. 
Quinoline. — A  quantity  of  amorphous  precipitate. 
Pyridine — ^A  red-black  precipitate. 
Piceline. — ^A  chocolate-colored  precipitate. 
Triethylamine. — ^Transparent  prismatic  needles. 

itj^amine. — Cubes  and  spindle-shaped  crystals, 
rlamine. — ^Minute  needles. 
Diethylaniline. — ^A  small  amount  of  dirty  brown  precipitate. 
Tribenzylamine. — Cubic  masses  and  boat-shaped  prisms. 
Some  of  these  compounds  will  be  further  investigated. 

Summary. 

1.  Diphenylureachloride  reacts  sluggishly  with  most  bases;  such  re-j 
actions  are  promoted  by. sunlight  or  by  heat. 

2.  Additive  products  are  first  formed;  these  yield  by  action  of  heat, 
water,  etc.,  the  PhjNCO-substituted  products  of  the  base. 

3.  Evidences  for  the  nonionic  nature  of  these  reactions  are  given. 

Seattls.  Wasbinoton. 
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THE   COMPARATIVE    BEHAVIOR    OF    THIOUREA  ASD  URSA 

TOWARDS  ACETIC  ANHYDRIDE. 

By  Edward  P.  Kohmann. 
Received  July  5,  1915. 

Dining  the  course  of  work  in  this  laboratory,  Professor  Treat  B.  John- 
son asked  the  author  to  determine  whether  there  would  be  any  fonnatioiL 
of  hydantoin  if  thiourea  were  used  instead  of  ammonium  thiocyanate 
in  the  reaction  described  by  Johnson  and  Nicolet*  for  the  preparation  rf 
2-thio-3-benzoyl  hydantoin.*  Exactly  the  same  conditions  were  em- 
ployed, as  well  as  the  same  reagents  in  the  same  proportions,  as  described 
for  the  preparation  of  the  hydantoin,  with  the  exception  that  the  anmioa- 
ium  thiocyanate  was  replaced  by  an  equivalent  quantity  of  thiourea. 
Although  no  trace  of  a  thiohydantoin  was  detected,  a  small  amount  of 
a  substance  was  obtained  which  could  be  crystallized  from  water  or  alcohol 
in  the  form  of  colorless  slender  prisms.  As  this  substance  had  a  melting 
point  of  165®  it  was  concluded  that  it  must  be  acetyl  thiourea.  In  order- 
to  definitely  establish  this  point  it  was  decided  to  prepare  acetyl  thiourea 
for  comparison  and  the  method  of  Nenki'  with  slight  modifications,  was 
adopted. 

Nenki  assigned  to  this  derivative  a  melting  point  of  11.5®  which  he 

*  This  Journal,  33,  1973  (191 1);  Am.  Chem.  J.,  49,  202  (1913). 

*  A  discussion  of  this  reaction  and  its  application  with  anhydrides  other  than  aoetk- 
win  follow  in  a  future  paper  by  Bernard  H.  Bailey. 

«  Ber.,  6,  599  (1873)- 
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later^  corrected  to  165  ^.  He  stated  that  when  thiourea  was  gently  warmed 
with  acetic  anhydride  it  readily  went  into  solution.  On  cooling,  the  solu- 
tion solidified  to  a  yellow  crystalline  mass  which,  after  repeated  crystalliza- 
tions from  water,  finally  3delded  colorless  prisms  of  acetyl  thiourea. 

Werner*  found  that  when  symmetrical  diaryl  thioureas  were  heated 
with  acetic  anhydride  they  yielded  acetanilides  and  the  corresponding 
mustard  oils,  whereas  symmetrical  dialkyl  thioureas  yielded  the  correspond- 
ing monoacetyl  derivatives.  Hagershoff'  later  made  the  observation 
that  if  the  reaction  mixture  was  heated  to  only  80°  the  expected  mono- 
acetyl derivative  was  obtained  in  all  cases.  Prom  the  monosubstituted 
thioureas,  Hagershoff  obtained  in  each  case  a  labile  and  a  stable  mono- 
acetyl modification.  When  the  former  was  heated  ^ghtly  above  its 
sielting  point  it  soon  solidified  and  rearranged  into  the  latter  modification. 
Wheeler*  has  shown  that  a  molecular  rearrangement  of  the  following  type 
takes  place  in  this  change : 

NH,  NH.CO.CH,      . 


CS  — ►          CS 

I   /CO.CH,  I 

N<^  NH.R 
^R 

It  is  interesting  to  note  that  in  no  case  has  a  diacetyl  derivative  been 
obtained.  Diacetyl  urea  has  been  prepared  by  several  methods  but  not 
by  the  direct  interaction  of  urea  with  acetic  anhydride,  whereas  diacetyl 
iourea  is  not  known.  S3mimetrical  dibenzoyl  tu'ea  is  also  well  known, 
tereas  dibenzoyl  thiourea  has  not  been  synthesized.  It  has  now  been 
d  that  thiourea  forms  a  diacetyl  derivative  when  heated  with  acetic 
lydride  although  urea,  under  the  same  conditions,  forms  only  the 
lonoacetyl  derivative.  Curiously  enough,  diacetyl  thioiu"ea  has  a  bright 
fcmon-yellow  color  whereas  monoacetyl  thiourea  is  colorless. 

In  an  attempt  to  prepare  acetyl  thiourea,  pure  reagents  were  used. 
Nevertheless,  as  was  observed  by  Nenki,  a  yellow  product  resulted. 
This  color  was  not  changed  by  one  crystallization  from  either  water, 
alcohol  or  glacial  acetic  acid.  As  it  seemed  unreasonable  that  this  color 
ahould  be  due  to  an3rthing  but  the  presence  of  a  definite  compound  and 
as  the  product  had  a  melting  point  of  150-155  °  instead  of  165  °,  an  analysis 
iras  made  and  the  nitrogen  content  found  to  be  19.5%.  This  was  evi- 
nce that  the  product  was  a  mixture  of  mono-  and  diacetyl  thioureas. 
As  will  be  seen  in  the  experimental  part  of  this  paper  such  a  conclusion 
was  correct  and  by  crystallizing  from  acetic  anhydride  diacetyl  thiourea 

*  Ber„  6,  905  (1873). 

'  7.  Chem.  Soc,,  59,  396  (189 1). 
» B«r.,  32,  3649  (1899). 

*  Am.  Chem.  J.,  37,  270  (1902). 
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could  be  obtained.    Under  these  conditions  urea  yielded  only  a  moao* 
acetyl  derivative. 

Diacetyl  thioturea  may  be  represented  by  any  one  of  the  icXiomf 
structural  formulae,  or  even  by  the  corresponding  pseudo  forms  of  (I)  and 
(II): 

NH.CO.CH,  NH,  NH.CO.CH» 


CS  CS  C.S.CO.CH, 


NH.CO.CH,  N(CO.CH,),  NH 

(I).  (II).  ail). 

From  analogy,  accordingto Wheeler,  (II),andaccording  to  Dixon  and  Haw- 
thorn,^ (III)  shotlld  undergo  molecular  rearrangement,  on  being  heated 
to  their  melting  points,  to  yield  (I).  Diacetyl  thiourea,  however,  when 
heated  to  the  melting  point,  is  apparently  unchanged.  If  heated  for 
some  time  at  a  somewhat  higher  temperature  it  assumes  a  darker  color 
and  undergoes  a  Slow  decomposition  with  the  evolution  of  gas  bubbles. 
On  cooling,  the  viscous  liquid  is  rather  slow  to  solidify.  Richter*  states 
that  monoacetyl  thiourea  may  be  obtained  from  thiourea  and  acetic 
anhydride  or  from  cyanamide  and  thioacetic  add.  The  latter  S3rathesis 
he  states,  argues  in  favor  of  a  pseudo  structure.  But  it  is  conceivaUe 
that  a  molecular  rearrangement  might  easily  take  place  under  the  coodi' 
tions  of  this  reaction  and  the  normal  derivative  result.  Hence  Ponnnk 
I  seems  the  most  reasonable  to  assign  to  diacetyl  thiourea. 

Expenmental  Part. 
Preliminary  Experiment. — One  and  eight-tenths  grams  of  thiourea 
were  dissolved  in  5  cc.  of  acetic  anhydride  by  heating  to  boiling.  The 
solution  was  yellow  and  the  reaction  was  probably  complete  within  a 
short  time,  but  the  heating  was  continued  for  one  horn:  at  100^  in  a  water 
bath.  On  cooling,  yellow  prisms  separated.  These  oystaUized  from 
water,  alcohol,  or  glacial  acetic  acid  and  melted  at  about  150-155°.  The 
portion  crystallized  from  glacial  acetic  add  was  dried  at  100°  for  analysis. 
Calc.  for  CjHeONjS:  N,  23.7;  for  C.HeOiN«S:  N,  17.5.    Found:  19.5. 

Monoacetyl  Thiourea. — One-half  gram  of  the  above  product  was  dis- 
solved in  10  cc.  of  boiling  water  and  the  solution  heated  for  one  hour 
at  100°  in  a  water  bath.  On  cooling,  colorless  prisms  separated  whidi 
melted  at  165®  to  a  dear  colorless  liquid. 

Calc  for  CiHeONaS:  N,  23.7.    Found:  23.5. 

Diacetyl  Thiourea. — One-half  gram  of  the  yellow  product  described 
above  was  dissolved  in  about  5  cc.  of  hot  acetic  anhydride  and  heated 
at  100°  in  a  water  bath  for  one  hom*.     On  cooling,  dusters  of  transparent 

*  J.  Chem.  Soc.,  91,  122  (1907). 

*  Organische  Ckemie,  i,  501  (1909). 
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pak  yellow  blade-like  prisms  separated  which  melted  at  151-152^  to  a 

transparent  yellow  oil.    These  were  dried  in  a  current  of  air  until  free 

from  the  odor  of  acetic  anhydride.    They  could  then  be  heated  to  iio^ 

without  any  loss  of  weight  but  meanwhile  assumed  a  bright  lemon  yeUow 

color.    Nitrogen  determination: 

Calc.  for  CiHaOiNiS:  N,  17.5.  Pound:  17.4.    The  analysis  of  a  later  preparation 
gave  17.6%  and  17.5%. 

If  diacetyl  thiourea  is  crystallized  from  a  concentrated  solution  in  acetic 
anhydride  it  separates  in  the  form  of  a  bright  lemon-yellow  product. 
If  sJlowed  to  crystallize  slowly  from  a  dilute  solution  larger  crystals^  are 
obtained  which  are  pale  yellow  and  transparent.  On  heating  to  100^ 
they  assume  a  bright  lemon-yellow  color,  losing  nothing  in  weight  and  re- 
taining their  original  form. 

Monoacetjd  Urea. — One  gram  of  urea  was  dissolved  in  lo  cc.  of  acetic 
anhydride  by  boiling  and  the  heating  continued  for  one  hour  at  100^. 
On  cooling,  clusters  of  colorless  prisms  separated,  melting  at  212^.  These 
irere  dried  at  1 10°  with  no  loss  in  weight. 

Calc.  for  CtHiOtNi:  N,  27.4.    Pound:  27.3. 


[Contributions  ntOM  the  Shbfpisld  Chemical  Laboratory  of  Yalb  University.  ] 

RBSEARCHES  ON  HTDANTOINS.     XXXXH.     THE  CONDENSA- 
TION OF  CINNAMIC  ALDEHTDE  WITH  HTDANTOINS.' 

Bt  TbSAT  B.   JOHMtOM  AMD  RiCBAKD  WsmiHAIA. 

RceeiTed  June  28,  1915. 

Erlenmeyer's  method  of  S3aithesizing  a-amino  acids,  the  first  step  of 
which  involves  the  condensation  of  hippmic  add  with  an  aldehyde  giving 
an  azlactone  (I),  has  found  a  wide  application  for  the  preparation  of  amino 

RCH  -  c  —  N  -  CCOIi 


CO 


(I). 

acids  containing  aromatic  groups.  The  majority  of  the  aromatic  alde- 
hydes which  have  been  studied,  have  been  shown  to  condense  smoothly 
with  hippuric  add  giving  good  3delds  of  the  corresponding  azlactones. 
Attempts  to  S3mthesize  aliphatic  a-amino  adds  by  appUcation  of  Erlen- 
meyer's method  with  aliphatic  aldehydes  have  been  attended  with  very 
little  success.  Erlenmeyer  and  Kunlin^  were  the  first  to  apply  the  method 
with  on  aliphatic  aldehyde  with  the  object  of  developing  a  new  S3aithesis 
of  leucine  (V).    They  condensed  isobutylaldehyde  with  hippuric  acid 

^  Part  of  a  dissertatioii  presented  by  Mr.  Richard  Wrenahall  to  the  Faculty  of  the 
Graduate  School  of  Yale  University,  19 15,  in  candidacy  for  the  t)egree  of  Doctor  of 
Philoaophy. 

'  Ann.,  3x6,  145  (1901). 
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in  the  usual  maimer  but  obtained  a  very  poor  yield  of  the  corresponding 
azlactone  represented  by  Formula  II.  Like  the  azlactones  derived  iram 
aromatic  aldehydes,  this  was  converted  into  the  corresponding  acrylic 
acid  (III)  by  hydrolysis  with  aqueous  sodium  hydroxide.  This  trans- 
formation was  nearly  quantitative.  In  order  to  convert  the  acryUc  acid 
(III)  into  leucine  these  investigators  apparently  made  no  attempts  to 
reduce  it  to  the  corresponding  sattu'ated  acid  and  then  remove  the  benzoji 
group  by  hydrolysis  according  to'  the  general  practice.  On  the  other 
hand,  they  heated  the  unsaturated  acid  imder  pressure  with  aquecNis 
ammonia  when  it  was  transformed  into  the  peptide  combinaticxi  rep> 
resented  by  Formula  IV.  The  latter  then  underwent  hydrolysis,  givint 
a  mixture  of  leucine  (V)  and  isovalerianic  acid  (VI).  No  statement  is 
made  in  their  paper  regarding  the  yield  of  leucine.  The  important  steps 
<rf  this  synthesis  may  be  represented  as  follows: 

(CH,),CH.CH:C  — N  =  C.CeH,  — ►   (CH,),CHCH:C(NHCOC«H*)CXX)H 

(III). 


CO o 

(11). 

(CH,),CH.CH,.CO.COOH  — ^   (CH,),CH.CH,.CH.NHCOCH«CH(CHj), 


COOH 

(IV). 

(CH,)2CHCH,CH(NH,)COOH  +  (CHOjCH.CHiCOOH. 

(V).  (VI). 

The  only  other  aliphatic  aldehyde  to  be  investigated,  so  far  as  the 
writers  are  aware,  is  cinnamic  aldehyde  which,  as  Erlenmeyer  and  Mat 
have  shown,  condenses  normally  with  hippuric  acid  forming  the 
sponding  unsaturated  azlactone  represented  by  Formula  VII.  Ti 
latter  on  careful  hydrolysis  with  dilute  alkaU  was  transformed  into  thft 
tmsaturated  add  (VIII).  In  this  case  also,  no  attempt  was  made  to  it- 
duce  this  tmsattu'ated  compound  to  the  saturated  acylamino  acid  (IX). 
In  other  words,  the  synthesis  of  the  higher  homolog  of  phenylalanine, 
viz,:  a-^miino-d'phinylvalerianic  acid  has  been  accomplished  by  the  malooie 
ester  method  only.* 

C»H8CH:CH  —  CH  =  C  —  N-C  —  CJI. 

I  I 

CO o 

(VII). 
C«HftCH:CHCH  -  C.NH.COCtHi         C«HcCH,CH«CHkCH.NHCOC«Ht 


COOH  COOH 

(VIII).  (IX). 

>  Ann.,  337,  270  (1904). 

'  Braun  and  Kruber,  Ber.,  45,  389  (1912). 
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Wheeler  and  Brautlecht^  were  the  first  to  show  that  dtmamic  aldehyde 
win  condense  with  hydantoins  by  preparing  i-phenyl-2-thio-4~cimiamal- 
hydantoin  from  i-phenyl-2-thiohydantoin  by  interaction  with  dnnamic 
aldehyde.  The  yield  of  their  condensation  product  was  recorded  as 
being  equivalent  to  93.6%  of  the  theoretical.  We  now  find  that  phun 
hydantoin  and  also  2-thiohydantoin  condense  with  this  aldehyde  forming 
the  corresponding  4-cinnamalhydantoin  (XIII),  and  4-cinnamalthiO' 
hydantoin  (XXI),  respectively.  The  yields  in  both  cases  were  good. 
Theoretically,  these  two  unsaturated  hydantoins  as  well  as  Erlenmeyer's 
and  Matter's'  azlactone  (VII),  should  be  capable  of  existing  in  more  than 
one  modification.  In  fact,  in  the  case  of  the  azlactone  (VII),  Erlenmeyer 
and  Matter  state  that  they  encountered  difficulties  in  its  purification  and 
actually  assumed  that  they  were  probably  dealing  with  stereoisomeric 
fomis  which  were  inseparable.  We  examined  very  carefully  both  of  our 
condensation  products,  in  hopes  of  detecting  here  stereisomers,'  but  no 
evidence  was  found  that  would  point  to  the  conclusion  that  either  sub- 
stance existed  in  more  than  one  form. 

2-Thio-4-cinnamalhydantoin    (XXI),    was    desulfurized   smoothly    by 
■  vigorous  treatment  with  chloroacetic  add,  giving  the  hydantoin  (XIII). 
Therefore,  for  the  synthesis  of  the  amino  acid  (XV)  one  can  start  either 
.  with  hydantoin  or  2-thiohydantoin.     It  was  our  experience,  however, 
I  that  it  is  more  practical  to  start  with  hydantoin  and  prepare  the  cinnamal- 
hydantoin  by  direct  condensation.     Both  the  cinnamalhydantoin  (XIII) 
and  the  thiohydantoin   (XXI)   behave  in  an  analogous  manner  when 
need  in  alkaline  solution  with  sodium  analgam.     The  corresponding 
r'dantoic  acids,  which  are  represented  by  Formulas  XIV  and  XXI I, 
lespectively,  were  formed.     The  corresponding  hydantoins  (XVIII)  and 
pDQII)  were  easily  obtained  by  digesting  their  respective  hydantoic 
[adds  with  hydrochloric  acid.     The  unsaturated  thiohydantoin  (XXIII) 
was  easily  desulfurized  by  digestion  with  chloroacetic  acid  and  trans- 
formed into  the  hydantoin  (XVIII). 

The  hydantoic  acid  (XIV)  is  very  stable  in  the  presence  of  alkalis. 
However,  it  slowly  underwent  decomposition  when  digested  for  a  long 
time  with  strong,  aqueous,  barium  hydroxide  solution  and  was  trans- 
formed into  the  a-amino  acid  (XV).  This  new  amino  acid  dissolves 
in  about  100  parts  of  boiling  water  and  separates,  on  cooling,  in  beau- 
tiful, colorless,  distorted  needles  which  are  tasteless.  It  is  very  solu- 
ble in  alcohol  and  melts  at  247-248°  with  decomposition.  The  yield 
of  pure  amino  acid  formed  by  hydrolysis  was  82%  of  the  theoretical, 

*  Ann.  Chem.  J.,  45,  446  (191 1). 
'  Loc.  di. 

'Johnson  and  Hadley,  This  Journal,  37,  171  (1915);  Johnson  and  Bates,  Ibid., 
37,383(1915). 
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while  the  yield  of  the  add,  if  based  on  the  quantity  of  hydantoin  origmallj 
used  in  its  synthesis,  was  only  about  25%  of  theory. 

The  a-amino  acid  pCV)  reacts  normally  with  ammonium  thiocyanate, 
in  the  presence  of  acetic  anhydride,^  forming  nearly  quantitatively  the 
acylthiohydantoin  (XIX).  The  latter  was  converted,  by  hydrolysis 
with  hydrochloric  add,  into  the  same  2-thiohydantoin  (XXIII)  as  was 
formed  by  digesting  the  thiohydantoic  add  (XXII)  with  hydrodiloric 
add. 

We  also  investigated  the  behavior  of  2-thiO'4-cinnamalhydai)toiB 
(XXI)  when  digested  in  acetic  add  with  zinc  dust.  Under  these  condi- 
tions the  hydantoin  (XXIII)  was  not  produced,  but  another  product 
was  formed  whose  constitution  has  not  yet  been  established.  The 
loss  of  yellow  color  on  reduction  indicates  a  destruction  of  the  doaUe 
bond  in  position  4  of  the  hydantoin.  Whether  this  double  bond  if 
reduced  independentiy,  as  in  the  case  of  other  aldehyde-condensatioa 
products,  forming  the  hydantoin  (XXIV),  or  whether  the  change 
actually  involves  an  addition  of  hydrogen  at  the  Thide  1,4-union  in  the 
hydantoin  (XXI),  giving  a  stereoisomer  (XXV),  remains  to  be  dedded. 
The  third  possible  isomer  represented  by  Formula  XXVI  should  be 
formed  by  condensation  of  2-thiohydantoin  with  phenylpropylaldehyde. 
A  complete  investigation  of  these  interesting  changes  will  be  carried  out 
at  a  future  date. 

Especially  interesting  was  the  behavior  of  cinnamalhydantoin  (XIII) 
towards  aceticanhydride.  It  has  been  otu:  previous  experience  that 
aldehyde  condensation  products  of  this  type  have  not  shown  a  tendency 
to  interact  with  aceticanhydride.  We  now  find  that  this  compound 
(XIII),  is  transformed  by  the  action  of  this  reagent  into  the  correspond- 
ing acetylhydantoin  represented  by  Formula  XVII.  The  yield  was 
excellent.  The  structm-e  of  this  compound  was  established  by  the  fact 
that  the  same  hydantoin  was  formed  by  condensation  of  Siemonsen's* 
3 -acetylhydantoin  with  dnnamicaldehyde.  4-Cinnamalhydantoin  (XIII)i 
does  not  add  bromine  in  acetic  add  solution  to  form  a  saturated  com- 
pound or  a  dibromoderivative.  On  the  other  hand,  it  interacts  with  the 
halogen  in  a  similar  manner  as  does  benzalhydantoin,'  and  forms  a  mono* 
brom  substitution  product  with  evolution  of  hydrobromic  add.  We 
have  represented  this  hydantoin  by  Formula  XI.  The  same  hydantoia 
is  also  formed  by  treatment  of  the  hydantoin  (XIII)  with  an  excess  d 
bromine.  That  the  bromine  does  not  substitute  in  the  /3-position  was 
established  by  the  fact  that  a  diiferent  bromohydantoin  (X)  was  formed 

^  Johnson  and  Nicolet,  This  Journal,  339  1973  (191 1);  Johnson,  Am.  Chem.  /•» 
49,  68  (1913). 

*i4nn.,  333,  III  (1904). 

» Wheeler,  Hoffmann  and  Johnson,  /.  Biol.  Chem,,  10,  147  (191 1). 
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by  condensation  of  bromocinnamic  aldehyde^  CsHsCH  :  CBrCHO  wi 
hydantoin.    The  only  other  monobromo  derivative  theoretically  possil 
if  we  disregard  those  where  the  halogen  is  substituted  in  the  benz 
ring,  would  be  the  bromohydantoin  represented  by  Formula  XXVI 
This  we  have  temporarily  eliminated  because  it  seems  very  improbal 
that  bromine  would  substitute  in  a  propenyl  grouping  on  the  carl 
joined  to  phenyl.     In  other  words,  the  interesting  results  which  we  hav 
obtained  is  not  what  would  be  expected  if  the  1,4-union  in  the  hydant 
(XIII),  interacted  with  bromine  in  accordance  with  Thiele's  law. 
study  of  these  compounds  will  be  continued. 

The  various  transformations  discussed  above  are  represented  by 
preceding  structural  formulas. 

Eiqperimental  Part. 

4-Cinnamal  Hydantom   (XIII). — ^This  hydantoin    is  easily  ob 
according  to  the  following  procedure:     A  mixture  of  10  g.  of  hydant 
14  g.  of  dnnamic  aldehyde,  50  g.  of  fused  sodium  acetate  and  50  cc 
glacial  acetic  acid  are  heated  for  6  hours  in  an  oil  bath  at  130-140 
resulting  product  is  then  cooled  and  finally  warmed  with  500  cc.  of  wa 
until  thoroughly  disintegrated,  in  order  to  dissolve  all  the  sodium  aceta 
The  hydantoin  is  insoluble  in  the  water  and  separates  as  a  brown 
line  powder.    The  yield  of  crude  material  is  generally  about  15.5  g. 
72%  of  the  theoretical.    The  hydantoin  is  easily  purified  by  crys 
tion  from  hot,  glacial  acetic  add  and  separates,  on  cooling,  as  clusters 
canary  yellow  prisms  which  melt  at  272-273°  to  a  red  oil  with  d 
position.    The  hydantoin  crystallizes  from  95%  alcohol  in  stout  pri 
or  long,  slender  prisms,  depending  on  the  strength  of  the  solution  and 
temperatiue  of  crystallization.     The  compound  is  insoluble  in  water 
very  difficultly  soluble  in  ether.     Analysis: 

Calc.  for  CwHicOjNj:  N,  13.08.    Found:  N,  12.95,  13.12. 

7-Phenylpropenylhydantoic  Acid  (XIV). — ^This  acid  is  formed  by 
duction  of  the  above  hydantoin  with  sodium  amalgam.     Bight  and  t 
tenths  grams  of  the  preceding  hydantoin  were  dissolved  in  a  solu 
containing  2.5  g.  of  potassium  hydroxide  in   100  cc.  of  water, 
diluting  further  with  260  cc.  of  water  and  warming  to  60-65**,  no  g. 
3%  sodium  amalgam  were  added  slowly,  keeping  the  temperature  of 
solution  between  50-65°.     After  heating  for  1.5  horn's  the  reduction 
complete,  and  no  cinnamalhydantoin  separated  on  acidifying  the  solu 
with  hydrochloric  add.     During  the  reduction,  the  color  of  the  solu 
changed  from  yellow  to  pale  green.    The  fluid  was  decanted  from 
cury,  cooled  and  finally  acidified  with  hydrochloric  add,  when  the 
dantoic  acid  separated.     The  )rield  was  7.0  g.     This  add  is  very  solu' 
in  hot  water  and  alcohol.     It  was  purified  for  analysis  by  recrystal 
1  Zincke  and  Hagen,  Ber.,  17,  1814  (1884). 
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tion  from  hot  water  and  separated  in  the  form  of  colorless,  diamond- 
shaped  plates  which  melted  from  142-161°  with  decomposition.  The 
melting  point  is  very  indefinite  and  varies  according  to  the  rate  of  heating. 
An  attempt  to  reduce  cinnamalhydantoin  with  stannous  chloride  and 
hydrochloric  acid  was  unsuccessful. 

Calc.  for  CisHiftOiNs:  N,  11. S6.    Found:  N,  11.80,  11.94* 

o-Asnino-a-phenylpentenic  Acid,  C«H5CH2.CHrCH.CH(NH2)COOH. 
— ^This  new  a-amino  add  was  obtained  by  digesting  the  7.0  g.  of  the 
hydantoic  acid,  described  above,  with  50  g.  of  barium  hydroxide  in  200 
cc.  of  water  for  50  hours.  After  this  treatment  the  hydrolysis  was  com- 
plete and  no  ammonia  was  evolved.  Then  150  cc.  of  water  were  added 
and  the  solution  boiled  to  dissolve  all  the  amino  acid.  After  filtering 
from  barium  carbonate  the  excess  of  barium  was  precipitated  as  barium 
sulfate  by  adding  the  required  amotmt  of  sulfxuic  acid.  The  solution, 
freed  from  sulfate  and  barium,  was  then  concentrated  to  a  volume  of 
about  150  cc.  and  cooled,  whereupon  practically  all  of  the  amino  add 
present  separated  in  a  crystalline  condition.  It  was  purified  by  crystalliza- 
tion from  boiling  water,  a  little  bone-coal  being  added  to  remove  all  color. 
It  crystallized  in  long,  colorless  needles  which  melted  at  247-248*  to  a 
yellow  oil  with  some  decomposition.  The  add  is  very  soluble  in  alcohol 
and  dissolves  in  about  100  parts  of  boiling  water. 

Calc.  for  CuHuOtN:  N,  7.25.    Found:  N,  7.17,  7.26. 

4-(7-Phenylpropenylhydantoin)  (XVIII). — ^This  hydantoin  is  formed 
smoothly  by  digesting  the  above  hydantoic  acid  with  hydrochloric  add. 
One  hoiu-'s  boiling  with  25%  hydrochloric  acid  is  suffident  to  dose  the 
ring.  The  hydantoin  crystallizes  from  95%  alcohol  in  long  needles  which 
melt  at  160-161  *  to  a  dear  oil  without  effervescence. 

Calc.  for  CuHwOaNs:  N,  12.84.    Found:  N,  12.67,  12.79. 

2-Tliio-3-acetyl-4-(Y-phe&ylpropenyl)-hyda&toin  (XIX.) — ^Two  grams  of 
a-amino-d-phenylpentenic  add  were  warmed  on  the  steam  bath  with 
2  g.  of  dry  ammonium  thiocyanate  and  lo  cc.  of  acetic  anhydride  for  one 
hour  at  100°.  The  orange-colored  solution  which  was  obtained,  was 
then  allowed  to  stand  over  night  when  this  acetylhydantoin  separated 
in  the  form  of  yellow  prisms.  The  yidd  was  2.5  g.,  being  equivalent  to 
90-5%  of  theory.  It  was  purified  by  recrystallization  from  80%  alcohol, 
using  enough  of  the  sdivent  so  that  crystalUzation  did  not  commence 
above  the  room  temperature.  The  compound  always  separated  as  an 
oil  if  the  solution  was  too  concentrated.  The  hydantoin  crystallized  in 
orange-colored  plates  which  mdted  at  97-98°  to  an  oil  without  effer- 
vesoence.  It  was  difficultly  soluble  in  water  and  quite  soluble  in  alcohol 
and  ether. 

Calc.  for  Ci4Hi«0iNtS:  N,  10.14.    Found:  N,  10.03,  9-95 • 
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2-Thio-4-(7-phenylpropenyl)-hydantoiii  (XXm). — In  order  to  obtaa 
this  hydantoin  the  above  acetyl  derivative  was  suspended  in  stnxig 
hydrochloric  add  and  the  mixture  heated  on  a  steam  bath  tmtil  the  add 
was  expelled  by  evaporation.    This  operation  was  repeated  four  times, 
in  order  to  insure  complete  hydrolysis,  when  the  thiohydantoin  was  ob- 
tained as  a  brittle,  orange-colored  product  melting  at  124-125  ^  to  a  turbil 
oil.    This  material  was  insoluble  in  water,  but  very  soluble  in  alcohcL 
It  could  not  be  crystaUized  from  95%  alcohol,  for  even  on  spontaneous 
evaporation  of  the  solvent  at  room  temperature  it  deposited  in  the  foroi 
of  a  gum.    From  60%  alcohol  it  separated  on  slow  cooling,  in  the  form 
of  cream-colored  plates.    More  of  this  same  material  was  obtained  hf\ 
mixing  the  alcohol  filtrate  with  hydrochloric  add  and  evaporating  to  dry-| 
ness.    When  perfectly  pure  the  thiohydantoin  crystallizes  from  dilute  j 
alcohol  as  needles  or  distorted  prisms  which  mdt  at  126-127^  to  an  oflJ 
A  mixture  of  this  hydantoin  and  the  corresponding  acetyl  compouna 
mdted  at  85  °.  | 

Calc.  for  CuHwONfS:  N,  11:96.    Found:  N,  11.78,  11.76. 

Desulfurization  of  2-Thio>4-(7-phenylpropenyl)-hydantoin  (XXni)  wi^ 
Formation  of  4-(7-phenylpropenyl)-hydantoin  (XVUI). — ^This  diange  caij 
be  accomplished  easily  by  heating  the  thiohydantoin  with  a  10%  aqueous 
solution  of  chloroacetic  acid  at  140^  for  4  hotu^.  Under  these  conditiool 
the  sulfur  is  completdy  removed  and,  on  cooling,  the  add  solution,  th^ 
hydantoin  is  obtained  in  the  form  of  needles  which  melt  at  160% 
The  operation  of  boiling  the  thiohydantoin  with  chloroacetic  add  was  no^ 
effective  in  removing  the  sulfur. 

'2-Thio-4-cinnamaIhydantoin  (XXI). — Eight  grams  of  2-thiohydan 
which  were  prepared  according  to  the  method  of  Johnson  and  Nicc^ei 
were  heated  with  8.5  g.  of  dnnamic  aldehyde,  40  g.  of  fused  sodium  ace 
and  60  cc.  of  gladal  acetic  add  for  2  hours  at  130°.    The  resulting 
was  then  cooled  and  the  soUd  mixture  warmed  with  400  cc.  of  water  un 
completdy  disintegrated.    The  hydantoin  was  obtained  as  a  bit> 
yellow  product  insoluble  in  water.    The  yield  of  crude  material  was  13 
or  85%  oi  the  theoretical.  •  It  was  purified  for  analysis  by  crys 
tion  from  gladal  acetic  add  and  mdted  at  262-263  ^. 

It  was  noticed  that  this  material,  on  crystallization  from  the  acetic 
separated,  while  the  solution  was  very  hot,  in  the  form  of  red,  prii 
columns  but  after  the  temperature  of  the  solution  had  fallen  below  70 
it  then  deposited  in  long,  slender,  yellow  needles.     By  proper  regula 
of  the  temperature  and  application  of  fractional  crystallization  it 
possible  to  separate  the  two  forms. 

The  red  product  melted  at  262-263**  to  an  oil  without  apparent 
composition   and   was  identified   as   2-ihiO'4-dnnanialhydanUnn 
^  Loc,  cU, 
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On  drying  for  2  hours  at  125*^  it  lost  only  0.1%  of  its  weight.  It  was 
insoluble  in  water  and  soluble  in  alcohol.  It  was  less  soluble  in  alcohol 
and  glacial  acetic  add  than  the  cinnamalhydantoin. 

Calc.  for  CuHioONtS:  N,  la^iy.  Pound:  N,  zi.98. 
On  taking  the  melting  point  of  the  yellow  modification  it  was  noticed 
that  it  turned  red  at  about  140  to  160^  and  then  melted  at  the  same 
temperattu'e  as  the  red  compound,  namely,  262-263**.  In  fact,  the  yellow 
form  was  identified  as  the  red  hydantoin  containing  acetic  acid  of  crystal- 
lization. A  sample  of  the  yellow  modification,  which  was  washed  with 
ether  and  then  dried  at  ordinary  temperature,  gave  the  following  results 
on  analysis: 

Calc.  for  C11H10ON2S.CH3COOH:  N,  9.65.    Found:  N,  9.59,  9.68. 

After  drying  at  125®  for  3  hours  and  finally  for  4  hoiu"S  at  145°  the 
hydantoin  was  then  analyzed  for  nitrogen  when  the  following  results 
were  obtained: 

Calc.  for  CisHioONsS:  N,  12.17.    Found:  N,  11.93;  12.03. 

From  these  results  it  is  evident  that  the  yellow  modification  of  the 
thiohydantoin  contains  one  molecule  of  acetic  acid  of  crystallization. 

Reduction   of   2-Tlilo-4-cinnamalhydantoin  with  Sodium  Amalgam* 

7-Phenylpropenyltliiohydantoic  Acid   (XXU). — ^Two  grams  of  the  thio- 

cumamalhydantoin  were  dissolved  in  the  least  possible  amotmt  of  10% 

sodium  hydroxide  solution  and  enough  water  was  added  to  bring  the  volume 

up  to  150  cc.    The  temperature  of  this  solution  was  then  kept  between 

65-75**  and  the  hydantoin  reduced  by  adding  loo  g.  of  3%  sodium 

amalgam  in  small  portions  at  a  time.    The  color  of  the  solution  changed 

from  orange  to  an  apple  green  during  Uiis  operation.    After  the  reaction 

was  complete  the  solution  was  then  acidified  with  hydrochloric  add,  when 

this  hydantoic  add  separated  as  an  oil.     Hydrogen  sulfide  was  also 

evolved  indicating  partial  decomposition.    The  hydantoic  add  showed 

no  tendency  to  crystallize  on  long  standing.     It  was  dissolved  in  ether, 

dried  and  the  solvent  allowed  to  evaporate  spontaneously,  but  even  after 

such  treatment  only  a  gum  was   obtained,  which  refused  to  crystallize 

after  standing  for  2  weeks.    Its  constitution  was  established  by  the  fact 

that  it  was  converted  into  the  corresponding  hydantoin  by  digestion  with 

hydrochloric  add.    This  was  accompUshed  by  suspending  the  hydantoic 

add  in  strong  hydrochloric  add  and  heating  on  the  steam  bath  to  remove 

the  hydrochloric  add.    After  repeating  this  treatment  3  times  we  finally 

obtained  the  thiohydantoin,  which  deposited  as  a  brittie,  resinous  product 

melting  at  120-130®.     It  was  piuified  by  crystallization  from  50%  alcohol 

and  separated  in  cream-colored  crystals  which  melted  at  127®  without 

effervescence.    A  mixture  of  this  substance  with  some  2-thio-4-(7-phenyl- 

?ropenyl)-hydantoin,  described  above,  mdted  at  the  same  temperattu'e. 
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2-Thio-4-(7*plien7laUyl)-h7dantoin?  (XXIV).— This  was  obtained  ^^ 
partial   reduction    of    2-tliio-4-cinnamalhydantoin.    Two    and    one-! 
grams  of  the  dnnamalhydantoin  were  dissolved  in  sufficient  glacial 
add  to  form  a  dear  solution  at  65  °;  20  g.  of  zinc  dust  wer^  added  and 
solution  then  warmed  for  1.5  hours  at  65-75°.     It  was  found  that  boi 
the  solution  caused  an  evolution  of  hydrogen  stdfide.     During  the 
half  hour  the  color  of  the  solution  changed  from  chrome  yellow  to 
apple  green,  but  after  this  no  further  color  change  was  noticed* 
the  reduction  was  complete  the  add  solution  was  cooled  and  filtered 
anjexcess  of  cold  dilute  hydrochloric  add,  whereupon  this  unsa 
hydantoin  separated  at  once  as  a    sahnon-colored,  curdy  predpitai 
This  substance  was  dissolved  again  in  pure  acetic  add  and  the  predpitai 
with  hydrochloric  add  repeated  in  order  to  remove  all  traces  of 
The  hydantoin  was  extremely  soluble  in  all  the  common  organic  sci 
It  was  finally  dried  at  40**  and  then  heated  for  an  hour  at  100®  when  it 
obtained  as  a  powder  having  no  definite  mdting  point.    The  subs 
began  to  contract  at   175**,  when  heated  in  a  capillary  tube,  giving 
redj'gum  at  185 '^  whidi  became  partially  fluid  at  190°.    The  yidd 
quantitative.    The  compound  immediatdy  decolorized  a  dilute  acei 
solution,  of  potassium  permanganate  showing  the  presence  of  an 
saturated  grouping. 

Calc.  for  CitHi20N9S:  N,  13.07.    Poimd:  N,  iz.87,  11.76. 

Desulfurization  of  a-Thio-^-dnnamalhydantoin  with  Fomuitioa 
4-Cimiamalhydantoin. — ^An  attempt  was  made  to  desulfurize  this  2- 
hydantoin  by  boiling  2.5  g.  of  the  compound  for  6  hours  with  5  g. 
chloroacetic  add  in  50  cc.  of  water.    The  hydantoin  did  not  dissolve 
as  there  was  no  change  in  its  appearance  by  this  treatment  5  g.  more 
chloroacetic  add  were  added  and  the  digestion  continued  for  14  b 
Even  after  this  prolonged  treatment  the  hydantoin  had  undergone 
change  and  melted  at  253^.    The  hydantoin  was  then  heated  in  a 
tube  for  6  hours  with  7  g.  of  chloroacetic  add  (4  molecular  proportii 
and  15  cc.  of  water.     On  opening  the  tube  there  was  no  pressure  and 
dnnamalhydantoin    was    suspended    in    the    add    solution.     This 
separated  by  filtration,  dissolved  in  dilute  sodium  hydroxide  solution 
finally  predpitated  by  addition  of  hydrochloric  add.    The  hydani 
was  then  purified  by  crystallization  from  gladal  aoetic  add.     It  m 
at  272-273^  to  a  red  oil  with  eflfervescence.    It  gave  no  test  for  sulfur. 

The  Actionof  Bromine  on  4-CinnamaHiydantoin,  4-(ce-B 
hydantion  (XI). — One  and  fivMenths  grams  of  the  dnnamalhydan 
were  dissolved  in  200  cc.  of  gladal  acetic  acid  and  the  temperature  of 
mixture  kept  at  50-60^  while  the  calculated  amount  of  bromine 
(1.12  g.)  was  aspirated  through  the  solution.    After  the  bromine  had 
completely  absorbed,  the  excess  of  acetic  add  was  removed  by  e 
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ting  under  diminished  pressure  and  the  solution  cooled,  when  the  bromo- 
hydantoin  separated  in  the  form  of  yellow  needles  which  were  purified 
by  recrystallization  from  acetic  acid.  The  substance  melted  at  290-295  ** 
with  decomposition.  This  melting  point  is  not  definite  and  varies  accord- 
ing to  the  rate  of  heating.  The  hydantoin  is  insoluble  in  water  and 
moderately  soluble  in  alcohol. 

Calc.  for  CuHfOsNsBr:  N,  9.55.    Pound:  N,  9.20,  9.26. 

In  a  second  experiment  2  g.  of  4-cinnamalhydantoin  were  dissolved  in 
200  cc.  of  glacial  acetic  add  and  4  molecular  proportions  of  bromine  (3 
g.)  aspirated  through  the  solution.  The  same  temperattu-e  conditions 
were  maintained  as  in  the  first  experiment.  There  was  a  large  excess  of 
bromine  which  did  not  react  with  the  hydantoin.  This  was  expelled  with 
the  excess  of  acetic  acid  by  heating  under  diminished  pressure.  On 
cooling  we  obtained  the  same  compound  as  was  formed  in  otu:  first  experi- 
ment, namely,  bromocitinafnalkydafUoin.  In  other  words,  there  was  no 
tendency  for  the  bromine  to  add  at  the  double  bond  of  the  allyl  group. 
After  crystallization  from  glacial  acetic  acid  the  compound  melted  at 
290-295°  with  decomposition. 

Calc.  for  CisHfOsNsBr:  N,  9.55.    Found:  N,  9.34,  9.36. 

4-(i8-Bromocinnamal)"hydantoin  (X), — ^This  hydantoin  was  prepared 
by  condensing  bromodnnamic  aldehyde^  with  hydantoin.  The  following 
proportions  were  used:  10  g.  of  the  aldehyde,  5  g.  of  hydantoin,  25  g.  of 
anhydrous  sodium  acetate,  20  cc.  of  gladal  acetic  acid  and  20  cc.  of  acetic 
anhydride.  After  heating  for  1.5  hours  at  130°  the  mixture  was  then 
cooled  and  triturated  with  cold  water  when  we  obtained  6.0  g.  of  the 
crude  hydantoin.  This  compound  was  tmstable  and  a  certain  amoimt 
of  decomposition  always  took  place  when  attempts  were  made  to  purify 
it  by  crystallization.  A  product  was  finally  isolated  by  crystallization 
from  gladal  acetic  add  whidi  crystallized  in  dusters  of  ydlow  prisms  and 
melted  at  226-227°  with  decomposition.  Work  had  to  be  abandoned 
on  this  compound  because  it  or  the  monobromocinnamic  aldehyde  caused 
acute  and  very  painful  dermititis  on  the  hands  of  the  experimenter. 

Calc.  for  CuHtOtNsBr:  N,  9.55.    Found:  N,  9.7. 

3-Acetyi-4-cinnamalhydantoin  (XVII.) — It  was  observed  during  the 
condensation  of  hydantoin  with  cinnamic  aldehyde,  when  some  acetic 
anhydride  was  incorporated  with  the  acetic  acid,  that  the  condensation 
product  always  contained  two  products,  one  of  which  was  dnnamal- 
hydantoin  melting  at  273®  and  the  other  a  substance,  which  mdted  much 
lower,  was  more  insoluble  in  glacial  acetic  acid  and  contained  less  nitrogen. 
It  was  impossible  to  isolate  it  in  a  pure  condition.  In  order  to  determine 
•whether  this  secondary  product  might  be  an  acetyl  derivative,  1.5  g.  of  the 
*  Ztncke  and  Hagen  Loc.  oit. 
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<nnnamalhydaiitom  were  heated  with  30  cc.  of  acetic  anhydride  for  4 
iiours  at  140-150^.  There  was  no  apparent  reaction  at  first  but  after] 
heating  for  about  an  hoiu*  most  of  the  hydantoin  had  disappeared  and  a  I 
new  product  began  to  deposit  in  the  form  of  needles.  On  continneil 
lieating  all  the  dnnamalhydantoin  changed  to  this  modification.  Tint 
was  identified  as  the  acetyl  derivative  of  dnnamalhydantoin  and  crystal  j 
lized  from  glacial  acetic  add  as  yellow  prisms,  which  mdted  at  241-242*] 
without  any  apparent  decomposition.  This  hydantoin  was  less  sdh 
in  gladal  acetic  add  than  dnnamalhydantoin. 

Calc.  for  CiiHuOtNs:  N,  10.94.    Found:  N,  10.96,  10.94. 

This  hydantoin  easily  underwent  hydrolysis  when  warmed  with  hy< 
chloric  add  was  changed  into  dnnamalhydantoin.    This  was 
from  gladal  acetic  acid  and  mdted  at  272-273^  with  decomposition. 

In  order  to  determine  whether  the  acetyl  group  in  this  new  hydani 

was  linked  to  the  i-  or  3-position  of  the  ring  3-acetylhydantoin^  (XVI) 

condensed  with  dnnamic  aldehyde  by  heating  in  the  presence  of 

acetate,  acetic  add  and  acetic  anhydride.    After  heating  for  3.5  hours 

130-135^  the  fused  mass  was  cooled  and  then  triturated  with  500  oc 

cold  water  when  the  above  acetylhydantoin  separated  in  a 

condition.    The  yidd  was  excellent.     It  was  purified  by  crystallizatioaj 

from  acetic  add  and  melted  at  241-242^.    A  mixture  of  this  subst 

with  some  of  the  acetyl  compotmd  described  above  mdted  at  the 

temperature. 

Calc.  for  CiJIuOsNs:  N,  10.94.    Pound:  N,  10.9. 

Nsw  Havbn,  Cokn. 
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lUBSBARCHES  ON  PTRIMIDINBS.    LXZV.    PTRI 

HTDES  AND  THEIR  BIOCHEMICAL  INTEREST 
(THIOURACILALDEHYDE). 

By  Trbat  B.  J0BN8ON  AMD  Lbonard  H.  Cuitcrbk.  Jk. 
Recdved  July  5.  1915. 

So  far  as  the  writers  are  aware,  no  cydic  aldehydes  of  the  pyrimidine 
series  have  been  described  in  the  literature.  Such  unsaturated  combina* 
lions  should  manifest  great  reactivity  and  consequently  a  knowledge  of 
their  chemistry  is  espedally  desirable,  because  of  the  probability  that  they 
will  prove  of  value  for  the  future  synthesis  of  new  pyrimidine  combina- 
tions of  great  biochemical  interest.  A  description  of  three  aldehydes  of 
this  series  of  cyclic  compounds  will  be  given  in  this  paper.  One  of  these, 
2-thiouracil'4-aldehyde  (I),  can  be  obtained  easily  in  quantity  for  synthetical 
work. 

*  Siemonsen,  Loc.  cit. 
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NH  — CO 

I  I 

CS        CH.H,0 


NH  —  C.CHO 

(I). 

• 

Our  pyTimidine-nucleoside  investigations  have,  so  far,  been  practically 
confined  to  the  study  of  uracil  combinations  containing  simple  mono- 
atomic,  alcohol  groupings  in  the  4-position  of  the  pyrimidine  ring.*  Our 
method  of  synthesizing  such  combinations  is  somewhat  limited  in  its 
utility,  because  it  is  dependent  on  the  use  of  characteristic  jS-ketone  esters 
of  definite  structure.  Most  of  these  esters  required  for  our  work  are 
unknown  and  many  of  them  would  be  extremely  difficult  to  synthesize 
in  quantity.*  It  became  necessary,  therefore,  as  our  work  developed, 
to  obtain,  if  possible,  uracil  combinations  (or  thiouradl)  containing  a 
grouping  in  the  4-position,  which  could  be  utilized  for  side-chain  con- 
struction. A  grouping  was  desired  which  would  render  possible  the  syn- 
thesis indirectly  of  glycol  and  higher  alcohol  combinations.  Such  a  radical 
is  the  aldehyde  group  — CHO,  which  we  have  now  been  able  to  introduce 
into  the  pyrimidine  ring  according  to  the  method  described  below. 

Among  the  aliphatic  esters  which  have  been  observed  to  condense  with 
ethyl  acetate,  in  the  presence  of  sodium,  to  form  j8-ketone  esters  (Claisen's 
condensation),  is  the  ethyl  ester  of  diethoxyacetic  acid  (CfH60)iCH.- 
COOCsHs.  Dakin  and  Dudley^  have  shown  that  these  two  aliphatic 
esters  interact  smoothly  tmder  specific  conditions,  forming  the  new  i9-ketone 
ester  (II).  This  compound  and  its  a-carbon  substituted  derivatives  are 
characterized  by  their  behavior  on  hydrolysis.  They  exhibit  the  normal 
behavior  of  /3-ketone  esters  and  can  be  transformed  into  ketone  acetals. 
The  latter  on  hydrolysis  with  adds  are  easily  transformed  into  glyoxals. 
The  complete  hydrolysis  of  ethyl  7-diethoxyacetoacetate  (II)  may  be 
expressed  in  the  following  manner: 

(CAO),CH.COCH,COOCiHi  — ►  CH,CO.CH(OC»H,)2  — ¥-  CH,CO.CHO 
(II). 

We  have  now  incorporated  this  characteristic  /3-ketone  ester  into  our 
nucleoside  work^  and  find  that  it  condenses  normally  with  thiourea  in 

^  See  our  pjrrimidine  papers. 

*  Work  is  now  in  progress,  in  this  laboratory,  dealing  with  the  s^mthesis  of  various 
representatives  of  new  types  of  ^-ketone  esters.  This  investigation  involves  the  ap- 
plication of  Claisen's  reaction  with  types  of  esters,  which  hitherto  have  not  been  studied, 
and  new  combinations  have  been  obtained  which  are  of  great  value  for  future  syntheses. 
(T.  B.  J.) 

*  /.  Chem.  Soc.,  X05,  2453  (1914)- 

*  So  far  as  we  are  a¥mre  the  behavior  of  ethyl  triethoxyacetate  (CsH»0)sC.COOCtHft 
towards  ethylacetate  in  the  presence  of  sodium  has  not  been  investigated.     (T.  B.  J.) 
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trans*] 


alcohol  solution,  and  in  the  presence  of  sodium  ethylate,  forming 
pyrimidine-acetal  represented  by  Formula  III.    The  acetal  grouping 
this  p3nrimidine  exhibits  a  normal  behavior.     It  is  stable  in  the  p: 
of  alkali,  but  tmdergoes  hydrolysis  with  mineral  adds,  and  is 
formed  quantitatively  into  the  aldehyde  of  2-thiouracil  represented 
Formula  I.    The  sodium  salt  of  the  thiopyrimidine  (III)  behaves  in 
regular  manner  when  allowed  to  interact  with  alkylhalides.     Alkylai 
takes  place  with  substitution  upon  the  sulfur  atom  and  the  correspon 
mercaptopjoimidines  are  formed  quantitatively.     We  have  prepared 
the  action   of  methyliodide  and  ethylbromide  the  two  mercaptop; 
midines  represented  by  Formula  IV  and  VII,  respectively. 

The   mercaptopyrimidine    (VII)    behaves   in   an    interesting    m 

when  subjected  to  hydrolysis  with  hydrochloric  acid.     If  the  action 

not  allowed  to  become  too  vigorous,  only  the  acetal  grouping  is  destroy 

and    the    corresponding    mercaptopyrimidinealdehyde    (VI)    is    f 

If,  however,  the  pyrimidine  (VII)  is  subjected  to  very  vigorous  trea 

with  strong  hydrochloric  acid,  the  reaction  proceeds  ftuther.     Mercap 

is  then  also  evolved  and  the  final  product  of  the  reaction  is  uracilaldeh; 

represented  by  Formula  V.     Attempts  to  prepare  this  aldehyde  (V) 

desulfurization  of  the  corresponding  thiotu'acilaldehyde  (I)   have» 

far,  been  unsuccessful.    Very  little  attention  has  been  paid  to  the 

istry  of  uracilaldehyde  (V),  but  a  careful  study  of  its  properties  and 

actions  will  be  taken  up  the  coming  year.     The  various  changes,  wl 

have  been  discussed  above,  are  expressed  by  the  following  struc 

formulas: 

(CiHiO),CH.CXX:H,COOCiH, 

(11). 


ch< 
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NH  — CO 


CS        CH.HiO 


NH  — CO 


CS 


NH  — CO 


NH  —  C.CHO 
(I). 

NH  — CO 


CH 

II         /OCH, 
NH  —  CCH^ 

(in).         ^OCH, 

NH  — CO 


CH,SC 

II 
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CH 
CCH^ 

(IV).        Nx:a 


NH  — CO 


CO        CH.H,0 


C^ftSC 


NH  —  C  —  CHO 

(V). 
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CH 

II 
C.CHO 


CH^C 

II 
N 


(VI). 


CH 

II         y^OCH* 
—  CCH^ 

(VII).       Nx:a 


We  ask  that  the  investigation  of  pyrimidine  aldehydes  be  reserved 
this  laboratory.  Attempts  will  be  made  to  synthesize  the  two  uiikn< 
aldehyde  derivatives  of  thymine  and  cytosine,  which  are  represented 
Formulas  VIII  and  IX,  respectively. 
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NH  — CO  N    «    CNHa 

II  II 

CO       C.CH,  CO        CH 


NH  —  C.CHO  NH  —  C.CHO 

(Vm).  (IX). 

Experimental  Part. 

Preparation  of  Dichloroacetic  Acid,  CI2.CH.COOH.— All  the  dichloro- 
acetic  add  which  was  used  in  this  investigation  was  made  from  chloral 
hydrate.  The  procedm^  was  to  convert  the  chloral  into  the  potassium 
salt  of  the  halogen  acid  by  digesting  it  with  potassium  ferrocyanide 
according  to  Wallach's^  directions,  and  then  decompose  the  potassium 
salt  with  hydrochloric  acid. 

Our  method  of  obtaining  the  free  acid  from  its  potassium  salt  is  illus- 
trated by  a  description  of  one  experiment:  180  g.  of  the  potassium  salt 
were  suspeneed  in  600  cc.  of  dry  benzene  and  the  salt  decomposed  by 
passing  a  stream  of  dry  hydrochloric  acid  gas  through  the  mixture  until 
completely  saturated.  It  was  thoroughly  shaken  at  times  in  order  to 
produce  a  thorough  decomposition.  After  the  salt  was  completely  de- 
composed  the  insoluble  potassium  chloride  was  filtered  off  by  suction  and 
the  benzene  removed  by  heating  the  mixture  finally  up  to  150**  in  an  oil 
bath.  The  dichloroacetic  add  was  then  distilled  at  ordinary  pressure, 
when  we  obtained  105  g.  of  the  add  boiling  at  188-192  ®.  This  was  a  yield 
of  76%  of  the  theoretical.  In  another  experiment  we  obtained  67  g.  of 
the  add  from  100  g.  of  the  potassium  salt,  which  is  a  yield  of  87%  of  the 
theoretical. 

Ethyl  Diefhozyacetate,  (C2H60)2CH.COOC2H5.*— A  description  of  one 
experiment  will  illustrate  oiu*  procedure  for  making  this  ester:  Three 
molecular  proportions  of  sodium  (56.2  g.)  were  dissolved  in  800  cc.  of 
ethyl  alcohol,  which  had  previously  been  desiccated  by  distillation  over 
metallic  sodium.  The  flask  containing  the  ethylate  solution  was  then 
connected  with  a  reflux  condenser  and  the  s6lution  heated  to  80°  in  a 
water  bath.  While  maintaining  the  temperature  at  80**,  105  g.  of  di- 
diloroacetic  add  were  added  slowly  by  means  of  a  dropping  funnel. 
There  was  an  immediate  reaction  with  formation  of  sodium  chloride  and 
the  sodium  salt  of  diethoxyacetic  acid.  After  the  reaction  was  complete 
the  solution  was  then  cooled  and  exactly  35  g.  of  hydrochloric  add,  in 
absolute  alcohol  solution,  added  cautiously  while  holding  the  temperature 
of  the  solution  below  10**.  This  is  approximately  0.2  of  a  mol  in  excess 
of  the  amount  of  add  required  to  liberate  the  diethoxyacetic  acid,  or  5.8  g. 
of  hydrochloric  add.  The  alcoholic  solution  was  then  allowed  to  stand 
for  15-18  hoiffs  at  room  temperature  to  effect  a  thorough  esterification. 

'  Ber.,  10,  1525  (1877). 

*  Wohl  and  Lange,  Ber.,  41,  3612  (1908). 
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The  hydrochloric  add  was  then  exactly  neutralized  cold  by  adding 
required  amount  of  soditun  ethylate  in  alcohol  solution  and  the  undissoli 
sodiiun  chloride  separated  by  filtration.    We  obtained  a  clear, 
solution  which  was  heated  at  30-35^  under  diminished  pressure  to 
move  all  the  alcohol.    The  red  S3rrupy  liquid  which  was   obtained, 
then  diluted  with  20  cc.  of  cold  water  and  a  large  voltmie  of  ether  ad( 
when  we  obtained  75  cc.  of  material  immiscible  with  the  solvent, 
ether  extract  was  saved  and  the  immiscible  liquid  extracted  repeal 
with  fresh  ether  tmtil  the  volume  finally  remained  constant  at  55 
(see  below). 

The  ethereal  solution  was  dried  over  sodium  sulfate  and,  after 
of  the  ether,  the  oil  was  distilled  under  diminished  pressure.    We 
tained  48  g.  of  the  ester  boiling  from  94.5-98^  at  19  mm.  pressure 
about  10  g.  boiling  somewhat  higher,  98-103^  at  20-21  mm. 
There  were  about  12  g.  of  a  higher  fraction  with  indefinite  boiling 

The  immiscible  liquid  (55  cc.)  mentioned  above  was  dark  red  in 
and  very  viscous.  It  was  covered  with  ether  and  hydrochloric 
cautiously  added,  when  the  red  color  disappeared  and  an  oil  dissolved 
the  ether.  This  was  thoroughly  extracted  and  the  ether  dried  o^ 
calcium  chloride  for  24  hours.  On  evaporating  the  solvent  we  obi 
48  g.  of  crude  diethoxyacetic  acid.  This  was  esterified  by  dissolving 
in  72  g.  of  absolute  alcohol  containing  2.5  g.  of  hydrochloric  add 
allowing  the  solution  to  stand  for  several  hours.  The  hydrochloric 
was  then  neutralized  with  the  required  amotmt  of  sodium  ethylate  and 
ester  separated  in  the  usual  way.  We  recovered  here  12  g.  of  piure 
boiling  at  83-85^  under  a  pressure  of  13  mm.  The  total  yield  of 
was  70  g.  or  50%  of  the  theoretical. 

Bthyl  7-Diethozyacetoacetate  (11)  • — ^This  ester  has    previously 
described  by  Dakin  and  Dudley^  who  have  assigned  to  it  a  boiling  point  i 
112^  at  4-6  mm.  pressure.    We  prepared  the  ester  according  to 
method  with  slight  modifications.    These  changes  were  made  after 
found  it  was  not  necessary  to  obtain  the  pure  j8-ketone  ester  for  our 
We  proceeded  as  follows:    The  following  proportions  were  taken:  65 
of  ethyl  diethoxyacetate,  26  g.  of  metallic  sodium  in  wire  form  and  100 
of  ethyl  acetate.    The  ethoxy  ester  and  one-half  of  the  acetate 
mixed  in  an  Erlenmeyer  flask,  connected  to  a  reflux  condenser,  and 
mixture  heated  to  80°.    One-half  of  the  sodium  was  then  introduced 
small  portions  at  a  time.    Heating  was  continued,  and  in  about  3 
the  sodium  had  completdy  dissolved.    The  remainder  of  the  ethyl 
was  then  added  and  finally,  in  small  amounts  at  a  time,  the  rest  of 
sodium.     Heating  was  then  continued  for  4  hours,  when  the  sodium 
practically  all  disappeared  and  then  reaction  was  apparently  com] 
i  Dakin  and  Dudley,  Loc.  cit. 
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The  resulting  mixture  was  then  cooled  and  carefully  mixed  with  ice  water. 
The  unaltered  esters  were  first  removed  by  extraction  with  ether  and  the 
dear  aqueous  solution  acidified  cold  with  hydrochloric  add  to  Uberate 
the  iS-ketone  ester  from  its  sodium  salt.  This  ester  was  extracted  with 
ether  and  the  solution  desiccated  by  allowing  it  to  stand  over  anhydrous 
sodium  sulfate.  After  removal  of  the  ether  the  iS-ketone  ester  was  ob- 
tained as  a  red  oil.  This  was  not  distilled  but  was  heated  in  an  oil  bath 
at  145  °  under  a  pressure  of  23  mm.  in  order  to  expd  any  ethyl  acetoacetate 
that  was  present.  The  product  left  behind  after  this  treatment  wdghed 
65  g.  From  86  g.  of  (CiH50)jCHCOOCH6  Dakin  and  Dudley  obtained 
76  g.  of  the  pure  /S-ketone  ester. 

The  Diethylacetal  of  2-Thio-4-uracilaldehyde  (m.) — For  the  prepara- 
tion of  this  new  p3rrimidine  the  following  proportions  were  taken : 

65  g.  of  the  undistilled  /3-ketone  ester  described  above,  10.5  g.  of 
sodium,  40  g.  of  thiourea  and  200  cc.  of  absolute  alcohol.  The  sodium  was 
first  dissolved  in  the  alcohol  and  the  thiourea  then  dissolved  in  the  re- 
sulting solution.  Finally  the  /3-ketone  ester  was  added  and  then  50  cc. 
more  of  alcohol.  The  mixture  was  then  heated  on  a  steam  bath  for  7 
hours  after  which  the  mixture  was  transferred  to  a  casserole  and  the 
alcohol  evaporated  by  heating  at  100°.  The  residue,  which  remained 
behind,  was  black  and  very  viscous.  This  was  dissolved  in  275  cc.  of 
water,  and  the  solution  digested  with  bone  coal,  when  a  dear,  dark  red 
solution  was  obtained.  This  was  cooled  and  addified  cautiously  with 
dilute  hydrochloric  add.  At  first  the  pyrimidine  separated  as  a  thick 
oil,  but  soon  assumed  a  granular  condition  on  stirring.  The  product 
was  dried  in  a  desiccator  over  sulfiuic  add  and  wdghed  52  g.  The  crude 
material  mdted  at  150°.  The  acetal  was  purified  by  crystallization  from 
95%  alcohol  and  separated  in  thick,  rhombic  blocks  which  mdted  at 
160^.  The  compound  is  sparingly  soluble  in  water  and  soluble  in  cold 
hydrochloric  add. 

Calc.  for  CfHuOtNsS:  N,  12.17.    Pcmnd:  N,  13.16,  12.12. 

This  p3nimidine  was  not  desulfurized  by  digesting  in  alcohol  solution 
with  mercuric  oxide.  Freshly  predpitated  lead  hydroxide  was  also  used, 
but  here  also  there  was  only  slight  evidence  of  the  formation  of  lead  sul- 
fide. Attempts  to  desulfurize  the  pyrimidine  by  warming  with  chloro- 
acetic  add  were  unsuccessful. 

>-Tliio-4-tiradlaldehyde  (I). — ^A  quantitative  yield  of  this  interesting 
pyrimidine  is  obtained  by  hydrolysis  of  its  acetal  with  hydrochloric  add. 
Three  grams  of  the  thioacetal  (above)  were  dissolved  in  about  100  cc.  of 
dilute  hydrochloric  add  and  the  solution  finally  heated  to  boiling.  On 
cooling,  the  aldehyde  separated  in  the  form  of  golden-yellow,  glistening 
plates,  which  darkened  at  about  230^  and  then  decomposed  at  250°. 
The  mdting  point  was  not  altered  by  further  crystallization  from  dilute 
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hydrochloric  add.  The  aldehyde  reduces  silver  nitrate  in  ammoniaai 
solution  and  also  Pehling's  solution.  It  dissolves  easily  in  alocAol  aalj 
glacial  acetic  add.  It  behaves  peculiarly  when  warmed  with  watenl 
It  dissolves  in  this  solvent,  but  on  cooling  separates  as  a  tarry  product 
The  addition  of  water  to  an  acetic  add  solution  of  the  aldehyde  jHtxiu 
the  same  tarry  precipitate.  The  aldehyde  contained  one  molecule  of 
water  of  crystallization,  which  was  not  completdy  expelled  until  the 
pyrimidine  was  heated  to  160-170®. 

Calc.  for  CjHiOjNiS.HiO:  N,  16.08;  HjO,  10.36.    Found:  N,  16.04;  HjO,  10.17. 

Phenylhydrazone  of  the  Thiouracil  Aldehyde. — A  small  quantity  of 
aldehyde  was  dissolved  in  dilute  hydrochloric  add  and  sodium  acetai 
and  phenylhydrazine  added  to  the  solution.    The  hydrazone  separai 
at  once  as  yellow  needles  which  did  not  mdt  below  300**.     This 
potmd  is  insoluble  in  alcohol,  benzene,  petroleum  ether  and  only  sligb 
soluble  in  water.    Analysis  (Dumas'  method) : 

Calc.  for  C11H10ON4S:  N,  22.7.    Pound:  N,  22.33. 

Diethyl  Acetai  of  2-Ethylmercapto-6-oxy-4-aldeh7doiiyri]nidine 
— ^Por  the  preparation  of  this  new  pyrimidine  the  following  reagents  wi 
used:     10  g.  of  the  corresponding  2-thiopyrimidine  (above),  i  g.  of  sodit 
1.2  g.  of  ethyl  bromide  and  250  cc.  of  alcohol.    The  sodium  was 
converted  into  soditun  ethylate  by  dissolving  in  the  alcohol  and 
thiop3aimidine  then  dissolved  in  this  solution.    The  ethyl  bromide 
then  added  and  the  solution  heated  on  the  steam  bath  for  i  hour  idien 
alkylation  was  com|dete.    The  alcohol  was  then  evaporated  and 
residue  triturated  with  water  to  remove  the  salt  when  the  pyrimidine 
obtained  in  a  crystalline  condition.     It  was  purified  by  ciys 
from  hot  water  and  separated  in  the  form  of  colorless,  slender  m 
which  mdted  at  128^  to  an  oil.    The  3ridd  of  pyrimidine  was  11  g. 
compound  is  very  soluble  in  alcohol  and  benzene. 

Calc.  for  CiiHitOtNsS:  N,  zo.85.    Found:  N,  10.65. 

Diethyl  Acetai  of  2-Methylmercapto-4-027-4-aldehydopyri]iiidine 

— Obtained  by  alkylation  of  the  corresponding  2-thiopyrimidine 
methyliodide.    The  3ddd  was  practically  quantitative.    The  pyrimi< 
was  purified  for  analysis  by  recrystallization  from  alcohol  and  se; 
in  the  form  of  needles  which  melted  at  133  °  to  a  dear  oil. 

Calc.  for  CioHieOjNtS:  N,  11.4.    Found:  N,  11.20. 

2-Ethylmeicapto-6*ozy-4-aJdehydopyrim]d]ne    (VI). — This  is 
by  careful  hydrolysis  of  its  corresponding  acetai.    Two  grams  oi 
latter    were    dissolved    in    100    cc.    of    hydrochloric    add    (equi 
parts  of  water  and  concentrated  add)   and   the    solution  evapora 
on  the  steam    bath    until    crystals    made    their   appearance   on 
surface  of  the  Hquid.    This    condition  was  reached  at  a    volume 
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about  20  cc.  On  cooliog  more  of  the  same  material  separated.  This 
was  identified  as  the  mercaptoaldehyde  and  melted  at  145°.  It 
crystallized  in  elongated  prisms  which  were  soluble  in  hot  water  and 
dilute  hydrochloric  add  and  sparingly  soluble  in  alcohol.  The  aldehyde 
reduced  silver  nitrate  in  ammoniacal  solution  and  gave  a  crystalline 
hydrazone.     Analysis: 

Calc.  for  CrHsOiNtS  :  N,  15.16.     Pound:  N,  15.06. 

nradl-4-aldehyde  (V). — ^This  aldehyde  has  not  been  subjected  to  in- 
vestigation and  consequently  we  shall  only  mention  here  a  single  experi- 
ment in  which  the  pyrimidine  was  obtained.  One  gram  of  the  above 
2-ethylniercaptopyTimidineacetal  was  heated  with  boiling  hydrochloric 
acid  for  one-half  hour  and  the  solution  then  evaporated  practically 
to  dryness.  On  cooling  the  remaining  liquid,  this  p3nrimidine  separated 
as  a  white  powder  which  was  crystallized  from  dilute  hydrochloric  acid. 
It  separated  in  small  distorted  prisms  arranged  in  rosets  which  did  not 
melt  at  300^.  It  did  not  respond  to  a  test  for  sulftu*  and  contained  a 
molecule  of  water  of  crystallization,  which  was  removed  by  heating  the 
pyrimidine  at  I3o^ 

Calc.  for  CsH40tNi:  N,  17.7;  HiO,  11.39.    Found:  N,  17.45;  HtO,  11.30. 

This  p3rrimidine  will  be  subjected  to  a  thorough  investigation. 

Nsw  Hatxk.  Conk. 


(Contributions  prom  ths  Shsppisld  Chemical  Laboratory  01^  Yai3  Univhrmitv.] 

ItESEARCHES  ON  PTRIMIDINES.    LXXVI.    NEW  METHODS  OF 
SYNTHESIZING  2-EXTOPTRIMIDINES  AND  THEIR 

SULFUR  analogs; 

By  Tssat  B.  Johnson  and  A.  Willaso  Joycb. 
Receiired  Jtdy  5.  1915. 

Although  the  chemistry  of  the  2,6-dioxypyTimidines,  of  which  uracil 
<I),  is  the  prototype,  has  been  the  subject  of  extended  investigation 
largely  on  account  of  the  ready  accessibility  of  such  substances  and  their 
biochemical  interest,  that  of  the  m^Ttu^-ketopyrimidines  and  the  simple 
pyrimidine  compounds  has  received  comparatively  little  attention,  and 
it  was  with  the  view  of  filling  this  gap  and  partly  with  definite  synthetical 
aims  that  the  preliminary  work  discussed  in  this  paper  was  instituted. 

The  2,6-dioxyp)rrimidines  (I)  are  easily  transformed  into  their  corre- 
sponding dichloropyrimidines  (II)  by  interaction  with  phosphorus  penta- 
<rhloride  and  phosphorus  oxychloride.  The  yields  of  these  dihalides 
are  good  and  consequently  they  are  available  in  quantity  for  synthetical 
purposes.  When  such  halogenated  pyrimidines  are  subjected  to  re- 
duction, different  intermediate  products  can  theoretically  be  formed  be- 
fore complete  removal  of  the  halogen  is  effected.     For  example,  reduction 
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can  take  place  in  the  2-  or  6-po6itions  of  the  p3rrimidine  ring  with  format 
tion  of  two  isomeric  compounds,  namely,  a  6-chloro-  or  a  2-chloropyiini 
dine  corresponding  to  Formulas  III  and  IV,  respectively.    Which  produd 

N  -  ca. 


/ 

CH  CH 

NH  — CO 

N  -  ca 

N  — CH 

CO   CH  — 

>  ac  CH 

(HI). 

1 

N  -CH 

NH  — CH 

N  — CH 

1 

(I). 

(11).       N 

V  ac  CH 

\ 


/ 


N=CH 

I  I 
CH    CH 

II  II 
N  — CH 

CV). 


II      II 

N  — CH 

(IV). 

will  be  formed  cannot  be  foretold  and,  consequently,  the  structure 
each  reduction  product  must  be  determined  in  each  case  examii 
During  the  course  of  an  investigation  now  in  progress  in  this  lal 
tory,  we  had  occasion  to  apply  such  a  reduction  process  with  2,6-di< 
5-ethoxyp3rrimidine  and  obtained  a  crystalline  monochloro  dertva! 
It  was  not  until  we  undertook  to  establish  experimentally  the  stru< 
of  this  substance  that  we  realized  the  want  of  a  simple  and 
method  of  proving  the  constitution  of  such  compounds.  An  account 
a  new  method  of  proving  structure,  which  fulfils  the  needs  of  our 
is  now  given  below. 

A  dioxyp3nimidine  is  obtained,  by  our  method  of  synthesis,  from 
corresponding  2-thio-  or  2-mercapto-6-oxypyrimidine  by  desulfurizal 
with  boiling  chloroacetic  acid  or  strong  hydrochloric  add.    For 
2-ethylmercapto-5-ethoxy-6-ox3rpyrimidine^    (VIII)    and    the    5-eth< 
uracil*  (IX)  represent  such  a  pair  of  compounds  and  the  latter  is 
prepared  from  the  mercaptop3rrimidine  by  the  action  of  chloroacetic 
Both  of  these  p3rrimidines  interact  with  phosphorus  halides  to  form 
corresponding  chlorides  (XI)  and  (X).    The  mercaptohalide  (XI) 
been  described  by  Johnson  and  McCollum'  and  the  dihalide  (X) 
Johnson  and  Guest.  ^    We  now  find  that  this  mercaptopyrimidine 
undergoes  reduction  smoothly  with  zinc   dust  in  dilute  alcohol, 
the  reduced  pyrimidine  (XIV),  and  it  is  on  this  observation  that 
method  of  proving  structure  is   based.    The   dichloropyrimidine 
is  reduced  according  to  the  same  procedtu'e  giving  an  excellent  3add 
a  monochloro  compound.    With  this  data  in  hand  it  was  only  n( 
to  convert  oin-  chloropyrimidine  into  its  corresponding  ethylm< 

^  Johnson  and  McCoUum,  J.  Biol.  Chem.,  a,  441  (1906). 

*  Johnson  and  McColltun,  loc.  cit. 

*  Loc.  cU. 

*  Am.  Chetn.  J.,  42,  284  (1909). 
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ferivative  in  order  to  establish  its  constitution  Either  the  mercapto- 
yyTimidine  p^IV).  or  jts  isomer  represented  by  Formula  VII,  shotdd  be 
iormed.     This  change  we  Lave  now  accomplished.     The  chloropriymidine 
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was  found  to  interact  almost  quantitatively  with  potassium  hydrogen 
sulfide  with  formation  of  the  potassium  salt  of  the  2-thiopyrimidine  repre- 
sented by  Formula  XV.  When  the  latter  was  warmed  with  ethyl  bromide 
in  alcohol  solution  it  underwent  alkylat^on  smoothly,  giving  the  same 
2-ethylmercapto-5-ethoxypyrimidine  (XIV)  as  was  obtained  by  reduc- 
tion of  the  chloride  (XI)  with  zinc  dust.  Therefore,  the  dichlorop)mmidine 
(X)  undergoes  reduction  in  the  6-position  of  the  ring  with  formation  of 
the  2-chloro-5-ethox)rp)rrimidine  (XII).  We  obtained  no  evidence  of 
the  formation  of  any  6-chloro-5-ethoxypyrimidine  (VI).  This  method 
of  proving  constitution  is  characterized  by  its  simpUcity  and  is  apparently 
of  general  application.  The  study  of  pyrimidine  dihalides  will  be  con- 
tinued, and  it  will  be  interesting  to  determine  what  influence  the  charac- 
ter of  the  groupings  substituted  in  positions  4  and  5  will  have  upon  their 
reactivity  towards  reducing  agents. 

Having  shown  that  the  mercaptopyrimidine  (XI)  can  be  reduced  with 
zinc  dust  it  was  important  to  determine  whether  the  reaction  is  applicable 
with  other  mercaptopyrimidines  of  this  type.  We  have  now  investigated 
the  behavior  towards  zinc  dust  of  2-ethylmercapto-6-chlorop3rrimidine^ 
(XVIII),  and  the  corresponding  4-methylp3aimidine*  (XXI),  and  find 
that  both  compounds  are  reduced  smoothly  to  their  corresponding  mer- 
captopyrimidines represented  by  Formulas  XIX  and  XXIII.  In  other 
words,  these  mercaptohalides  behave  in  a  similar  manner  towards  zinc 
dust  as  their  corresponding  2-anilino-  and  2-methylamino  representatives, 
which  have  been  investigated  by  Johnson  and  Heyl'  and  Johnson  and 
Mackenzie.^ 

It  is  of  interest  to  note  here  that  Wheeler*  observed  that  2,6-dichoro- 
p)rrimidine  (II)  is  reduced  by  hydriodic  acid  and  phosphorus  with  forma- 
tion of  6-oxypyrimidine  (XXIV).  In  this  reaction  the  imido-acid  chloride 
grouping  in  the  1,6  positions  of  the  ring  underwent  hydrolysis,  while  the 
chlorine  between  the  two  nitrogen  atoms  in  position  2  was  removed  by 
reduction.  He  also  made  the  observation  that  2-amino-6-chlorop3rrimi- 
dine  (XXV),  is  reduced  by  zinc  dust  to  the  pyrimidine  (XXVI),  while 
the  isomeric  2-chloro-6-aminopyrimidine  (XXVII)  is  not  changed  by  this 
reagent.  On  the  other  hand  this  p3nrimidine  is  reduced  smoothly  by  the 
action  of  hydriodic  acid  giving  6-aminop3rrimidine  (XXVIII).  Hydriodic 
acid  cannot  be  used  for  the  reduction  of  2-mercaptochloropyrimidines 
because  the  mercapto  radicle  is  destroyed  by  hydrolysis  in  the  presence 
of  this  reagent. 

^  Wheeler  and  Johnson,  Am.  Chem.  J,,  29,  497  (1903);  Wheeler  and  Bristol,  Ibid,, 
33,  450  (1905). 

*  Johns,  Am.  Chem.  J.,  40,  351  (1908). 
'  Am.  Chem.  J.,  38,  236  (1907). 

*  Ibid.,  42,  355  (1909). 

*  /.  Biol,  Chem,,  3,  289  (1907). 
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^2-Mercaptop3rrimidines  caii  be  obtained  by  condensation  of   i>3-di- 
les  with  pseudothioureas.    Wheeler^  and  Jamieson  prepared,  for  ex- 
)le,  2-methylmercapto-4,6-dimethylpyrimidine  (XXIX)  by  condensing 
lylpseudothiourea   with    acetylacetone.    The   yield,    however,    was 
24.4%  of  the  theoretical.    It  has  been  our  experience  that  this  method 
synthesis  is  limited  in  its  application.     Many  of  the  1,3-diketones 
extremely  difficult  to  obtain  in  quantity  and  many  of  them,  which 
have  examined,  have  failed  to  condense  with  pseiidoureas.    By  re- 
of  the  mercaptochlorides  it  should  be  possible  to  obtain  new 
idine  combinations  which  it  would  be  practically  impossible  to  syn- 
easily  by  other  known  methods.    Certain  tmknown  representatives 
dass  of  pyrimidines  should  be  very  valuable  for  further  importaQt 


{-Diketones  of*  the  type  of  acetylacetone  condense  with  urea  and 
giving  the  corresponding  2-keto-  and  2-thiopyTimidines*  pCXX 
XXXI).  CompUcations  are,  however,  met  with  here  tmless  special 
litions  are  adopted,  and  a  new  method  of  synthesizing  these  types  of 
ids  is  desirable.  It  seems  not  improbable  that  their  preparation 
the  2-mercaptopyrimidines  will  prove  to  be  a  feasible  method, 
and  Jamieson*  have  shown  that  2-methylmercapto-4,6-dimethyl- 
ddine  pCXIX)  is  convertible  into  2-oxy-4,6-dimethylpyrimidine 
1),  by  hydrolysis  with  hydrobromic  acid.  We  now  find  that  the 
lylmercaptopyrimidine  represented  by  Formula  XIX  is  transformed 

*  Am.  Chem,  J.,  32,  356  (1904);  Hale,  Tms  Journal,  37,  594  (1915). 

'£▼8X18,  /.  ^aki.  Chem.,  [2]  48,  489  (1893);  de  Haen,  Rec.  trav.  chim.,  2%  168 

I);  Hale,  Tms  Journal,  36,  104  (1914);  37i  594  (1915);  37f  i544  (1915). 

^Loc.cU. 


^ 
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into  the  hitherto  unknown  2-oxypyrimidine  (XXII),  by  hydrcdysis  iril 
hydrochloric  and  also  hydrobromic  acid.  The  isomeric  G-oxjrpjrri 
(XXIV)  has  been  described  by  Wheeler^  and  was  prepared  by  reduct 
of  2,6-dichloropyriniidine  (II),  with  hydriodic  add,  and  also  by  the  h 
action  of  2-thiouracil  (XXXII)  with  hydrogen  peroxide.  Wh< 
ketone  (XXIV)  was  a  basic  substance  melting  at  164-165^,  and  was  dai 
acterized  by  its  great  solubiUty  in  water  and  alcohol.  2-Ketopyriixiifi 
(XXII)  in  likewise  a  basic  pyrimidine  and  forms  stable  salts  with  h3niH 
chloric  and  hydrobromic  adds.  The  free  base,  however,  does  not  nl 
below  300°  and  is  insoluble  in  water  and  the  common  organic  reagcal 

N  »  CCH,  N=CCH,  1 

I  I  HBr  I  I 

CHjSC       CH         — ►  CO       CH 


II  II 

N  —  CCH,  NH  —  CCH, 
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This  investigation  of  2-keto  and  2-thiopyrimidines  will  be  coni 
We  shall  also  continue  oiu*  work  on  the  reduction  of  mercapt 
pyrimidines,  and  their  corresponding  oxygen  compounds,  of  which 
compound  (XXXIII)  is  a  t3rpical  representative. 

N  «  CC! 


CHiOC       CH 


N  — CH 

(XXXIII). 

Experimental  Part. 

2-Ethylmefcapto-5-ethoxy-6-ozyp7Timid]ne   (VIII). — This  m^ 
pyrimidine,  which  was  used  in  this  investigation,  was  prepared  by 
densing    ethyl     a-ethoxy-/S-hydroxylacrylate   with    pseudoethylt 
according  to  the  directions  of  Johnson  and  McCollum.^ 

3,6-Diozy-5-ethozypyrimidine    (IX). — ^This    pyrimidine    was 
smoothly  by  digesting  50  g.  of  the  above  mercaptop)mmidine  with 

>  Loc.  cit. 
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g.  of  chloroaoetic  add  (2  molecular  proportions)  in  200  cc.  of  water  for 
6  hours.  Ethylmercaptan  was  evolved  copiously  with  gradual  solution 
of  the  mercaptopyrimidine.  After  the  reaction  was  complete  the  aqueous 
solution  was  filtered  quickly  and  cooled,  when  the  diox3rp3rrimidine  crys- 
tallized out.  It  melted  at  275^  with  decomposition  and  the  3rield  was 
35  g.  or  90%  of  the  theoretical.  This  pyrimidine  has  previously  been 
prepared  by  Johnson  and  McCoUum^  by  hydrolyzing  the  mercaptopyrimi- 
dine Mrith  hydrochloric  acid.  Its  formation,  however,  was  not  smooth 
under  such  conditions  and  the  3rield  was  small,  due  to  the  formation  of  the 
corresponding  hydroxy  compound — ^isobarbituric  add.  None  of  the 
latter  is  formed  when  the  hydrolysis  is  effected  with  chloroacetic  add. 

2-Efhylmercapto-5-ethozy-6-chloropyriniidme  (XI)  was  prepared  ac- 
cording to  the  directions  of  Johnson  and  McCollum^  by  the  action  of  an 
excess  of  phosphorus  oxychloride  on  the  above  mercaptopyrimidine. 
It  was  purified  by  distillation  tmder  diminished  pressure  and  the  yidd 
^'^^^  ^5%  oi  the  theoretical. 

2,6-I>ichloro-5-efiioxyp7rimidine  (X). — ^Thirty-four  grams  of  2,6-dioxy- 
5-ethoxypyrimidine  were  placed  in  a  distilling  flask  with  140  g.  of  phos- 
phorus oxychloride  and  the  mixture  heated  at  120-130**  for  3  hours. 
The  resulting  dark-colored  liquid  was  then  subjected  to  distillation  tmder 
diminished  pressure  and  the  excess  of  phosphorus  oxychloride  removed 
by  heating  at  100°.  The  crude  chloride  was  then  poured  upon  crushed  . 
ice  to  destroy  any  phosphorus  halide  present  and  the  pyrimidine  ex- 
tracted with  ether.  The  yidd  was  37  g.  or  90%  of  the  theoretical.  The 
mdting  point  of  this  compotmd  is  5 1  °  and  not  41-2  °  as  previously  recorded.* 
This  p)rriniidine  is  insoluble  in  water  and  is  not  decomposed  by  boiling 
water.  If  a  strong  add  is  present  (HCl)  hydrolysis  takes  place  at  once 
and  the  dioxyp3rrimidine  is  formed. 

Reaction  Applied  with  a-Ethylmercapto-s-ethozy-d-chloropyTimidine 
(XI). — (i)  Action  of  Chloroacetic  Acid:  This  pyrimidine  is  not  desul- 
furized  smoothly  by  digestion  with  chloroacetic  add.  Three  grams  of 
the  p3rriniidine  were  mixed  with  3  g.  of 'chloroacetic  add  (2  molecular 
proportions)  in  50  cc.  of  water  and  the  mixture  heated  for  several  hours 
at  130-150°.  No  mercaptan  was  evolved  and  the  liquid  assumed  a  dark 
color  indicating  decomposition.  On  cooling,  a  black,  viscous  product 
was  obtained,  from  which  no  definite  compotmd  could  be  isolated. 

(2)  Reduction  with  Zinc  Dust:  A  mixture  of  lo  g.  of  the  mercapto- 
chlorop3rrimidine,  25  g.  of  zinc  dust,  75  cc.  of  water  and  75  cc.  of  95% 
alcohol  was  boiled  under  a  refltix  condenser  for  3  hotu's.  Frequent  agita- 
tion of  the  mixture  is  essential  in  order  to  prevent  caking  of  the  zinc  on 
the  bottom  of  the  flask.    When  the  reduction  was  complete  the  tmchanged 

'  Loc,  cU, 

*  Johnson  and  Guest,  loc,  cit. 
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zinc  was  separated  by  filtration  and  the  excess  of  alcohol  and  water 
moved  by  heating  at  100°  under  diminished  presstire.    A  dark- 
oil  separated.    This  was  extracted  with  ether  and  the  solution  dried  01 
calcitun  chloride  (aqueous  filtrate  was  saved) .    After  removal  of  the  so2v< 
the  pyrimidine  was  obtained  as  an  oil  which  soon  solidified.     It  was 
fied  by  crystallization  from  petroleum  ether  and  separated  in  the  f( 
of 'thin,  transparent  plates  or  prisms,  which  melted  at  31-32**  to  a 
oil.    The"  jrield  was  6.0  g.  or  71%  of  the  theoretical.    The  com] 
was  identified  as  z-ethylmercapto-s-eilwxy pyrimidine  (XIV). 

Calc.  for  CgHitONsS:  N,  15.19     Pound:  N,  15.19,  15. zo. 

This  pyrimidine  is  soluble  in  ether,  benzene  and  alcohol  and  insoli 
in  water.  The  compound  is  a  weak  base,  dissolving  in  adds  and  is 
precipitated  by  alkali.  It  forms  a  stable  hydrochloride  which 
undergoes  hydrolysis  in  the  presence  of  water.  Molecular  weig^ht 
termination  in  benzene  solution  by  the  cryoscopic  method: 

Calc.  for  CtHiiONtS:  M.  W.,  184.    Found:  M.  W.,  180  and  182. 

After  the  extraction  of  the  above  pyrimidine  with  ether,  the  aqu< 
filtrate  was  made  strongly  alkaline  with  concentrated  sodium    Iiy< 
solution.    Sufficient  alkali  was  added  to  dissolve  the  precipitated 
hydroxide,  when  we  obtained  an  insoluble,  crystalline  precipitate, 
was  separated  by  filtration,  washed  with  water  and  finally  cry< 
from  dilute  alcohol.     It  separated  from  this  solvent  in  the  form  of  bun< 
of  needles.    The  yield  was  0.6  g.    This  compound,  whose  structure 
not  been  established,  was  insoluble  in  alkali  solutions  and  cold 
and  soluble  in  alcohol  and  hot  water.     It  crystallized  from  dilute  al< 
in  beautiful  needles  which  melted  at   126-127°.     Molecidar  weight 
terminations  in  benzene  solution  by  the  cryoscopic  method   gave 
values  202  and  204.    Whether  we  are  dealing  here  with  a  stereoisomer 
?-ethylmercapto-5-ethoxypyrimidine    or    a   different   reduction    pi 
remains  to  be  established. 

Attempts   were    made    to   reduce    2-ethylmercapto-5-ethoxy-6-chI< 
pyrimidine  (XI)  by  digesting  with  zinc  dust  in  the  presence  of  boij 
water,  but  under  no  condition  could  a  smooth  reduction  be  effc 
The  pjrrimidine  underwent  partial  decomposition  with  evolution  of 
captan  and  tarry  products  were  formed  with  production  of  very 
yields  of  the  reduced  pyrimidine  (XIV),  melting  at  31-32®. 

Hydrochloride  of  2-Ethylmercapto-5-ethozypyrimidine. — ^This  is 
prepared  by  saturating  an  ether  solution  of  the  pyrimidine  with  h] 
chloric  acid  gas.    It  separated  as  stout  prisms  which  melted  at  120-121 

Calc.  for  CgHuONiS.HCl:  N,  12.69.    Pound:  N,  12.64,  12.76. 

Platinum  Salt. — Prepared  by  adding  chloroplatinic  add  to  a  h] 
chloric  add  solution  of  the  mercaptopyrimidine.     It  crystallized  in  g61( 
yellow  prisms  which  melted  at  165-166°. 
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Calc.  for  (CtHuONtS)j.HiPtCU:  Pt.  24.86.    Pound:  Pt,  25.09. 

Action  of  Chloroacetic  Acid  on  a-Ethj^ercapto-s-efhoxypyrimidine 

(XIV). — One  gram  of  the  mercaptopyrimidine  and  i  g.  of  the  halogenated 
add  were  heated  together  in  an  oil  bath  for  lo  hours.  No  mercaplan 
was  evolved.  One  gram  more  of  chloroacetic  add  was  added  and  the 
heating  continued  for  8  hours.  Still  no  mercaptan  was  evolved.  Water 
was  then  added  and  the  solution  extracted  with  ether.  On  evaporating  the 
ether  the  unaltered  mercaptopyrimidine  melting  at  31-32°  was  recovered. 

Digestion  of  2-Ethylmercapto-5-ethozypyrimidine  with  Zinc  Dust — 
One  gram  of  the  pyrimidine  was  digested  in  a  mixture  of  25  cc.  of  water 
and  25  cc.  of  alcohol  with  i  g.  of  zinc  dust  for  one  hour.  No  further  re- 
duction was  accomplished  by  this  treatment  and  the  unaltered  p3aimidine 
was  recovered. 

Action  of  Alcoholic  Ammonia  on  2-Efhylmercapto-5-efhozypyrimidine. 
—Two  grams  of  the  pjoimidine  were  sealed  in  a  bomb  tube  with  30  cc. 
of  strong  alcoholic  ammonia  (sattirated  solution)  and  the  mixture  then 
heated  at  100°  for  24  hotu^.  After  coohng,  and  opening  of  the  tube 
there  was  no  odor  of  mercaptan.  The  tube  was  sealed  again  and  heated 
for  10  hours  at  130-150®.  Under  these  conditions  there  was  no  reaction. 
The  contents  of  the  tube  were  again  heated  for  4  hours  at  140-170°  and 
finally  for  10  hours  at  175-185°.  After  this  vigorous  treatment  there  was 
no  formation  of  mercaptan  and  the  pyrimidine  was  recovered  unaltered. 

Reduction  of  2|6-Dichloro-5-efiiozypyiiniidine  (X)  with  Zinc  Dust: 
a-Chloro-5-ethozypyrimidine  (XII). — ^Twenty  grams  of  the  dichloro- 
pyrimidine  and  40  g-.  of  zinc  dust  were  suspended  in  a  mixttu-e  of  loo.o 
cc.  of  alcohol  and  loo.o  cc.  of  water.  This  was  then  heated  to  boiling 
for  1.5  hotu^  and  the  unchanged  zinc  separated  by  filtration.  After 
removing  the  alcohol  by  heating  under  diminished  pressure,  the  mono- 
chlorop)rrimidine  separated  in  a  crystalline  condition.  The  yield  was 
13  g.  or  80%  of  the  theoretical.  It  was  observed  that  the  best  results 
were  always  obtained  by  using  a  large  excess  of  zinc  dust  and  digesting 
for  a  limited  period  with  equal  parts  of  water  and  alcohol.  A  smaller 
proportion  of  zinc  was  tried,  as  was  also  longer  boiling,  but  the  )rieids 
of  monochloropyrimidine  were  ^ot  so  good.  An  attempt  to  reduce  the 
dichloropyrimidine  to  its  monochloro  derivative  by  digestion  with  zinc 
dust  and  acetic  acid  was  unsuccessful.  This  new  pyrimidine  is  soluble 
in  ether,  alcohol  and  benzene  and  also  in  acids.  It  is  insoluble  in  alkalis 
and  in  water.  It  can  best  be  recrystallized  from  dilute  alcohol  and 
separates,  on  cooling,  in  thin,  transparent  plates,  which  melt  at  70° 
to  an  oil.  The  compound  possesses  no  odor,  but  is  characterized  by  its 
peculiar  effect  when  placed  on  the  tongue.  A  cooling  sensation  is  ex- 
perienced and  in  small  quantities  it  has  a  sweet  taste. 

Calc.  fo^C«H70NtCl:  N,  17.66.    Pound:  N,  17.65,  17.70. 
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Action  of  Potassiuin  Hydrogen  Sulfide  on  2-Chloro-5Hethoz]rpyzimU 
wifli  Formation  of  2-Thio-5-ethoz3rpyrimidine  (XV). — Bight  and  f< 
tenths  grams  of  potassium  hydroxide  were  dissolved  in  60  oc.  of  9^ 
alcoh(ri  and  the  solution  thoroughly  saturated  with  hydrogen 
Six  grams  of  the  2-chlorop3rrimidine  were  then  dissolved  in  the  solut 
and  the  mixture  heated  on  the  steam  bath  for  5  hours.     It  was 
cooled  and  the  potassium  chloride  separated  by  filtration.     The  sdut 
was  evaporated  to  dryness  to  remove  the  alcohol  and  the  yellow 
acidified  with  dilute  hydrochloric  add,  when  the  2-th]0-5-ethox3rpyrimi( 
(XV)  separated  as  a  bright,  golden-yellow  solid.     It  was  purified  by 
tailization  from  about  ^o  parts  of  glacial  acetic  add  and  separated  in 
yellow  columns.    They  melted  at  192-193®.    The  yidd  of  crude  materii 
was  5  g.     This  pyrimidine  is  sparingly  soluble  in  alcohol  and  ben: 
insoluble  in  water,  ether  and  add  solution  (HCl).    When  digested 
basic  lead  acetate  solution,  or  mercury  oxide  suspended  in  water,  met 
sulfides  are  formed.    The  p3rrimidine  dissolves  in  alkaline  solutions 
is  repredpitated  by  addition  of  adds. 

Calc.  for  C«HtONtS:  N,  17.95.    Found:  N,  17.85,  17.83. 

After  crystallization  of  this  p3rrimidine,  the  acetic  add  filtrates 
diluted  with  water,  when  a  small  amotmt  of  crystalline  material  separal 
After  crystallization  from  dilute  alcohol  this  substance  melted  com 
at  .125^.     It  gave  a  strong  test  for  sulftu:.     It  was  insoluble  in  both 
and  alkalis,  indicating  one  of  the  two  sulfides  bdow  (A  and  B).     Nil 

CH=N         N  =  CH  CH=N  N«CH 

I  I  I         I  I  I       '  I  I 

CJHK>C  C-^&— C       COCHs         C2H»0.C  C--S--&— C        COCH, 

II  II  II        II  II  II  II         11 

CH  — N  N  — CH  CH  — N  N  —  CH 

(A).  (B). 

determinations  agreed  with  the  calculated  value  for  the  disulfide  B. 

Calc.  for  CuHi40sN4Ss:  N,  17.90.    Found:  N,  17.87,  18.01. 

Conversion  of  2-Thio-5-ethozypyrimidine  into  2-£thylmi 
etfaozypyrimidine  (XIV), — ^Two  and  five- tenths  grams  of  the  thiop] 
dine  were  converted  into  its  potassium  salt  by  dissolving  the  pyrinii< 
in  75  cc.  of  alcohol  containing  in  solution  i  g.  of  potassium  hydroxi< 
Fifteen  grams  of  ethylbromide  were  then  added  and  the  heating  contini 
for  3  hours.  There  was  an  immediate  reaction  with  separation  of  pol 
slum  bromide.  After  filtering  from  potassium  bromide,  the  alcohol 
evaporated,  when  we  obtained  an  oil,  which  was  insoluble  in  water, 
dissdved  immediatdy  in  ether  and  on  evaporation  of  the  ether,  depositel] 
in  long  prisms  melting  at  31-32^.  It  ytras  identified  as  the  menaipto^ 
pyrimidine  which  has  been  described  in  a  previous  experiment.     A  mii^ 
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ture  of  the  two  substances  melted  at  31  °.     It  formed  a  platinum  salt  which 
melted  at  165-166°. 

Action  of  Chloroacetic  Acid  on  2-Thio-5-ethozyp7rimidine,  s-Ethozy- 
pyrimidine-2-thioglycoIlic  Acid  (XVI). — Two  and  eight-tenths  grams  of 
the  thiopyrimidine  were  suspended  in  a  solution  of  2  g.  of  chloroacetie 
acid  in  50  cc.  of  water.  On  boiling  the  solution  the  pyrimidine  gradually 
dissolved  and  after  heating  for  5  hours  the  reaction  was  considered  com- 
plete. There  was  no  change  of  color.  On  cooling  the  acid  solution,  the 
thioglycollic  acid  separated  in  the  form  of  needles.  They  were  purified 
by  crystallization  from  95%  alcohol  and  melted  at  137-138®  to  an  oil. 
The  yield  was  2.5  g.  The  compound  gave  a  strong  test  for  sulfur  and  was 
soluble  in  alkaline  but  insoluble  in  acid  solutions.  ' 

Calc.  for  CiHioOsNsS:  N,  13.08.     Found:  N,  13.02,  13.3. 

Attempts  to  Hydrolize  the  Thioglycollic  Acid  by  Digesting  with  Hydro- 
chloric Acid. — One  and  five-tenths  grams  of  the  thioglycollic  acid  were 
digested  with  hydrochloric  acid  (50  cc.  concentrated  acid)  for  3.5  hours. 
The  mixture  assumed  a  dark,  reddish  brown  color.  The  acid  was  removed 
by  evaporation  and  the  residue  neutralized  with  sodium  hydroxide  to 
destroy  any  hydrochloride.  After  evaporating  to  dryness  again,  the  resi- 
1  due  was  then  extracted  with  alcohol  and  benzene,  but  nothing  but  tarry, 
\  indefinite  products  were  obtained.  The  pyrimidine  had  apparently  under- 
gone complete  decomposition. 

The  experiment  was  repeated  using  10%  hydrochloric  acid.  After  boil- 
ing for  4  hours,  the  solution  was  evaporated  under  diminished  pressure 
and  the  residue  triturated  with  pure  water.  The  unaltered  pyrimi- 
dine was  recovered  in  a  crystalline  condition.  It  crystallized  from  alcohol 
and  melted  at  137-138°. 

2,5-Diethozyp3rrimidine    (XIII). — This    pyrimidine   was   prepared   by 
interaction  of  2-chloro-5-ethoxypyrimidine,  in  alcohol,  with  the  required 
amount  of  sodium  ethylate.     The  reaction  was  rendered  complete  by  heat- 
mg  for  one  hour  on  the  steam  bath.     After  filtering  off  the  sodium  chloride 
and  evaporating  the  alcohol  under  diminished  pressure  at  40°,  the  pyrimi- 
dine was  then  extracted  with  ether  and  the  solution  dried  over  sodium 
sulfate.     Calcium  chloride  could  not  be  used  because  it  formed  a  doublfe 
combination  with  the  pyrimidine.     After  removal  of  the  ether  we  obtained 
18  g.  of  the  pyrimidine  which  boiled  at  142°  imder  a  pressure  of  24  mm. 
This  compound  crystallizes  in  beautiful,  large,  transparent  plates,  which 
melt  at  19°.     One  of  the  crystals  measured  1.375  inches  on  its  longest  axis 
and  was  0.125  inch  in  thickness.    The  pyrimidine  is  insoluble  in  water 
and  alkaline  solutions  but  soluble  in  concentrated  acids,  ether,  alcohol 
and  benzene.     It  forms  a  hydrochloride  which  is  easily  hydrolized  by  mois- 
ture, and  also  forms  an  insoluble  platinum  salt. 

Calc.  for  C8H12O2N2:  N,  16.66.     Found:  N,  16.73,  16.50. 
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Hydrochloric  Acid  Salt. — ^This  was  prepared  by  saturating  an  ether  solu- 
tion of  the  base  with  hydrochloric  add  gas.  It  separated  in  the  fonn  d 
colorless  peedles. 

Calc.  for  CsHiiOjNs.HCl:  N,  13.69.    Found:  N,  13.81,  13.71. 

'    Double  Platinum  Salt. — ^This  crystallizes  in  golden-yellow  prisms  whidi 
melt  at  176®  with  decomposition. 

Calc.  for  (CgHiiOiNOi.HiPtCU:  Pt,  26.16.    Found:  Pt,  26.12. 

Reduction  of  2-Ethylmercapto-6-chlorop]rrimidine  (XVIII):  a-Ethyl- 
mercaptopyrimidine  (XIX). — ^The  chloropyrimidine  was  prepared  a^ 
cording  to  directions  already  described  in  papers  from  this  laboratory.^ 
Our  product  boiled  at  131-132**  under  20  mm.  pressure  and  at  135**  under 
24  mm.    The  yield  was  84%  of  the  theoretical. 

Fifteen  grams  of  this  chloride,  together  with  25  g.  of  zinc  dust,  were 
placed  in  a  flask  with  75  cc.  of  water  and  an  equal  volume  of  95%  alcohol 
This  mixture  was  then  heated  to  boiling  for  one  hoiu",  the  mixture  being 
shaken  occasionally  to  prevent  caking  of  the  zinc.  During  the  reduction, 
the  odor  of  mercaptan  was  noticeable,  After  the  reduction  was  complete 
the  zinc  was  separated  by  filtration  and  the  filtrate  evaporated  under 
diminished  pressiu'e.  A  dark-colored  oil  separated  as  well  as  a  small 
amotmt  of  crystalline  material  wMch  proved  to  be  tu-adl.  The  latter 
was  separated  by  filtration  and  the  oily  2-mercaptopyrimidine  extracted 
with  ether  and  its  solution  dried  over  calcium  chloride.  After  removal 
of  the  ether  the  oil  was  purified  by  distillation  under  diminished  pressure. 
It  distilled  at  115^  at  20  mm.  presstue.  The  oil  was  colorless  and  was 
characterized  by  its  unpleasant,  pungent  odor.  On  exposiu*e  to  the  air 
it  gradually  assumed  a  dark  color.  The  yield  was  9  g.  or  75%  of  the 
theoretical. 

This  pyrimidine  does  not  solidify  at  o^.  It  possesses  basic  properties 
and  dissolves  in  concentrated  acids.  It  is  soluble  in  ether,  alcohol  and 
benzene,  and  is  insoluble  in  water  and  alkaline  solutions. 

Calc.  for  CeHeNsS:  N.  20.00.    Pound:  N,  19.93,  19.90. 

Hydrochloride. — ^This  was  prepared  by  saturating  an  ether  solution 
of  the  base  with  dry  hydrochloric  acid  gas.  The  salt  separated  in  colorless 
crystals  and  was  dried,  for  analysis  in  a  vacuum  over  sulfuric  acid.  It 
melted  at  98-99®.  The  salt  is  unstable  in  damp  air  and  dissociates  into 
the  free  base  and  hydrochloric  acid. 

Calc.  for  CtHsNjS.HCl:  N,  15.86.    Found:  N,  15.85,  15.87. 

Double  Platinum  Salt. — ^This  salt  deposits  as  clusters  of  golden-yellow 
needles  when  chloroplatinic  acid  is  added  to  a  solution  of  the  base  in  con- 
centrated hydrochloric  acid.     It  melts  at  i66^ 

Calc.  for  (C«H|N,S)i.H2PtCle:  Pt,  28.27.    Found:  Pt,  28.22. 
*  Wheeler  and  Johnson,  Am.  Chem.  J.,  29,  497;  Wheeler  and  Bristol,  Ibid.,  33» 
450  (1905). 
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2-Ozypyiimidme  (ZXII). — ^Seven  grams  of  the  2-mercaptopyrimidme 
were  digested  with  50  cc.  of  concentrated  hydrochloric  acid  for  5.5  hours. 
The  solution  turned  dark  in  color  and  ethyhnercaptan  wias  evolved. 
After  the  reaction  was  complete  the  solution  was  then  evaporated  to  dry- 
ness, when  we  obtained  a  residue  almost  black  in  color,  but  crystalline 
in  appearance.  This  was  dissolved  in  water  and  the  solution  decolorized 
with  bone-coal.  The  latter  was  then  concentrated  until  crystals  began 
to  deposit  when  it  was  allowed  to  stand.  The  hydrochloride  of  the  pyrimi- 
dine  separated.     This  was  piuified  by  crystallization  from  97%  alcohol 

and  melted  at  203-205  ^. 

Calc.  for  C4H4ON1.HCI:  N,  21.13,     Found:  N.  21.13. 

The  hydrobromide  of  the  2-oxypyrimidine  was  obtained  by  hydrolysis 
jof  the  mercaptopyrimidine  with  hydrobromic  acid.  The  hydrolysis, 
!  however,  is  not  so  smooth  as  when  hydrochloric  acid  is  used. 

Calc.  for  C4H40Ns.HBr:  N,  15.82.     Poiind:  N,  15.77. 

The  free  2-oxypyrimidine  can  be  prepared  from  its  hydrochloride  by 
dissolving  the  latter  in  water  and  exactly  neutralizing  the  hydrochloric 
add  with  dilute  sodium  hydroxide  solution.  Under  these  conditions  the 
free  p3aimidine  separated  as  a  light  yellow,  amorphous  substance  which 
did  not  melt  at  320^.  It  possesses  both  add  and  basic  properties.  It 
is  sparingly  soluble  in  water,  alcohol,  benzene  and  acetic  add,  and  prac- 
tically insoluble  in  ether  and  ligroin.  It  is  more  soluble  in  a  solution  of 
ammonitun  chloride  or  ammoniup  bromide  than  in  pure  water. 

2-Bfhylmercapt(>-4-methylp7Timidine  (XXm). — ^The  2-ethylmercapto- 
4-methyl-6-chloropyrimidine  (XXI),  used  in  this  experiment  was  pre- 
pared according  to  the  directions  of  Johns.  ^  Our  product  boiled  at  142** 
under  15  mm.  pressure.  In  order  to  convert  this  into  the  above  pyrimi- 
^c»  25  g.  of  the  chloride  and  50  g.  of  zinc  dust  were  suspended  in  a  mix* 
ture  of  equal  volumes  of  water  and  alcohol  (100  cc.)  and  the  mixture  boiled 
lor  2.5  hours.  The  exoess  of  zinc  was  then  separated  by  filtration  and  the 
solution  evaporated  at  a  temperatiu-e  of  30-40°  under  diminished  pressure. 
The  pyrimidine  separated  as  an  oil,  together  with  a  little  4-methyluracil. 
The  oil  was  dissolved  in  ether,  dried  over  caldum  chloride  and  finally 
distilled.  It  boiled  at  123-124®  at  a  pressure  of  18-19  mm.  It  would 
not  solidify  at  o**.  The  jrield  was  15  g.  or  72%  of  the  theoretical.  This 
compound  has  a  pungent  odor.  It  is  a  basic  substance  and  is  insoluble 
in  alkalis.  It  is  insoluble  in  water  and,  soluble  in  ether,  alcohol  and 
benzene. 

Calc.  for  C7H10N2S:  N,  18.17.    Found:  N,  18.05,  I7-95- 

Hydrochloride. — ^This  crystallizes  in  prisms  which  melt  at  1,41-142**. 
The  salt  is  dissodated  by  water. 

Calc.  for  CtHioNsS:  N,  14.70.    Found:  N,  14.71,  14.86. 
^  Am.  Ckem.  /.,  40,  351  (1908). 
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Double  Platinum  Salt.: — ^This  crystallizes  in  needles  which  melt  ht  165- 
166°. 

Calc.  for  (C7HioNjS)f.HaPtCU:  Pt,  17.17.     Found:  Pt,  27.14,  27.26. 
A  description  of  the  products  obtained  by  hydrolysis  of  this  pyrimidine 
will  be  given  in  a  future  paper. 

N«w  Havsm,  Conn. 


[CONTRIBXTTIONS  FROM  THB  ShBPPIBLD  ChBMICAL  LABORATORY  OP  YALB  UNrVBRSmr.] 

STUDIES  ON  NITRATED  PROTEINS,    n.    THE  SYNTHESIS  OF 

3,5-DINITROTYROSINE.i 

By  Tii9AT  B.  Johnson  and  Edwakd  P.  Kohmann. 
Received  July  13.  1915. 

In  his  paper  entitled  **tJber  das  T)rrosin,"  Stadeler*  states  that  if  special 
precautions  are  not  taken  in  the  preparation  of  mon^-nitrot3rrosine'  from 
t3rrosine,  and  the  proper  proportions  of  nitric  acid,  water  and  tyrosine 
are  not  used,  the  nitrate  of  wwmo-nitrotyrosine  will  not  separate  from  the 
add  solution.     If  such  a  condition  develops  and  the  resulting  solution 
is  allowed  to  stand  and  is  then  evaporated  at  a  low  temperature  a  new 
amino  acid  is  obtained  which  crystallizes  from  boiling  water  in  golden 
yellow  plates.     He  concluded  that  this  add  is  dinitrotyrosine.     The  same 
amino  acic^  is  also  obtained,  according  to  him,  by  treatment  of  numo- 
nitrotyrosine  with  a  mixture  of  equal  parts  of  water  and  nitric  acid  (sp.  gr. 
1.3)  at  ordinary  temperature,  and  then  evaporating  the  add  solution  at 
a  low  temperature.    This  transformation,  however,  was  not  quantitative 
because  of  the  secondary  formation  of  a  large  amount  of  oxalic  add  and 
also  a  secondary  nitrogenous  substance  which  Stadeler  did  not  examine. 
According  to  this  investigator  the  same  dinitro  compound  is  also  formed 
by  saturating  tyrosine,  suspended  in  water,  with  gaseous  nitrous  add. 
Stadeler  described  this  amino  acid  as  a  yellow  compound  which  crystallizes 
in  plates  that  are  difficultly  soluble  in  cold  and  hot  water,  but  easily  soluUe 
in  alcohol  and  moderately  soluble  in  ether.     It  possessed  a  sour  taste 
and  was  characterized  by  the  property  of  staining  the  skin,  linen  and 
other  objects  intensely  yellow.     No  mdting  point  was  assigned  to  the 
compound,  but  Stadeler  states  that  at  100-115**  it  loses  no  wdght,  and 
when  heated  at  a  higher  temperature  decomposes  with  effervescence.     He  J 
found  by  analysis  39.30%  of  carbon  and  3.40%  of  hydrogen  while  the 
calculated  values  for  these  two  dements  are  39.85%  and  3.32%,  respec- 
tivdy.    The    percentage    of    nitrogen    was    not    determined.     StSdekr 

^  Part  of  a  dissertation  presented  by  Mr.  Edward  P.  Kohmann  to  the  PacnltT 
of  the  Graduate  School  of  Yale  University,  19 15,  in  candidacy  for  the  Degree  of  Doctor 
of  Philosophy. 

*  Ann.y  1x6,  82  (i860). 

*  Johnson  and  Kohmann,  This  Journal,  37,  1863  (1915). 
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described  the  potassium,  barium,  ammonium  an'd  lead  salts  of  his  acid 
which  were  all  dark  red  in  color. 

The  only  other  paper  dealing  with  the  chemistry  of  this  amino  add, 
which  has  appeared  since  StMder's  work,  is  that  published  by  Thudicum 
and  Wanktyn*  in  1869  under  the  title:  "Researches  on  the  Constitution 
and  Reactions  of  Tyrosine."  These  investigators  commented  on  the  fact 
that  Stadeler  did  not  determine  nitrogen  in  his  dinitrotyrosine  and  that 
his  analytical  results  therefore  did  not  exclude  the  possibility  of  there 
being  O9  in  the  place  of  an  NO2  group  in  the  formula  of  hi§  supposed 
dhiitrotyrosine  and  called  attention  to  the  fact  that  his  analytical  results 
i«reed  quite  as  well  with  C»H,o(N02)NOe  as  with  C9H9(N02)2N03.  On 
ting  Stadeler's  work  they  failed  in  their  attempts  to  make  dinitro- 
ine  and  concluded  from  the  peculiar  results  obtained  that  St&deler's 
itrotyrosine  was  probably  nothing  but  an  oxidized  t5rrosine.  This, 
prolonged  oxidation,  gave  an  abundant  yield  of  oxalic  acid.  Thudicum 
id  Wankl3m  also  made  the  interesting  statement  that  there  is  no  pro- 
iction  of  picric  add  by  oxidation  of  tyrosine  with  nitric  add.  Further- 
they  were  unable  to  verify  Stadeler's  observation  that  tyrosine 
iteracts  with  nitrous  add  to  form  dinitrotyrosine.  On  the  other  hand, 
y  obtained  a  highly  colored  combination  whose  structiwe  was  not  es- 
ilished. 

In  connection  with  our  investigations  on  nitrated  proteins,  it  was 

xy  to  determine  tmder  what  conditions  dinitrotyrosine  is  formed 

the  action  of  nitric  add  on  tyrosine,  and  also  to  establish  definitdy 

It  positions  in  the  benzene  nucleus  are  occupied  by  the  two  nitro  groups. 

first  attempts  to  prepare  the  add  were  imsuccessful,  notwithstanding 

fact  that  Stadeler's  directions  were  followed  as  dosely  as  possible. 

no  case  did  we  obtain  evidence  of  its  formation.     If  the  nitric  add 

ition  was  allowed  to  evaporate  spontaneously  at  ordinary  tempera- 

t,  or  at  higher  temperatures,  a  mixture  of  oxalic  add  and  mononitro- 

ane  was  always  obtained.    Too  energetic  treatment  led  exdusively 

the  production  of  oxalic  add.     In  other  words,  nitrotyrosine  was  com- 

ly  oxidized  by  vigorous  treatment,  and  it  consequently  seems  very 

ibtful  whether  dinitrotyrosine   was   actually   obtained   by   Stadder. 

We  now  find,  that  while  the  employment  of  nitric  add  alone  does  not 

to  the  smooth  formation  of  dinitrotjrrosine,  on  the  other  hand,  its 

ithesis  can  easily  be  accomplished  by  nitration  of  tyrosine  with  a  mix- 

of  concentrated  nitric  and  sulfuric  adds.     Under  proper  condi- 

J,  which  are  discussed  in  detail  in  the  experimental  part  of  this  paper, 

add  can  easily  be  obtained  in  excdlent  jddds.  '  Our  amino  add  differed. 

Its  chemical  behavior,  in  many  ways  from  that  described  by  Stadder. 

states  that  his  add  wotdd  not  form  a  hydrochloride.     Our  acid,  on 

^  /.  Chem.  Soc.,  aa,  283  (1869). 
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the  other  hand,  forms  smoothly  such  a  salt.  According  to  him  dinitio- 
tyrosine  is  soluble  in  alcohol  and  also  ether,  whereas  our  add  was  found 
to  be  only  very  slightly  soluble  in  alcohol  and  practically  insoluble  in  ether. 
Our  add  possessed  no  definite  mdting  or  decomposition  point. 

Stadeler  published  analytical  results  agreeing  with  the  calculated  value 
for  an  anhydrous  add,  and  states  that  his  product  lost  no  weight  when 
heated  at  115^.  We  now  find  that  dinitrotyrosine  oystallizes  with  one 
molecule  of  water  which  is  expelled  from  the  add  by  heating  at  abont 
140^.  In  the  hydrated  condition  the  add  is  bright  yellow  in  cdar, 
but  when  dehydrated  assumes  a  bright  red  color.  This  is  one  of  the  most 
characteristic  properties  of  this  add  and  serves  for  its  identificaticn.. 
Prom  the  above  data  we  are  forced  to  condude,  therefore,  that  Stadekr- 
was  dealing  with  some  other  substance,  or,  what  seems  most  probabk, 
impure  mononitrotyrosine. 

The  constitution  of  our  dinitrotyrosine  was  established  in  the  {oUawiBf 
manner:  The  free  amino  add  was  first  condensed  with  ammonium  thio- 
cyanate  in  acetic  anhydride  solution  according  to  the  method  of  Johnson 
and  Nicolet^  and  converted  into  the  corresponding  thiohydantoin  repre- 
sented by  Formula  IV.  The  latter  compotmd,  on  digesting  with  an  ezcesi 
of  25%  chloroacetic  add,  was  easily  desulfurized  and  converted  into  the 
corresponding  hydantoin  (V).  The  yidd  was  excellent.  This  dinitro- 
hydantoin  (V)  was  then  reduced  and  converted  into  the  hydrochloride 
of  the  diaminohydantoin  represented  by  Formida  VI.  The  latter,  after 
diazotization,  was  then  digested  with  cuprous  chloride  (Sandmeyer's 
reaction)  and  transformed  into  the  corresponding  dichlorohydantois 
corresponding  to  Formula  VII.  This  dichlorohydantoin  proved  to  be 
identical  in  every  respect  with  the  hydantoin  of  3,5-dichlorotyrosiiM^ 
which  has  previously  been  described  in  a  paper  from  this  laboratory  by 
Wheeler,  Johnson  and  Hoffmann.^  Therefore,  tyrosine,  when  it  interacts 
.with  nitric  acid  in  the  presence  of  sulfuric  acid,  undergoes  nitration  wHk 
substitution  in  the  two  positions  ortho  to  the  hydroxyl  group  giving  j^j-diniiro* 
tyrosine  represented  structurally  by  Formula  III.. 

These  various  changes  are  represented  by  the  structural  formahi 
bdow. 

It  is  a  well-known  fact  that  diortho-snhstituted  tyrosines  like  3,5 
iodotyrosine  (iodogorgoic  add)   (VIII)  and  the  corresponding  dibr 
and  dichloro-adds  (IX  and  X)  fail  to  give  Millon's  reaction.     It 
therefore,  of  espedal  interest  to  determine  whether  dinitrotyrosine 
would  conform  to  this  behavior.     We  now  find  that  it  does  not  give 
test.    This  observation  is  of  interest  and  points  to  the  conduskm  tkit 
the  production  of  the  red  color  does  not  involve  a  nitration  of  tyrooot 

*  This  Journal,  33,  1973  (191 1). 
'  J.  BioL  Chem.,  10,  147  (191J). 
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by  the  Millon  reagent.  The  chemistry  of  this  reaction  will  receive  fur- 
tiier  attention  in  a  later  publication.  In  otir  first  paper  on  nitrated 
proteins^  attention  was  called  to  the  fact  that  Loew  examined  the 
behavior  of  nitric  add  and  mixttires  of  nitric  add  and  stdf  mic  adds  towards 
protems*  He  made  the  observation  that  the  proteins  used  failed  to  re- 
l|Kmd  to  Millon's  test  after  such  a  treatment.^  Moreover,  it  was  noted 
wat  in  one  case  mononitrotyrosine  was  obtained  by  hydrolysis  of  a  ni- 
ttated  protein  (nitro-fibroin).'  Does  this  mean  that  when  proteins  are 
Bubjected  to  vigorous  nitration  that  the  t)n-osine  in  converted  largely  into 
*dinitrotyrosine?    Fiuthermore,  if  it  is  formed,  is  it  the  precursor  of  picric 

'  Jdmson  and  Kohmann,  loc.  cU. 

*l/3nm,  J.  prakt.  Chem.,  [2]  3,  180. 

'Iiionyc,  Zeit,  physiol,  Chem,,  73,  486  (191 1). 
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acid,  which  Welter^  first  obtained  by  vigorous  treatment  of  the  silk  pnh 
teins  with  strong  nitric  acid?  Our  researches  on  nitrated  proteins  wl 
be  continued,  and  will  include  a  study  of  pol3rpeptide  combinations  d 
nitro-  and  dinitrotyrosine  (II  and  III). 

Experimental  Part. 

OH 
NO/'^     iNOi 

SyS-Dinitrotyrosine,         |^    J  . — After  several  pi^; 

CH,.CH(NH,)COOH.H,0 
liminary  experiments  the  following  procedure  was  finally  adopted 
the  preparation  of  this  interesting  amino  acid:    First,   an  acid  mix 
is  prepared  by  combining  22  g.  of  pure  concentrated  sulftuic  acid 
3  g.  of  concentrated  nitric  acid.    This  mixture  is  then  cooled  to 
and  2  g.  of  finely  pulverized  tyrosine  added  slowly  in  small  portions  wl 
the  solution  was  constantly  stirred  and  the  temperature  kept  below  ro 
It  is  not  advisable  to  nitrate  more  than  2  g.  of  tyrosine  at  a  time 
these  should  be  added  to  the  acid  as  rapidly  as  possible.     A  com 
solution  of  the  t5a"osuie  is  not  effected  by  the  operation  and  after 
addition  of  the  acid  the  mixtm*e  is  then  poured  immediately  into  wai 
This  operation  was  repeated  six  times  and  the  combined  solutions  worj 
for  dinitrotyrosine.    In  order  to  isolate  the  free  acid,  the  sulfuric  add 
exactly  precipitated  as  barium  sulfate  and  the  barium  free  filtrate 
made  distinctly  alkaline  with  ammonia  and  the  resulting  solution 
evaporated  to  dryness,  by  heating  at  60**  under  diminished  pressure, 
treating  the  resulting  residue  with  about  25  cc.  of  cold  water  the  dinii 
tyrosine  is  obtained  in  the  form  of  a  bright  red  ammonium  salt  m 
soluble  in  water.     In  order  to  obtain  the  free  acid  this  salt  is  decomi 
with  a  little  dilute  hydrochloric  acid  and  the  dinitrotyrosine 
in  boiling  water.     It  is  well  to  digest  with  bone-coal  here  to  clarify 
solution.     On  cooling,  the  dinitrotyrosine  crystallizes  in  beautiful,  gol 
yellow  plates  containing  water  of  crystallization.     Prom  12  g.  of 
we  obtained  6  g.  of  pure   dinitrotjo-osine.     Especially  characteristic 
the  behavior  of  this  acid  when  heated.    When  heated  at  140-150®  it 
its  water  of  crystallization  and  assumes  a  brick-red  color.     At  220-2, 
it  decomposes  with  effervescence.    The  acid  does  not  lose  its  water 
crystallization  when  heated  at  1 10°  as  was  shown  by  the  following  ni 
determination: 

Calc.  for  C»H»07Na.H20:  N,  14.51.     Pound:  N,  14.47. 

When  dried  to  constant  weight  at  150^  the  following  results  were  ob 
I.    0.4022  and  0.3714  g.;  lost  0.0260  and  0.0237  g.  HiO. 
Calc.  for  CtH,07Ni.Ht6 :  H,0,  6.23.    Pound:  HA  6.47,  6.38. 

^  Ann.  chim,,  29,  301  (1796). 
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Nitrogen  determixiations  in  the  anhydrous  add: 

Calc.  for  CtHtOrNi:  N,  15.50.    Found:  N,  15.45,  15.36. 

The  Behavior  of  Dinitrotyrosine  towards  Millon's  Reagent. — ^This 
amino  acid  does  not  give  a  red  color  vrith  Millon's  reagent,  but  when 
boiled  with  the  reagent  is  converted  into  a  characteristic  insoluble  mercury 
salt.  It  can  be  prepared  as  follows:  To  a  boiling  Millon's  solution  is 
added  an  equal  volume  of  a  hot,  sattu'ated,  aqueous  solution  of  the  amino 
add  when  there  immediately  separates  the  yellow  mercury  salt.  This 
is  separated  by  filtration,  washed  with  nitric  add  and  dried  for  analysis 
in  the  air.  The  salt  is  insoluble  in  the  common  solvents.  It  begins  to 
decompose  at  170*^  and  effervesces  at  185**.  This  salt  was  not  exstoined 
further  but  will  receive  attention  at  a  later  period.  It  is  not  improbable 
that  we  may  be  able  to  develop  a  practical  method  for  the  quantitative 
^paration  of  dinitrotyrosine  from  nitrotyrosine  and  tyrosine  by  appli- 
cation of  this  interesting  reaction. 

Calc  for  CtHa07N«.HgN0i:  N,  10.5.    Pound:  N,  10.17,  10.22,  10.13. 

The  Hydrochloride  of  Dinitrotyrosine,  C7H90»Nt.HCl.— This  salt  is 
prepared  by  dissolving  dinitrotyrosine  in  hydrochloric  add  and  then 
adding  to  the  solution  strong  hydrochloric  acid.  It  separates  in  the  form 
of  bright  yellow  plates  which  begin  to  darken  at  220°,  when  heated  in 
a  capiUaiy  tube,  and  decompose  at  230*^  with  eflfervescence.  The  salt 
dissolves  in  water  and  is  predpitated  by  dilution  with  concentrated  hydro- 
chloric add.  The  hydrochloride  of  ^nitrot3n'osine  is  characterized  by 
similar  properties.     For  analysis,  the  salt  was  dried  at  1 10^. 

Calc.  for  CfHt07Nt.HCl:  N,  13.60.    Found:  N.  13.51. 

Ammonitim  Salt  of  Dinitrotyrosine. — ^This  is  prepared  by  dissolving 
the  add  in  a  small  volume  of  warm  ammonia  solution  and  then  diluting 
this  with  strong  aqueous  ammonia.  On  allowing  the  solution  to  cool 
the  salt  finally  deposits  as  beautiful,  red  prisms.  The  salt  decomposed 
when  heated  ab6ve  230°.     It  was  dried  for  analysis  at  i  io°, 

Calc.  for  CtHt07Nt.NH4 :  N,  19.45.    Pound:  N,  19.31,  19.25. 

The  Thiohydantoin  of  SyS-Dinitrotyrosine  (IV). — One  and  two-tenths 
grams  of  dinitrotyrosine,  0.6  g.  of  anhydrous  ammonium  thiocyanate 
and  5.7  cc.  of  acetic  anhydride  were  warmed  on  a  steam  bath  for  one 
hour.  A  dear,  orange-celored  solution  was  obtained  which  was  poured 
into  an  excess  of  cold  water,  when  a  dark-colored  oil  deposited,  which  soon 
solidified.  This  was  separated  by  filtration,  suspended  in  strong  hydro- 
chloric add  and  the  mixture  finally  evaporated  to  dryness  to  hydrolyze 
any  3-acetyl  hydantoin  present.  The  2-thiohydantoin  was  left  behind 
as  a  yellow  powder.  This  was  purified  by  crystallization  from  50% 
acetic  add  and  separated  in  the  form  of  biurs  of  short  prisms.  It  melted 
at  225-230°  with  decomposition.  Prom  3.7  g.  of  dinitrotyrosine  we  ob- 
tained 4  g.  of  crude  hydantoin. 
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Calc.  for  CuH|OiN«S:  N,  17.93.    Found:  N,  17.91. 

4*(3»5~Dii^tro-4-h7drozybenz7l)-hydantoin  (V). — ^This  was  prepared  as 
follows:  I^our  grams  of  the  above  thiohydantoin  were  desulfurized  by 
digesting,  in  an  oil  bath  at  140^,  with  15  g.  of  chloroacetic  acid  and  45 
cc.  of  water  for  6  hours.  A  clear  solution  was  obtained,  from  which  on 
cooling,  2.9  g.  of  the  hydantoin  separated.  This  was  purified  for  analysis 
by  crystallization  from  glacial  acetic  acid  and  separated  in  large  golden- 
yellow  blocks,  which  decomposed  at  235^.  The  hydantoin  is  insoluble 
in  water. 

Calc.  for  CioHt07N4:  N,  18.90.    Pound:  N,  18.65,  18.85. 

Formation  of  4-(3,5-I]|0hloro-4-hydrozybenzyl)-hydantoin  (VII)  from. 
4-(3)5-]lliiiiro-4-hyd]X>jgj^enz7l)-hydantoin  (V).— Two  grams  of  the  hy- 
dantoin of  3,5-dinitrotyJsine  were  reduced  by  warming  with  50  cc.  of 
dilute  hydrochloric  addioid  an  excess  of  tin.    After  the  reduction  was. 
complete  the  excess  of  arid  was  removed  by  evaporation,  400  cc.  of  water 
adde|[  to  dissolve  the  residue  and  the  tin  finally  predpitated  with  hydro- 
gen sulfide.    After  separating  from  tin  sulfide  by  filtration  the  filtrate 
was  then  concentrated  to  a  voltune  of  ia-15  cc.  under  diminished  pressure 
and  finally  dihited  with  10  cc.  of  concentrated  hydrochloric  add.    Two* 
grams  oi^^dium  nitrate  dissolved  in  5  cc.  of  cold  water,  were  then  added 
slowly  vw  keepip;  the  solution  cold.    The  corresponding  diazonium- 
salt  sefAAui  ^  a  yellow  solid.    After  complete  diazotization  the  mix- 
ture was  nW|Kured  into  10  g.  of  strong  cuprous  chloride  solution.     Oil 
heating,  nitrogen  was  evolved.    After  complete  decomposition  of  the  di* 
azonium  compound  and  cooling  the  solution,  a  crystalline  substance  sepa- 
rated.   This  contained  chlorine  and  was  identified  as  the  hydantoin  of 
3,5-dichlorot3n'osine.     It  was  very  soluble  in  alcohol  and  crystallized  bt 
rhombohedral  prisms  which  mdted  at  202-203^.    'A  mixture  of  this  com- 
pound and  a  sample  of  the  hydantoin  of  3,5-dichlorot3rrosine  prepared  by" 
Wheder,  Johnson  and  Hoffmann^  mdted  at  the  same  temperature. 

Calc.  for  CitHtOiNsClt:  N,  10.1.    Found:  N,  9.9. 
NSW  AOBl  Cohm  . 

(Com^TittoNs  now  Att  Shwitxwj)  Cbbucal  Labokatoky  ov  Yalb  UNivsBsxnr.  i 
STUCTJi  OR  NdptATBD  PROTEINS,    m.    THE  COHVERSIOIT 

OF  n|tom  Into  nttro-fibroin  (fibroin>xantho- 

^  PROTBIC  ACID). 

Bt  Tbsat  B.  Jobmsom,  Aktruk  J.  Hiu.  amd  l4tox  P.  O'Raxa. 

Received  Joly  3.  1915. 

In  our  study  of  tMe  chemistry  of  the  xanthoprotdc  reaction  for  pro- 
teins, it  was  apparent  to  us,  after  considering  what  had  already  been  done 
by  previous  investifators  and  also  from  what  we  learned  by  making: 

*  Loc.  cit. 
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several  preUminary  tests  on  our  part,  that  the  success  of  any  research 
dealing  with  the  action  of  nitric  acid  on  proteins  depended  to  a  large 
extent  on  the  selection  of  the  proper  protein  material  for  investigation. 
It  was  necessary  that  the  latter  be  easily  obtainable  in  a  high  state  of 
purity  and  be  composed  of  a  small  number  of  the  characteristic  protein 
a-amino  adds.  After  considering  several  proteins  of  both  animal  and 
plant  origin,  we  decided  that  no  representative  of  this  class  of  natural 
substances,  which  was  available  in  quantity,  fulfilled  so  well  the  essential 
conditions  as  the  characteristic  protein — fibroin.  This  can  be  obtained 
extremely  pure  without  apparent  alteration  of  its  molecular  structiu'e, 
and  practically  constant  in  composition.  According  to  the  best  analyses 
about  70%  of  the  molecule  of  fibroin  from  Italian  silk  is  composed  of  the 
three  a-amino  adds,  namely,  glycocoU,  alanine  and  tyrosine,  which  are 
present  in  the  proportions  of  36,  21  and  10%,  respectively.  This  protein 
is  practically  free  from  histidine,  and  the  presence  of  arginine  has  been 
detected  by  only  two  investigators.^  They  obtained  by  hydrolysis  of  a 
purified  fibroin  about  1.0%  of  its  weight  in  this  amino  add.  Fibroin 
contains  a  small  percentage  of  aspartic  add  and  in  only  one  case  has  it 
been  shown  that  glutaminic  acid  is  present  in  greater  proportion  than 
3'5%  of  the  molecule.*  Canton  and  Italian  silk  fibroin  contain  only 
1.6  and  1.25%,  respectively,  of  phenylalanine.  Fibroin  does  not  contain 
tryptophane. 

It  is  well  known  that  silk  fibroin  is  colored  strongly  yellow  by  the  action 
of  strong  nitric  add,  and  by  vigorous  treatment  with  the  concentrated 
add  is  completely  destroyed  with  the  production  of  picric  add.'  By 
some  investigators  the  production  of  the  ydlow  color  is  assumed  to  be 
due  to  the  formation  of  xanthoproteic  acid,*  while  others  believe  that 
picric  add  in  the  reagent  involved,  which  then  dyes  the  silk  yellow.  The 
action  is  imdoubtedly  a  very  peculiar  one  and  regarding  the  real  nature 
of  the  first  phases  of  the  reaction  we  have  very  little  knowledge.  It 
remains  to  be  established  whether  the  reaction  between  a  protein  and 
nitric  add  can  be  so  regulated  as  to  lead  to  a  nitro  protein  possessing 
chemical  individuality. 

The  behavior  of  nitric  acid  towards  silk  was  investigated  as  early  as 
1859  by  Vogel.*  This  investigator  used  apparently  crude  ungummed 
material  and  obtained  by  action  of  nitric  add  and  by  a  subsequent  treat- 
ment  with  ammonia  a  yellow  substance  to  which  he  assigned  the  formula 

*  Pisdier  and  Skita,  Z.  physiol.  Chem.,  35,  221  (1902). 

*  Fischer,  Z.  physiol.  Chem.,  53,  126  (1907). 

'  See  our  first  paper  by  Johnson  and  Kohmann,  Tms  Journal,  37,  1863  (1915). 

*  Mulder,  Ann.,  28,  73  (1838). 

*  Buchner's  neues  Repert,  8,  i ;  Handworterbuch  der  reinen  u,  angew.  Chem.,  7,  743 
(1859). 
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C48H8^9N6.    He  states  that  diflferent  substances  are  obtained  according 
to  the  length  of  time  of  action  of  the  acid  on  the  protein. 

Vignon  and  Sisley^  investigated  in  1891  the  behavior  of  silk  fibroin 
towards  both  nitric  and  nitrous  acids.  Nitric  acid  of  density  1.33  was 
used  and  the  observation  made  that  the  protein  was  colored  intensely 
yellow.  This  was  fast  to  light  and  was  intensified  by  treatment  of  the 
fibroin  with  alkaline  solutions.  They  made  the  observation  that  nitrous 
add  probably  functionates  in  this  change  and  observed  that  nitric  acid 
free  from  nitrous  acid  will  not  produce  the  yellow  color.  When  they 
reversed  their  process  and"  treated  silk  first  with  nitrous  acid  a  yellow 
color  was  also  produced,  but  it  was  not  fast  to  -light.  However,  if  the 
protein  was  afterwards  treated  with  nitric  add  the  yellow  color  was 
rendered  permanent.  Their  method  of  treatment  led  to  an  increase  of 
2%  in  the  weight  of  the  sUk  and  they  found  21.6%  of  nitrogen  in  their 
nitrated  protein  while  the  original  fibroin  contained  18.8%.  The  differ- 
ences between  fibroin  and  Vignon  and  Sisley's  nitrated  protein  are  re- 
corded in  Table  I. 

Table  I. 

Reacent.  Pibroin.  Nitrated  protdn. 

Cone.  HtSOi  Soluble  giving  a  colorless  solu-    Swells  up  and  gives  a  trans- 

tion  parent,  viscous  mass  like 

albumen 

Strong  caustic  potash  No    reaction    in    cold.      On    Turns  red  and  dissolves  on 

warming     dissolves     with        warming  with  evolutkm 
evolution  of  ammonia  of  ammonia 

Cone.  Ha  Soluble  Soluble 

ZaCU  solution  Soluble  Soluble 

I>ry  distillation  Carbonizes  with  evolution  of    Bums     without     deflagra- 

ammonia  tion.   Bums  more  rapidly 

than  fibroin 

This  work  of  Vignon  and  Sisley*  was  followed  by  that  of  Inouye*  in 
19 1 2,  who  prepared  a  nitro-fibroin  by  nitration  of  fibroin,  and  investigated 
the  character  of  the  nitroamino  acids  formed  by  its  hydrolysis  with  sul- 
furic acid. 

In  our  work,  the  results  of  which  are  described  in  this  paper,  we  have 
confined  ourselves  to  a  study  of  the  behavior  of  fibroin  towards  nitric 
add  of  specific  gravity  1.12.  The  temperatxure  has  been  kept  uniform 
(18-25°)  and  the  time  period  has  been  carefully  regulated.  The  change 
in  the  protein  has  been  studied  quantitatively  as  well  as  qualitatively. 
After  canying  out,  under  specific  conditions,  a  series  of  nitration  experi- 

^  Bull.  soc.  chim,,  [3]  6,  898  (1891);  Ber.,  35,  R.  14  (1892);  CompL  rend,,  1x3,  701 

(1891). 

*  Loc.  cil. 

*  Z.  physid.  Chem.,  81,  80  (1912). 
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ments  oa  pure  fibroin,  we  have  made  the  interesting  observation  that  the 
action  of  the  add  on  the  protein  is  a  gradual  process  until  about  30% 
of  the  fibroin  is  carried  into  solution.    This  condition  obtains  after  ex- 
posure to  the  action  of  the  acid  for  about  192  hotu-s.    The  remaining 
70%  of  the  original  fibroin  is  left  behind,  suspended  in  the  add,  as  a  pul- 
verulent, orange-colored  powder  which  is  very  resistant  to  ftuther  action 
of  the  add.    This  modified  protein,  the  properties  of  which  are  described 
in  the  experimental  part  of  this  paper,  remained  practically  unchanged 
after  submersion  in  nitric  add  of  sp.  gr.  1.12  for  thirteen  days.     It  is 
questionable  whether  otu*  nitrated  product  is  identic^  with  the  so-called 
nitrofibroin  described  by  Inouye.^    Before  this  can  be  established  it 
will  be  necessary  to  devdop  methods  of  determining  quantitatively  the 
relative  proportions  of  the  characteristic,  hydrolytic  products  containing 
nitro  groups.     (This  work  is  now  in  progress.) 

Inouye's  product  was  obtained  after  48  hours'  treatment  with  nitric 
add  and  he  states  that  his  yidd  was  equivalent  to  85-90%  of  the  weight 
of  silk  taken.  We  now  know  that  the  action  of  nitric  add  (sp.  gr.  1.12) 
oa  fibroin  is  not  complete  at  the  end  of  this  period. 

So  far  as  the  action  of  nitric  add  is  concerned  the  behavior  of  o^r  final 
product  conforms  to  that  of  an  organic  combination  of  definite  consti- 
tution. Whether  a  nitric  add  weaker  than  that  used  will  lead  to  the 
formation  of  the  same  combination  by  longer  treatment  remains  to  be 
established.  There  are  undoubtedly  side  reactions  involved  which  can 
be  regulated  by  choosing  an  acid  of  the  proper  strength. 

It  is  an  interesting  fact  that  the  nitration  reaction  can  be  followed 
quahtativdy  by  Millon's  test  for  only  a  few  hours.  After  24  hours'  treat- 
ment the  nitrated  protein  failed  to  respond  to  the  test.  This  would  in- 
dicate that  the  reaction  was  complete,  but  it  was  on  observation  that  the 
reaction  continued  beyond  this  stage.  Whether  this  indicates  that  the 
tyrosifle  nudeus  of  the  protein  (fibroin)  is  completdy  converted  after 
24  hours  into  a  dinitro  combination  will  be  determined  by  a  careful  study 
of  the  products  of  hydrolysis.  Our  new  hydantoin  derivatives,  which 
we  have  described  in  previous  papers,  should  prove  of  great  value*  for  the 
isolation  and  identification  of  the  nitro  combinations  formed.  This 
work  is  now  in  progress. 

Experimental  Part. 

Preparation  of  the  Silk  for  Nitration.— The  protein  (fibroin)  that 
was  used  in  otu*  work  was  a  very  fine  grade  of  silk-noils,  which  was  fur- 
nished to  us  gratuitously  by  the  manufacturer.*  The  noils  were  of  ex- 
cellent quality  and  exceptionally  free  from  foreign  material  (dirt).    Al- 

*  Loc.  cU. 

'  Jolmson  and  Kohmann,  Loc.  cit, 

*  The  Cheney  Brothers,  silk  manufacturers,  South  Manchester,  Connecticut. 
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though  the  material  used  was  a  thoroughly  degummed  product,  care  was 
taken,  however,  to  carefully  cleanse  it  of  any  adhering  fatty  material 
previous  to  nitration.  The  cleansing  procediu'e  was  as  follows:  One 
pound  of  silk-noils  was  boiled  with  15  liters  of  a  neutral  1.0%  red-oil  soap 
solution  for  a  period  of  six  hours.  The  silk  was  then  thoroughly  washed 
with  warm  and  cold  water  to  remove  the  soap  solution  and  finally  desicca- 
ted at  a  constant  temperature  of  100°.  This  material  was  then  pre- 
served  in  a  desiccator  over  sulfuric  acid  and  used  as  needed. 

Physical  Condition  of  the  Silk. — It  has  been  our  experience  in  cast- 
ducting  nitration  experiments  on  silk  fibroin  that  the  results  obtained 
dependent,  to  a  great  extent,  upon  the  physical  nature  of  the  fibre, 
order  to  obtain  consistent  results  under  a  given  set  of  conditions,  it 
necessary  that  the  natural  condition  of  the  fibre,  as  obtained  after 
degumming  process,  be  preserved  as  much  as  possible.     If  pure 
silk  in  skein  form  or  a  silk  yam  of  close  texture  is  used  for  experimen 
purposes,  entirely  different  results  will  be  obtained,  under  p 
conditions,  than  when  silk-noils  are  used.     In  the  case  of  skein  silk 
individual  fibres  are  closely  packed  and  when  the  silk  is  moistened  wii 
add  there  is  a  tendency  for  the  fibres  to  swell,  thus  producing  a  very 
texture.     With  such  material  the  action  of  the  acid  is  superficial  and 
takes  a  much  longer  treatment  to  obtain  a  uniform  nitrated  prodi 
On  the  other  hand,  when  silk-noils  are  used  the  action  of  the  acid  is  qui 
and  also  more  uniform.    The  silk  fibres  in  this  material  are  very 
and  more  porous,  due  to  the  mechanical  treatment  to  which  the  silk 
been  subjected.     Consequently,  a  greater  surface  is  offered  for  the  a 
of  the  acid.    The  action  is  not  superficial  and  a  stirring  process  can 
successfully  appUed  during  the  nitration  which  enables  one  to  effect 
thorough  incorporation  of  the  acid  into  the  fibre. 

Nitration  of  the  Fibroin* — ^The  nitration  experiments  were 
out  in  tall,  slender,  cylindrical  beakers  of  1200  cc.  capacity.     T 
grams  of  the  dried  noils  were  carefully  weighed  into  the  latter  for 
experiment  and  then  covered  with  1000  cc.  of  an  aqueous  solution 
nitric  acid  (sp.  gr.  1.12).    The  purest,  concentrated  nitric  add  was 
The  beakers  were  covered  with  watch  glasses  and  the  nitration  allowed 
proceed  at  the  temperature  of  the  laboratory  (18-25**),  with 
stirring  of  the  silk  suspension  in  order  to  have    a   uniform  action, 
the  end  of  the  given  nitration  period  the  nitrated  product  was  fil 
by  suction  and  then  washed  repeatedly  by  maceration  with  cold 
until  the  wash  liquor  gave  no  add  reaction.     The  nitrated  protein 
then  dried  at  100**  and  weighed  to  determine  the  yidd.     The  ni 
content  of  the  nitrated  product  was  estimated  by  the  Kjeldahl  me 
modified  to  include  the  nitrogen  of  nitrates.     Salicyhc  add  was  used 
every  digestion. 
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Tablb  II.— Yislds  op  NrrROFiBRoiN  AND  Corresponding  Nitrogen  Pbrcentagss. 


I, 

2. 

3 

4. 

5. 
6. 

7- 
8. 

9- 
10. 
II. 
12. 
13. 

W^ 
15'. 


Amount 

of  siBc 

oaed. 

Gnuna. 

Specific      Time 
grav.  of  period  of 

HNTCi   nitration. 

used.      Hours. 

Dehy- 
dration 
tempera- 
ture. 

Amount 

of  acid 

used. 

Cc 

N 
Yield  of 
nitrated 
silk. 

Itrogen  content  of 
nitrated  sine. 

(a). 

w. 

ao 

1. 12 

12 

100  « 

1000 

19.9608        ] 

[7.92 

17.90 

30 

1. 12 

18 

100° 

1000 

19.4584        i 

[8.12 

18.17 

20 

I.  12 

24 

100° 

1000 

18.7224        ] 

18.34 

18.29 

20 

1. 12 

48 

100** 

1000 

17.5459        1 

18.77 

18.76 

20 

1. 12 

72 

100^ 

1000 

17.2848        ] 

17.78 

17.78 

20 

1. 12 

96 

100^ 

1000 

16.4710        ] 

[7.82 

17.70 

20 

1. 12 

X20 

100^ 

1000 

16.3221        ] 

[7.84 

17.65 

20 

1. 12 

144 

100** 

1000 

16. I 102        ] 

[7.76 

17.75 

20 

1. 12 

168 

100® 

1000 

15-3647        1 

[8.03 

18.12 

20 

1. 12 

192 

IOO« 

1000 

143452        ] 

[8.08 

18.08 

20 

1. 12 

216 

100® 

1000 

14.2902        ] 

[8.02 

18.01 

20 

1. 12 

'  240 

100^ 

1000 

14.2402        ] 

[8.12 

18.05 

467.5 

1. 12 

240 

100  *» 

23,730 

33.350          ] 

[8.00 

18.01 

20 

1. 12 

240 

100** 

1000 

14.2670      : 

[8.00 

18.01 

20 

1. 12 

552 

100^ 

1000 

12.0000       1 

[8.10 

18.05 

Following  in  every  detail  such  a  procedure  as  described  above,  a  series 
of  nineteen  experiments  were  carried  through  differing  from  each  other 
only  as  regards  the  length  of  time  of  nitration,  which  ranged  from  12  to 
552  hours.  The  various  yields  of  nitrofibroin  obtained  from  these  dif- 
ferent experiments,  together  with  the  corresponding  nitrogen  contents 
in  percentages,  are  recorded  in  Table  II.  Both  the  percentages  of  nitrogen 
found  and  the  respective  yields  of  the  several  experiments  have  been 
expressed  graphically  in  Table  III  by  the  Curves  a  (yields  of  nitrofibroin) 
and  b  (percentages  of  nitrogen  found).  Divisions  of  time,  expressed  in 
hours,  have  been  plotted  on  the  abscissa  and  the  percentages  of  nitrogen 
and  yields  of  nitrofibroin  on  the  ordinate.  Curve  a  commences  on  the 
ordinate  at  20,  the  amount  of  fibroin  taken  for  each  experiment.  Its 
nitrogen  content  (of  the  fibroin)  is  the  intersection  of  b  with  the  ordinate 
at  17.74.  Curve  a  falls  steadily  below  20  finally  intercepting  curve  b 
at  28  hours,  and  remaining  below  it  from  that  point  on. 

No  decisive  conclusions  can  be  drawn  from  inspection  of  the  two  curves 
below  the  72-hour  period.  After  this  period  b  shows  a  constant  valua- 
tion, while  a  constantly  falls  until  the  192-hour  period,  when  it  then  runs 
nearly  parallel  to  curve  b  for  the  remaining  240  hours.  This  parallelism 
points  to  the  interesting  fact  that  we  are  dealing  here  with  a  definite 
product  of  nitration.  The  chemical  deportment  of  our  product  was  in 
accord  with  such  an  assumption.  When  our  nitrofibroin,  which  we 
obtained  by  treatment  of  fibroin  with  nitric  acid  for  240  hours,  was  allowed 
to  stand  in  freshly  prepared  nitric  add  (sp.  gr.  1.12)  for  a  second  period  of 

^  14  is  131  calculated  on  the  basis  of  20  g.  silk,  instead  of  467.5  g. 
*  At  the  end  of  240  hrs.  treatment,  the  suspension  was  filtered  and  then  immersed 
in  a  fresh  quantity  of  1000  cc.  of  HNQt  (1.12). 
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13  days  at  ordinary  temperature  only  a  oooh 
paratively  small  loss  of  weight  was  mcurrel 
It  was  no  more  than  what  would  be  expected 
from  a  slight  solubiUty  of  the  product  in  the 
add.  Furthermore  the  content  of  nitrogen  re- 
mained constant  at  18%.  In  order  to  substaa- 
tiate  fiulher  the  conclusion  that  our  treatment 
of  fibroin  with  nitric  add  of  specific  gravity 
1. 1 2,  at  ordinary  temperature,  is  productive 
of  a  definite  nitrated  product  which  is  veiy 
resistant  to  further  action  ot  the  add,  a  nitsa- 
tion  experiment  was  carried  through  on  a  muck., 
larger  unit.  467.5  g.  fibroin  were  subjected 
to  the  action  of  the  nitric  add  (using 
usual  proportion  as  given  in  Table  I)  for  2 
hours.  After  washing  free  from  nitric  add 
drying  at  100^  we  obtained  333.5  g.  of  the 
nitrated  protein,  which  gave  on  analysis 
(Kjeldahl)  exactly  18%  of  nitrogen.  In  other] 
words,  the  yield  of  nitrofibroin  was  exactly 
proportional  to  that  obtained  when  only  20  g. 
of  fibroin  were  nitrated. 

467-5  '  333-5  :  :  20  :  14.267. 

On  inspection  of  Table  II,  it  will  be  seat 
that  we  actually  Obtained  in  the  216  and  34(1; 
hom^'  experiments  with  20  g.  of  fibroin 
values — 14.2902  and  14.2670  g.,  respectively. 

Description  of  the  nitration  BxperimentB.-*^ 
The  behavior  of  the  noils,  after  submersioa 
the  nitric  add,  was  followed  very  dosely. 
first  there  was  no  apparent  action.     After  15 
minutes  the  first  evidence   of  nitration 
generally  noticed.    The.  action,  however, 
local  and  at  first  the  silk  became  yellow  it 
spots  which  rapidly  diffused  through   the 
dividual  fibres  as  the  action  was  continue 
At  the  end  of  12  hours  the  entire  mass 
erally  assumed  a  light,  golden-yellow  color 
even  distribution.     After  12  hours*  treatment 
the  silk  fibres  were  coherent  in  appearance, 
and,  in  fact,  did  not  lose  their  identity  until 
after  several  hours*  longer  treatment.     After 
96   hours,    disintegration   of   the   fibres  was 


t^MJQ^i^lN 


STUDIES  ON  NITRATED  PROTEINS,      m.  2 1 77 

seen  to  commence.  The  material  had  then  assmned  a  deep,  golden- 
yellow  color  and  the  protein,  after  drying,  could  easily  be  pulverized  by 
nibbing  in  the  hand.  Further  nitration  produced  nothing  but  a  powder 
of  nitrated  protein.  The  final  products  obtained  after  nitration  for  240 
and  552  hours,  respectively,  consisted  of  deep,  golden-yellow,  pulverulent 
material  which  resembled  very  much  mosaic  gold  in  its  physical  character- 
istics.    It  did  not  possess  a  crystalline  structure. 

The  progress  of  the  nitration  reaction  was  followed  by  application  of 
the  Millon's  test  for  tyrosine.  Samples  of  nitrated  silk  obtained  from 
0  to  44  hours'  treatment  with  the  nitric  add  (sp.  gr.  1.12)  responded 
i  positively  to  the  test.  The  intensity  of  the  color,  however,  continually 
decreased  by  prolonged  treatment  and  at  the  end  of  24  horn's  the  protein 
gave  only  a  very  slight  coloration.  None  of  the  nitrated  products  obtained 
'«fter  treatment  of  the  silk  for  24-552  hours  responded  to  the  Millon 
^leaction.  The  add  filtrates  from  these  were  also  examined  but  in  no 
case  was  a  positive  tyrosine  test  obtained. 

'  Table  TV. — ^Action  of  Millon's  Rbagbnt  on  NmtATSD  Fibroin. 

Time  Nitrated  protein.  Add  iltimtts. 


Wann  MIDoa'*  reagent.       Boiiinf  aoL       Warm  IfiUoa'i  reaceat.     BoHing  woL 

o  Deep  red  Deep  red  ....  

12  Faint  red  Faint  red  

18  Slight  red  color  Slight  red  color  

24  Slight  red  color  Slight  red  color  

25  to  553  No  Millon's  test  given  in  any  case 

Properties  of  the  Nitrofihroin. — ^Table  V  exhibits  the  principal  dif- 
Ineoces  between  fibroin  and  our  nitrofibroin. 

Tabui  V. 

Pitmia.  Nitroolirofai. 

MiEoa's  sol.  Red  color  No  red  color 

Aqueous  ammonia  Insoluble  Insoluble 

Alkaline  carbonates  (in    Insoluble  Insoluble 

water) 
1%  caostic  soda  aoln-    Insoluble  Insoluble 

tion 
Strong     caustic     soda    Soluble  (hot)  and  is  re-    Insoluble  in   10%  solution.     Color 
solution  predpttated  by  dilu-        changes  from  yellow  to  red  which 

tion  with  water  becomes  more  intense  on  heating. 

Alkaline  solution  takes  on  a  light 
orange  color  and  is  decolorized  on 
making  acid.  No  precipitate  is 
produced 
Insoluble  in  50%  sodium  hydroxide 
solution.  Solution,  however,  is 
colored  orange.  This  color  dis- 
appears at  neutral  point  or  when 
solution  is  made  slightly  add 
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Reagent 
Gladal  acetic  add 
Cone.  HCl 
Cone.  HtSO* 
Cone.  HNOi 
Application     of      heat 
(Melting  point) 

Copper  aside  in  am- 
moniacal  solution 
(Schweitzer's  re- 
agent) 

Nickel  oxide  in  am- 
moniacal  solution 

piuret  reaction 


Strong   KOH  solution 
(50%) 
Nsw  Hav«n,  Conm. 


^Rtrofibroin. 


Tablq  y(conUnued). 

Pibroiii. 

Soluble  in  hot  solution  Insoluble 

Soluble  Soluble 

Soluble  Soluble 

Soluble  Soluble 

Disintegrates  at  about  Begins  to  turn  brown  at  about  249* 

170^    No     definite  and  at  300^  is  almost  black.    No 

decomposition  point  definite  deoompoaitioa  point 

Soluble  in  hot  solution  Insoluble 


Soluble  in  hot  solution    Insoluble 

Positive  Color  does  not  develop  on 

of  orange  color  of   the 
solution 

Soluble  with  evolution    Soluble  in  hot  solution  with  siigit] 
of  ammonia  evolution  of  ammonia 


[Contribution  itrom  run  Chbmicai«  Laboratory  oi^  Wbslbtan  Unxvsrsitt.] 

THE  SEPARATION  OF  MONO-/?-,  2,6-  AND  2,7-SULFONIC  ACl 

OF  ANTHRAQUmONE. 

By  M.  L.  Crossuit. 
Receiyed  July  9,  1915. 

Mono-/?-,  2,6-  and  2,7-sulfonic  acids  of  anthraquinone,  the  products 
direct  sulfonation,  are  said  to  be  easily  separated  as  calcium  salts  wl 
ultimately  can  be  converted  into  the  adds.^  In  preparing  these 
I  have  observed  that  when  the  lime  treatment  is  used  a  considerable 
of  the  calcium  salts  of  mono-)?-  and  2,6-acid  is  thrown  out  of  solution 
•  discarded  with  the  calcium  sulfate.  As  a  result  a  poor  yield  of 
acids  is  obtained.  Especially  is  this  true  when  the  sulfonation  is  intenc 
to  give  the  2,6-  and  2,7-acids  as  the  chief  products. 

After  considerable  experimentation  with  dijfferent  methods,  I  find 
the  best  yields  are  obtained  on  separating  the  acids  as  their  sodium 
by  the  direct  neutralization  of  the  sulfonated  mixture  with  sodium 
droxide.     By  careful  concentration  of  the  solution  of  sodium  sulfc 
the  mono-/9-  and  2,6-salts  can  be   separated  together,  leaving  the 
of  the  sodium  sulfate  in  the  filtrate  with  the  2,7-salt,  from  which  it  can 
precipitated  by  ethyl  alcohol.    The  first  two  salts  are  separated  from 
other  by  their  different  solubihties  in  water.     In  addition  to  the 
salts  already  mentioned,  I  have  obtained  a  new  substance  which  has 
previously  been  described. 

^  Beilstein's  Handbuch  der  Organische  Chemie,  a,  406. 
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50  g.  of  best  anthraquinone,  recrystallized  from  benzene,  and  18  g.  of 

concentrated  H2SO4  were  mixed  to  a  uniform  paste  in  a  casserole,  82  g. 

of  fuming  H2SO4  (60%  SOb)  were  then  added.    The  casserole  was  covered 

with  a  watch  glass  and  heated  in  an  oil  bath  to  170°  (thermometer  in  the 

oil)^for|^two  hours.    A  dark  red  pasty  product  was  obtained.    This  was 

poured  carefully  into  a  Uter  of  water  and  the  mixture  boiled,  for  half  an 

hour.    It  was  then  filtered  while  hot  to  remove  unchanged  anthraquinone. 

The  filtrate  was  treated  with  a  concentrated  solution  of  sodium  hydroxide 

until  almost  neutral  and  then  evaporated  to  a  thick  paste.    This  was 

filtered  and  then  pumped  free  of  liquid.    The  solid  was  a  mixture  of 

mono-iS-  and  2,6-sodium  sulfonates.    These  were  separated  from  each 

other  by  their  different  solubilities  in  water  and  recognized  by  their 

sulfone  chlorides,   amides,   and    esters.     The    2,6'-sodium    sulfonate   is 

extremely  sensitive  to  sunlight  and  changes  from  a  light  plimi  color  to 

ahnost  black. 

The  dark  ruby-red  filtrate  from  the  pasty  mixture  was  treated  with 
95%  ethyl  alcohol  until  no  further  precipitate  of  sodium  sulfate  formed. 
This  was  filtered  and  the  filtrate  evaporated  over  a  water  bath  almost  to 
dryness.  The  residue  was  then  taken  up  in  a  very  small  amount  of  dis- 
tilled water  and  to  this  solution  was  added  a  large  excess  of  95%  ethyl 
alcohol,  whereupon,  a  salmon-pink  substance  separated.  This  has  very 
striking  properties  and  is  different  from  any  of  the  anthraquinone  deriva- 
tives thus  far  studied.  It  was  filtered  and  dried  at  150*^.  It  dissolves 
readily  in  distilled  water,  giving  a  golden-yellow  solution  which  changes 
to  pink  on  adding  a  small  amount  of  tap  water.  ^  This  color  change  is  not 
permanent  and  •  when  the  pink  solution  is  exposed  to  sunlight  for  about 
twenty-four  hours  it  completely  changes  back  to  the  original  golden- 
yellow  color.  The  pink  color  can  be  again  developed  by  the  addition  of 
tap  water.  *  If  the  exposure  to  sunlight  is  continued  for  twc^  or  three 
days  no  amount  of  tap  water  will  re-establish  the  pink  color.  If  a  drop  of 
dilute  sodium  hydroxide  is  added  to  the  pink  solution  and  it  is  then  ex- 
posed to  sunlight,  the  pink  color  is  not  discharged  but  instead  it  darkens 
to  permanent  ruby-red.  The  substance  behaves  as  a  very  sensitive 
indicator,  being  reddish  pink  in  alkaline  solution  and  golden-yellow  in 
add  solution.'  The  pink  color  is  not  discharged  by  carbon  dioxide.  The 
compound  is  practically  insoluble  in  acetone,  acetic  acid,  benzene,  ethyl 
alcohol,  ether,  ethyl  acetate,  aniline,  ligroin,  nitrobenzene,  and  pyridine. 
It  isislightly  soluble  in  methyl  alcohol.  Chloroform  changes  it  to  a  dark 
ted  oil  which  is  not  soluble  in  an  excess  of  the  solvent.  On  standing 
this  oil  solidifies  to  a  mass  of  beautiful  red  needle-shaped  crystals.  It 
also  forms  a  dark  red  oil  with  toluene  and  this  solidifies  to  a  mass  of  rod- 

*  The  tap  water  referred  to  was  the  City  of  Providence  water  and  also  Middletown 
water. 
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shaped  crystals.  When  the  substance,  suspended  in  95%  ethyl  alcohol, 
is  exposed  to  sunlight,  it  changes  to  a  beautiful  dark  green  compomuL 
This,  when  filtered  and  dried,  slowly  reverts  back  to  the  original  salmoD' 
pink  substance.  The  transformation  takes  place  very  slowly  when  the 
substance  is  protected  from  sunlight.  The  change,  however,  is  sufficiently 
rapid  to  prevent  accurate  information  being  accumulated  with  r^aid 
to  the  exact  composition  of  the  green  compound.  I  have  not  felt  certain 
that  any  one  of  the  analyses  of  this  substance  represented  a  compound 
of  tmiform  composition.  No  concordant  results  have  been  obtained. 
It  appears  to  be  a  loose  addition  product  of  the  salmon-pink  compound. 
I  reserve  judgment  in  regard  to  the  constitution  of  these  substances  until 
some  later  date  when  more  evidence  has  been  established  from  the  con- 
tinuation of  the  work  in  this  laboratory. 

The  alcohol  filtrate  from  the  salmon-pink  compound  was  again 
evaporated  to  dryness  and  the  residue  taken  up  in  distilled  water.  To 
the  solution  was  added  about  ten  times  its  voltune  of  95%  ethyl  alcohoL 
There  was  no  precipitate  formed.  The  alcohol  solution  was  evaporated 
to  dryness  and  the  residue  shown  to  be  2,7-sodiimi  sulfonate. 

Yields:  Mono-/8-sodium  sulfonate,  2  grams;    3,6-8oditim    sulfonate,    60  grams; 
3,7-sodium  sulfonate,  28  grams;  new  substance,  9  grams. 

By  the  calcium  treatment  only  40  g.  of  2,6  were  obtained.  None  of  the 
new  substance  was  isolated.  The  3deld  of  2,7  averaged  29  g.  and  only  a 
trace  of  mono-jS  or  "silver  salt"  was  obtained. 

In  order  to  produce  the  ''silver  salt"  as  the  chief  product  of  the  re- 
action, 50  g.  of  best^  anthraquinone  and  9  g.  of  concentrated  soK 
ftuic  add  were  mixed  to  a  uniform  paste,  to  which  were  then  added 
41  g.  of  fuming  sulfuric  acid  (60%  SOs).  The  reaction  was  carried  out 
in  a  cass^ole.  This  was  covered  with  a  watch  glass  and  heated  in  an  oil- . 
bath  to  160°  for  two  hours.  The  sulfonated  product  was  then  poured 
into  water  and  boiled  for  half  an  hour.  It  was  then  filtered  to  remove 
the  imchanged  anthraquinone.  The  filtrate  was  treated  with  sodium 
hydroxide  until  almost  neutral  and  then  evaporated  over  a  water  bath  to  < 
about  one-third  of  its  volume.  On  cooling,  the  mono-/3-sodium  sul- 
fonate or  silver  salt  separated.  It  was  filtered  and  dried.  The  average 
yield  obtained  in  this  way  was  38  g.  The  calcium  treatment  by  the  sane 
method  of  sulfonation  only  3delded  an  average  of  29  g.  In  the  coarse 
of  this  work  it  was  found  that  the  "silver  salt"  separates  best  in  m^dly 

add  solution. 

Summary. 

The  mono-/9-,  2,6-  and  2,7-stilfonic  adds  of  anthraquinone  are  most 

advantageously  separated  as  sodium  salts  by  the  direct  neutralizatioa 

>  Merck's. 
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of  the  sulfonic  add  mixture  with  sodium  hydroxide  and  the  subsequent 
separation  of  these  by  their  different  solubiHties  in  water. 

On  neutralization  of  the  sulfonated  mixture  with  lime  much  of  the 
calcitun  salts  of  mono-/?  and  2,6  is  lost  in  the  calcium  sulphate. 

2,6-Sodium  sulfonate  of  anthraquinone  is  very  sensitive  to  stmUght, 
darkening  in  color  from  pltun  to  almost  black. 

A  new  substance  has  been  isolated.  It  has  some  interesting  properties. 
When  suspended  in  ethyl  alcohol  and  exposed  to  stmlight  an  unstable 
green  product  results. 

"Silver  salt"  separates  best  in  mildly  acid  solution. 

ICiDmjCTowiif  Conn. 
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This  work  is  a  continuation  of  the  preparation  and  investigation  of 
the  properties  of  the  neutral  ammonium  salts  of  organic  adds.  This 
paper  deals  with  the  derivatives  of  benzoic  add.  The  salts  described 
in  the  previous  papers  were  prepared  by  passing  dry  ammonia  into  solu- 
tions of  the  organic  adds  in  methyl  alcohol,  ethyl  alcohol,  ether,  and 
,  acetone,  or  in  mixtures  of  these  solvents. 

In  the  following  work  the  neutral  ammonium  salts  of  w-toluic,  /?-toluic, 
jp-chlorobenzoic,  m-chlorobenzoic,  f-chlorobenzoic,  (?-bromobenzoic,  m- 
Tromobenzoic,  /?-bromobenzoic,  <7-nitrobenzoic,  w-nitrobenzoic,  /?-nitro- 
Ijenzoic,  3,5-dimtrobenzoic,  o-aminobenzoic,  m-aminobenzoic,  and  p- 
aminobenzoic  adds  have  been  prepared  by  passing  dry  ammpnia  into 
solutions  of  the  respective  acids  in  the  above  anhydrous  solvents,  and  some 
<rf  their  properties  studied.  After  the  salts  were  predpitated  and  tested 
for  neutrality,  they  were  filtered  by  suction  on  an  alundum  crudble  and 
thoroughly  washed  with  anhydrous  ether.  They  were  then  put  into 
'Crystallizing  dishes  and  allowed  to  stand  a  short  time  in  a  vacuum  desic- 
^tor. 

Several  of  the  salts  were  also  prepared  in  pure  benzene.  Currie*  states 
that  the  ammonitun  salts  of  weak  organic  adds  can  be  prepared  by  passing 
dry  ammonia  into  a  benzene  solution  of  the  adds,  and  in  this  maimer 
prepared  the  ammonium  salts  of  caproic,  caprylic  and  capric  adds. 

*  Pot  previous  papers  on  this  subject  see:  Am.  Chem.  J.,  49,  84-7  (1913);  Chem, 
News,  zoS,  136-7.  (1913);  Am.  Chem.  /.,  49,  294-301  (1913);  Chem.  News,  108,  182-3, 
»93-4  (1913);  Tms  JouRNAi,,  36,  742-7  (1914);  Chem.  News,  no,  212-4  (1914);  'This 
Journal,  36,  1916-25  (1914);  Chem.  News,  no,  224-8  (1914). 

*  /.  Agr.  Research,  2,  8  (1914). 
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The  analysis  gf  the  salts  consisted  in  detennining  the  nitrogen  by 

either  the  regular  or  a  modified  Kjeldahl  method.     In  all  the  salts,  except 

those  of  the  three  amino  acids,  the  nitrogen  present  as  ''ammonium" 

nitrogen  was  determined    This  is  equal  to  the  total  nitrogen,  except  for 

the  nitro  acids     For  the  three  amino  adds,  total  nitrogen  was  determined. 

In  the  case  of  the  m-nitro  acid,  both  total  and  ammonium  nitrogen  were 

determined. 

The  Toluic  Acids. 

Ammonium  tn-Toluate. — No  record  can  be  fotmd  of  the  preparation 
and  properties  of  this  salt.  It  was  prepared  by  passing  dry  ammonia 
gas  into  an  ether  solution  of  m-toluic  acid.  On  passing  in  the  gas,  there 
was  first  formed  an  amorphous  powder  which,  after  a  time,  became  crys- 
talline. The  powder,  after  being  filtered,  washed  with  ether  and  dried, 
was  dissolved  in  ethyl  alcohol,  from  which  it  recrystaUized  in  the  form  of 
long  prismatic  needles.  It  crystallizes  from  acetone  in  the  same  form. 
It  is  readily  soluble  in  water,  to  which  it  imparts  a  neutral  reaction.  It 
is  easily  soluble  in  methyl  alcohol,  ethyl  alcohol  and  acetic  acid.  It  is 
also  soluble  in  acetone  but  a  little  less  so  than  in  the  last  named  solvents. 
The  salt  is  somewhat  hygroscopic,  and  gives  off  ammonia  in  the  air. 
Determination  of  the  nitrogen  proved  it  to  have  the  composition  of  the 
neutral  salt. 

Calc.  for  CsHtOiCNHO:  915%.    Found:  9.19%  N. 

Ammonium  ^Toluate. — Noad^  prepared  this  salt  by  neutralizing  an 
aqueous  solution  of  the  acid  and  allowing  the  solution  to  evaporate.  The 
salt  crystallized  out  in  the  form  of  small  prisms.  No  analysis  was  made 
of  the  salt.  Lossen^  found  that  the  neutral  salt  could  be  prepared,  in  the 
form  of  clear,  flat  cubes,  by  cautious  evaporation  of  a  solution  of  the  acid 
in  ammonia  water.  He  also  obtained  it  in  glittering  leafy  crystals,  upon 
the  addition  of  an  excess  of  alcoholic  ammonia  to  an  alcoholic  solution  of 
the  add.  If  an  aqueous  solution  of  this  salt  were  boiled  and  the  solution 
allowed  to  cool,  needle-shaped  crystals  of  the  add  salt  were  obtained, 
which  crystallized  from  alcohol  in  the  form  of  large  silvery  white  glistening 
leaves. 

We  prepared  this  salt  by  passing  dry  anmionia  into  an  ether  solution 
of  /?-toluic  add.  It  predpitated  as  a  fine,  white,  crystalline  powder,  which 
formed  small  needles  when  recrystaUized  from  alcohol.  The  salt  is  soluble 
in  water,  methyl  alcohol,  ethyl  alcohol,  acetone  and  acetic  acid.  It  is 
insoluble  in  ether.  The  aqueous  solution  of  the  salt  is  at  first  neutral, 
but  slowly  becomes  add,  due  to  hydrolysis.  The  salt  is  only  slightly 
hygroscopic,  and  gives  off  ammonia  slowly  in  moist  air. 

Calc.  for  CsHtOjCNBU):  9.15%-    Found:  9.06  and  9.11%  N. 

*  Ann.,  63,  296  (1847). 

•  Ibid.,  398,  72  (1897). 
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The  neutral  ammonium  salt  of  ^7-toluic  acid  has  been  previously  pre- 
pared by  one  of  us.^  The  neutral  ammonium  salts  of  the  three  toluic 
adds  can  thus  be  prepared  in  ether,  but  not  in  methyl  or  ethyl  alcohols 
on  accotmt  of  their  great  solubility  in  these  solvents.  They  form  white, 
crystalline  precipitates,  which  are  all  soluble  in  water,  acetone  and  acetic 
add.  They  are  less  soluble  in  acetone  than  in  the  other  solvents.  They 
are  stable  in  dry  air  and  give  off  ammonia  slowly  in  moist  air.  The 
o-toluate  does  not  deliquesce,  while  the  m-  and  p-salts  do  so  very  slightly. 
Their  aqueous  solutions  are  neutral. 

The  Chlorobenzoic  Acids. 

Ammoxiiiiin  t?-Chlorobenzoate. — ^Rivals*  mentions  this  salt  as  soluble 
in  water  with  the  absorption  of  a  small  amount  of  heat,  but  does  not  de- 
scribe the  method  of  preparation,  the  analysis  nor  the  properties  of  it. 
Eorcz3mski'  states  that  soHd  <?-chIorobenzoic  add  combines  with  am- 
monia under  pressure,  forming  C6H4CICOONH4,  and  that  a  second  mole- 
cule of  ammonia  is  taken  up  at  — 15^,  which  is  quickly  given  off  as  the 
>  temperature  rises  to  normal. 

This  salt  can  be  prepared  by  the  method  described,  in  an  ether  solution 
of  the  add,  as  a  fine,  white  powder.  It  is  very  soluble  in  water,  methyl 
alcohol,  ethyl  alcohol>  acetone  and  acetic  add.  It  is  only  slightly  soluble 
in  ether.  A  solution  of  the  salt  in  water  is  neutral,  and  does  not  hydrolyze 
even  on  long  standing.  The  salt  is  not  hygroscopic,  and  gives  <^  am- 
,  monia  only  very  slowly  in  both  dry  and  moist  air. 

Calc.  for  C7H40iCl(NH4):  8.07%.    Found:  8.01%  N. 

Ammonium  m-Chlorobenzoate. — Gluud  and  Kempf^  have  prepared 
this  salt  by  heating  the  hydroxylamine  salt  of  the  add  to  170^,  treating 
the  mixttu-e  of  the  salt  and  the  free  add  obtained  with  warm  xylene  to 
remove  the  add,  extracting  the  ammonium  salt  with  warm  acetone,  and 
then  predpitating  it  with  petroleum  ether.  It  crystallized  in  small  leaflets, 
which  melted  and  decomposed  at  203-204®  after  a  short  sintering.  It 
dissolved  in  cold  water,  and  in  some  organic  solvents  on  heating,  but  so 
readily  evolved  ammonia  that  little  but  the  free  add  itself  remained  in 
solution.  An  aqueous  solution  of  the  salt  also  gave  off  ammonia  on 
heating,  and  the  add  crystallized  out  on  cooling.  They  also  prepared 
the  salt  by  passing  ammonia  into  a  solution  of  the  add  in  methyl  alcohol, 
and  predpitating  it  with  ether.  They  thus  obtained  glistening  scales. 
No  analysis  was  made  of  the  salts  obtained.  Their  first  method  of  prepara- 
tion could  not  have  given  a  very  pure  product,  since  it  depended  on  the 
selective  solubility  of  the  free  acid  and  the  salt,  and  since  the  solutions 

*  McMaster,  This  Journal,  36,  1924  (1914). 
r         M»«.  chitn.  phys.,  [7  J  X2,  521  (1897). 

*Am.  Akad.  Wissenschaften,  Krakau,  633  (1908);  Chem,  ZetUr.,  3,  2009  (1908). 

*  /.  Chem.  Soc.,  103,  1533  (1913). 
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of  the  salt  gave  off  ammonia  on  warming,  even  slightly  so  at  ordinaiy 
temperatures. 

This  salt  can  easily  be  prepared  by  passing  dry  ammonia  into  an  ether 
solution  of  m-chlorobenzoic  acid.  There  is  formed  a  fine,  white,  amor- 
phous precipitate,  which,  when  crystallized  from  alcohol,  gives  a  crystalliiie 
powder.  It  is  readily  soluble  in  water,  methyl  alcohol  and  ethyl  alcoh<^ 
and  slowly  so  in  acetic  add.  It  is  insoluble  in  ether.  The  aqueous  solu- 
tion is  at  first  neutral,  but  very  slowly  becomes  add.  The  salt  does  not 
give  off  ammonia  in  dry  air,  but  is  slightly  deliquescent. 

Calc.  for  CiHiOtClCNBU) :  8.07%.     Pound:    8.01%  N. 

Aounooium  ^Chlorobenzoate. — ^This  salt  was  also  prepared  by  Koirc- 

zyn^^  by  the  same  method  used  in  the  preparation  of  the  o-cotnpound. 

It  can  be  prepared  by  passing  ammonia  into  a  saturated  alcoholic  solutioa 

of  the  add.    Glistening  white  laminae  are  thus  formed.     Upon  passing  ^ 

ammonia  into  a  solution  of  the  add  in  ether,  a  gelatinous  predpitate  is 

formed,  which  soon  changes  to  a  fine,  amorphous  powder.    This  can  be 

crystallized  from  acetone  in  the  form  of  very  fine  needles.    The  salt  is 

8(duble  in  water,  methyl  and  ethyl  alcohols,  and  acetic  add.     It  is  also 

somewhat  soluble  in  acetone.    The  solution  of  the  salt  in  water  is  at  first 

neutral,  but  hydrolyzes  slowly  on  long  standing.    The  salt  does  not  deli* 

quesce,  and  gives  off  ammonia  only  slowly  in  moist  air. 

Calc.  for  CrH40iCl(NH4):  8.07%.    Prepared  in  ether.    Pound:  7-98%  K. 
Prepared  in  ethyl  alcohol.     Pound:  8.04%  N. 

The  three  chlorobenzoates  can  thus  be  readily  prepared  in  ether.  The  \ 
p'Solt  can  also  be  prepared  in  a  sattu'ated  alcoholic  solution  of  the  add.  ^ 
They  are  all  soluble  in  water,  methyl  and  ethyl  alcohols  and  acetic  add 
They  are  also  soluble  in  acetone,  but  to  a  less  extent  than  in  the  alcohols 
and  acetic  add.  The  ^-salt  is  the  least  soluble  of  the  three.  The  aqueous 
solutions  of  the  tn-  and  />-salts  become  slowly  add,  but  that  of  the  o-sgH 
is  very  stable.  Only  the  m-salt  is  slightiy  hygroscopic,  and  all  three  give  \ 
off  ammonia  very  slowly  in  the  air. 

The  Bromobenzoic  Adds.  1 

Ammonium  o-Bromobenzoate. — ^No  reference  to  this  salt  can  be  found ' 

• 

in  the  Uterature.     It  can  be  prepared  by  passing  dry  ammonia  into  an; 
ether  solution  of  o-bromobenzoic  acid.     The  salt  at  first  predpitates  asj 
a  slightiy  gdatinous  mass,  which  soon  changes  to  an  amorphous  powder. 
If  ammonia  is  passed  into  an  alcoholic  solution  of  the  add,  or  into  a  solu- 
tion  of  the  add  in  a  mixture  of  equal  volumes  of  ether  and  ethyl  alcohol 
no  predpitate  is  formed;  but  if  the  latter  solution  is  allowed  to  evaporate! 
in  the  air,  the  salt  forms  in  crystalline  tablets.    The  salt  can  also  be^ 
prepared  by  passing  ammonia  into  a  solution  of  the  add  in  benzene,  from 
which  it  predpitates  slowly.     A  fiocculent  predpitate  forms  at  first  and 
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then  changes  to  a  fine  powder.    When  recrystallized  from  benzene  it 
forms  in  fan-like  groups  of  needles. 

The  salt  is  soluble  in  water,  methyl  and  ethyl  alcohols  and  acetic  acid. 
It  is  slightly  soluble  in  acetone  and  insoluble  in  ether.  The  aqueous 
solution  is  neutral  to  sensitive  litmus,  there  being  no  hydrolysis  even  on 
standing  for  several  days.  The  salt  is  not  deliquescent,  is  stable  in  dry 
air,  and  gives  off  ammonia  very  slowly  in  moist  air.  Analysis  proved  it 
to  be  the  neutral  anhydrous  salt. 

Calc.  for  CTEUdBrCNHO :  6.43%.    Prepared  in  ether.    Found:  6.41%  N. 
Prepared  in  benzene.     Pound:  6.38%  N. 

Ammonium  m-Bromobenzoate. — ^As  in  the  case  of  the  o-bromobenzoate» 
no  reference  to  this  salt  can  be  found  in  the  Uterature.  It  can  be  readily 
prepared  in  an  alcohol-ether  or  in  an  ether  solution  of  the  acid.  In  the 
former  it  precipitates  as  silky,  crystalline  flakes,  and  in  the  latter  as 
a  lustrous  white,  semicrystalline  powder.  It  is  very  soluble  in  water, 
methyl  alcohol,  ethyl  alcohol,  and  acetic  add.  It  is  very  slightly  soluble 
in  chloroform  and  appreciably  so  in  acetone,  but  insoluble  in  ether.  The 
salt  is  not  at  all  deliquescent.  It  gives  off  ammonia  very  slowly  in  dry  air, 
and  slightly  more  rapidly  in  moist  air.  The  salt  can  also  be  precipitated 
in  benzene  as  a  nulky  white,  colloidal  mass.  Analysis  was  made  of  the 
salt  prepared  in  ether. 

Calc.  for  C7H40jBr(NH4):  6.43%.    Found:  6.38%  N. 

Ammonium  ^-Bromobenzoate. — ^This  salt  has  been  prepared  by 
Korczjmski*  by  the  method  described.  It  was  prepared  by  us  by  passing 
ammonia  into  a  solution  of  the  acid  in  ether,  in  which  it  formed  as  a 
white,  amorphous  compound.  No  precipitate  was  formed  when  the 
ammonia  was  passed  into  an  alcoholic  solution  of  the  add,  but  on  evapora- 
tion  aggregates  of  beautiful  crystalline  plates  were  formed.  The  salt 
is  slightly  soluble  in  cold  water,  but  readily  soluble  in  hot  water.  It 
is  also  soluble  in  methyl  alcohol,  ethyl  alcohol,  and  acetic  add.  It  is 
slightly  soluble  in  acetone  and  in  chloroform.  The  solution  in  water  is 
neutral  at  first,  but  hydrolyzes  slowly  and  becomes  add.  The  salt  is 
not  deliquescent,  but  gives  off  ammonia  slowly  in  the  air. 

Analysis  of  the  salt  prepared  in  ether  proved  it  to  have  the  composition 
of  the  neutral  salt. 

Calc.  for  CTHiOsBrCNH*) :  6.43%.    Found:  6.46%  N. 

The  neutral  ammonium  salts  of  the  three  bromobenzoic  adds  can  thus 
be  prepared  in  ether.  The  o-salt  can  also  be  prepared  in  benzene  and  the 
m-salt  in  an  alcohol-ether  mixtm^e.  They  are  soluble  in  water  (the  p- 
salt  only  appredably  so  in  hot  water),  methyl  and  ethyl  alcohols,  and  acetic 
add.  They  are  slightly  soluble  in  acetone  and  insoluble  in  ether.  None 
of  the  salts  are  deliquescent. 
*  hoc.  cU, 
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The  Nitrobenzoic  Acids. 

Ammoniuiii  ^Nitrobenzoate. — Korczynski^  has  also  prepared  this  salt. 

It  can  also  be  prepared  by  conducting  dry  ammonia  into  a  solution  of  the 

acid  in  anhydrous  ether,  or  into  a  saturated  solution  of  the  add  in  ethyl 

alcohol.     It  forms  as  a  slightly  yellowish  white,  amorphous  precipitate 

in  ether  or  as  a  white,  finely  crystalline  compound,  having  a  decidedly 

yellowish  tinge,  in  alcohol.     It  is  soluble  in  water,  methyl  alcohol,  ethyl 

alcohol,  and  acetic  add.     It  is  moderatdy  soluble  in  acetone.    The  salt 

is  only  sUghtly  hygroscopic,  and  imparts  a  neutral  reaction  to  a  water 

solution  of  it.    The  aqueous  solution  slowly  hydrolyzes.    The  salt  is  fairly 

stable  in  the  air,  losing  its  ammonia  but  slowly  in  mcjst  air. 

Calc.  for  C7H4N04(NH4) :  7.61  %.  Prepared  in  ether.  Pound :  7.69%  ammonium  N. 
Prei>ared  in  ethyl  alcohol.    Pound:  7.59%  ammonium  N. 

Ammonium  m^Nitrobeazoate. — ^Beilstein  mentions  the  add  ammon- 
ium salt,  NH4C7H4(NOj)Oj  +  C7H6(NOt)Oj.  Korczynsld^  says  that  m- 
nitrobenzoic  add  takes  up  one  molecule  of  ammonia  at  room  tempera- 
ture and  an  additional  molecule  at  o**  to  — 15®. 

When  ammonia  is  passed  into  a  solution  of  m-nitrobenzoic  add  in  ether, 
the  neutral  ammonium  salt  forms  as  a  findy  crystalline,  snow-white 
predpitate,  soluble  in  water,  methyl  alcohol,  ethyl  alcohol,  acetone,  and 
acetic  add.  It  is  insoluble  in  ether.  Its  solution  in  water  is  neutral. 
The  salt  is  stable  in  both  dry  and  moist  air.  Both  the  ammonium  nitro- 
gen and  the  total  nitrogen  in  this  salt  were  determined. 

Calc.  for  C7H4N04(NH4}:  7.61%.    Pound:  7.57%  ammonium  N. 
Calc.  for  C7HSN1O4:  15.22%.    Pound:  15.20%  total  N. 

Ammonium  />-Nitrobenzoate. — ^Wilbrand  and  Beilstein^  prepared  this 
salt  by  dissolving  the  add  in  concentrated  ammonia  water,  and  allowing 
the  solution  to  evaporate  to  crystallization.  A  hot  solution  of  the  salt 
produced,  upon  cooling,  faint  rose-red,  much  streaked,  very  glittering, 
leaf -like  crystals  which  were  very  easily  decomposed.  Korcz3mski^  also 
mentions  this  salt,  but  does  not  give  its  properties.  We  obtained  this 
salt  by  our  method  in  an  ether  solution  as  a  snow-white,  amorphous 
powder,  which  on  analysis  proved  to  be  the  neutral  salt.  Some  of  the 
salt  was  recrystallized  from  warm  water  in  the  form  of  small,  transparent 
leaflets.  This  was  not  analyzed,  but  it  was  probably  the  add  salt,  as  the 
aqueous  solution  of  the  normal  salt,  which  is  neutral  at  first,  quickly  hy- 
drolyzes and  becomes  acid,  espedally  on  warming.  The  color  mentioned 
by  Wilbrand  and  Beilstein  must  have  been  due  to  imptuities. 

The  neutral  salt  is  soluble  in  water,  slowly  soluble  in  ethyl  alcohol,  readily 

soluble  in  methyl  alcohol  and  moderately  soluble  in  acetone.    It  is  insoluble 

in.  ether.    It  is  not  deliquescent  and  does  not  lose  ammonia  in  the  air. 

^  Loc.  cit. 

'  Ann.,  ia8,  261  (1863). 
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Calc.  forCiHUNOiCNHO:  7-6i%.    Found:  758%  ammonium  N. 
The  three  nitrobenzoates  can  thus  be  prepared  in  ether.    They  are 
^uble  in  water,  in  the  common  alcohols,  and  in  acetic  acid.    They  are 
less  soluble  in  acetone  than  in  the  other  solvents  mentioned.     Of  the 
three,  the  p-salt  is  the  least  soluble  in  the  organic  solvents. 

Aaunonium  SyS-Dinitrobenzoate. — ^Mention  is  made  of  this  salt  by 
Koeczrynski.^  Hubner^  states  that  he  used  this  salt  in  solution  to  pre- 
pare silver  and  copper  m-dinitrobenzoates.  He  did  not  prepare  the  solid 
4uamionium  salt. 

It  can  be  prepared  by  passing  anmionia  into  an  ether  solution  of  the 
add  as  a  white,  amorphous  powder,  having  a  slight  yellowish  tinge.  It 
is  soluble  in  water,  methyl  alcohol,  ethyl  alcohol,  acetic  acid,  benzene 
and  carbon  tetrachloride.  It  is  somewhat  soluble  in  acetone,  but  less 
ao  than  in  the  other  solvents  mentioned.  It  is  insoluble  in  ether.  The 
t  is  not  deUquescent.  It  is  stable  in  dry  air,  but  loses  its  ammonia  very 
owly  in  moist  air.  Its  aqueous  solution  is  neutral,  and  does  not  hydro- 
[  lyze  even  on  standing  for  several  days. 
I  Calc.  for  CtHiNjOsCNHO :  6.12%.    Potmd:  6.1  x%  ammonium  N. 

The  Aminobenzoic  Acids. 

• 

Ammonitim  o-Aminobenzoate. — ^This  salt  can  be  prepared  either  in 
^- ether  or  in  a  mixture  of  one  volume  of  acetone  and  two  volumes  of  ether, 
j  When  prepared  in  ether,  it  is  a  white,  amorphous  powder,  while  in  the 
acetone-ether  mixture  it  forms  fine,  white  needles.  It  is  very  soluble 
in  water,  the  solution  being  neutral  at  first  but  soon  becoming  acid.  The 
salt  is  also  very  soluble  in  methyl  and  ethyl  alcohols  and  acetic  acid. 
It  is  moderately  soluble  in  acetone,  and  only  slightly  so  in  ether.  It  is 
ightly  deliquescent.  It  does  not  lose  ammonia  in  dry  air,  and  only 
slowly  in  moist  air. 

Calc.  for  CtHioNsOs:  18.18%.    Found:  18.14%  total  N. 
This  analysis  was  made  on  the  salt  prepared  in  ether  and  proved  that 
ift  had  obtained  the  neutral  ammonium  salt.     Although  some  of  the 
salts  of  £7.aminobenzoic  acid  have  been  prepared  and  studied,  no  mention 
of  the  neutral  ammonitun  salt  can  be  found. 

Ammonium  m-Aminobenzoate. — ^As  in  the  case  of  the  ammonium 
o-aminobenzoate,  no  reference  to  this  salt  can  be  found  in  the  Hterattu'e. 
It  C3in  be  prepared  by  pouring  a  saturated  solution  of  the  add  into  ab- 
solute ethyl  alcohol,  into  which  dry  ammonia  has  been  passed  for  some 
time,  into  a  lai^e  amount  of  ether.  Although  the  salt  is  only  slightly  soluble 
in  ether,  it  cannot  be  prepared  directly  in  ether  since  the  free  add  is  also 
only  slightly  soluble  in  that  solvent.  While  filtering  oflF  the  salt,  pre- 
pared as  above  described,  it  is  necessary  to  keep  the  alundum  crudble 

^LoccU,  . 

*Ann,,  332,  78  (1883). 
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The  Nitrobenzoic  Acids. 
Ammonium  o-Nitrobenzoate. — Korczynski^  has  also  prepared  \4^ 
It  can  also  be  prepared  by  conducting  dry  ammonia  into  a  solatia^  j^  . 
acid  in  anhydrous  ether,  or  into  a  saturated  solution  of  the  add!  ^  . 
alcohol.     It  forms  as  a  slightly  yellowish  white,  amorphous  p^  ^^. 
in  ether  or  as  a  white,  finely  crystalline  compound,  having  a  f-:^^ 
yellowish  tinge,  in  alcohol.     It  is  soluble  in  water,  methyl  alcGfc^  ^^ 
alcohol,  and  acetic  acid.    It  is  moderately  soluble  in  acetone, 
is  only  shghtly  hygroscopic,  and  imparts  a  neutral  reaction  I 
solution  of  it.    The  aqueous  solution  slowly  hydrolyzes.    The  ft 
stable  in  the  air,  losing  its  ammonia  but  slowly  in  mojst  air. 

Calc.  for  CtH4N04(NH4):  7.61%.  Prepared  in  ether.  Found:  769%* 
Prepared  in  ethyl  alcohol.    Pound:  7.59%  ammonium  N. 

Ammonium  m-Nitrobenzoate. — Beilstein  mentions  the  a  . 
ium  salt.  NH4C7H4(N02)0«  +  CTHfiCNOa)©^.    Korczynski^       *= 

nitrobenzoic  acid  takes  up  one  molecule  of  ammonia  at  rt ^"^ 

ture  and  an  additional  molecule  at  o®  to  — 15**.  ._ 

When  ammonia  is  passed  into  a  solution  of  m-nitrobenzoi(     "  *- 
the  neutral  anmionium  salt  forms  as  a  finely  crystallit 
precipitate,  soluble  in  water,  methyl  alcohol,  ethyl  alcohc    ^ 
acetic  acid.     It  is  insoluble  in  ether.     Its  solution  in  w^ 
The  salt  is  stable  in  both  dry  and  moist  air.     Both  the  a    ^ 
gen  and  the  total  nitrogen  in  this  salt  were  determined. 

Calc.  for  C7H4N04(NH4) :  7.61%.    Found:  7.57%  anuu 
Calc.  for  CrHgNfOi:  15.22%.    Found:  15-20%  total  N 

Ammonium  p-Nitrobenzoate. — ^Wilbrand  and  Beilste 
salt  by  dissolving  the  acid  in  concentrated  ammonia  w 
the  solution  to  evaporate  to  crystallization.     A  hot  S' 
produced,  upon  cooling,  faint  rose-red,  much  streake 
leaf-like  crystals  which  were  very  easily  decomposed, 
mentions  this  salt,  but  does  not  give  its  properties, 
salt  by  otu-  method  in  an  ether  solution  as  a  snov 
powder,  which  on  analysis  proved  to  be  the  neutral., 
salt  was  recrystallized  from  warm  water  in  the  form  « 
leaflets.    This  was  not  analyzed,  but  it  was  probabh 
aqueous  solution  of  the  normal  salt,  which  is  neutra 
drolyzes  and  becomes  acid,  especially  on  warming, 
by  Wilbrand  and  Beilstein  must  have  been  due  to  i. 

The  neutral  salt  is  soluble  in  water,  slowly  soluble  i 

soluble  in  tneihyl  alcohol  and  moderately  soluhle| 

in.  ether.    It  is  not  deUquescent  and  does 

^  Loc.  cit. 

«  Ann,,  128,  261  (1863).  -^r^ 
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^d  normal  butane.  A  previous  communication  by  the  authors  gave 
vapor  pressures  for  ethane  and  ethylene.  The  method  of  experimenta- 
tion was  detailed  in  that  communication.  The  same  method  was  followed 
in  this  later  work.  The  thermometers  were  calibrated  at  additional 
points  in  order  to  meastu'e  the  higher  temperatures  demanded.  These 
points  are  the  melting  points  of  chloroform,  mercury  and  ice.  Henning^ 
found  the  following  values  for  chloroform  and  mercury:  Mercury, 
—38.89®;  chloroform,  — 63.7°. 

The  temperattue  readings  as  made  by  the  authors  with  their  pentane 
themiometers  at  the  melting  points  of  chloroform,  mercury  and  ice  are 
^follows: 

Therm.  No.  504:    Chloroform  —64.0;  Mercury  — ^36.5;  Ice  +1.4. 
Thenn.  No.  707:     Chloroform  — 67.1;  Mercury  — 38.4;  Ice  -|-i.3- 

ft 

These  readings  are  uncorrected  and  are  simply  given  to  show  how  the 
themiometers  varied  among  themselves. 

In  addition  to  using  pentane  thermometers,  a  caUbrated  merctuy 
themiometer^  was  used  in  determining  the  normal  boiUng  point  and  a  few 
other  points  on  the  vapor-pressiu-e  curve  of  iV-butane. 

The  chloroform  used  was  Kahlbaum's  purest  reagent.  Mercury  was 
prepared  by  fractionating  it  by  the  method  of  Hulett.'  No  differences 
in  the  melting  points  of  these  substances  were  fotmd  by  additional  frac- 
tionation of  them. 

Preparation  of  Gases. 

Propane  was  prepared  by  the  action  of  propyl  iodide  on  a  zinc-copper 
couple.  It  was  purified  by  fractional  distillation  in  a  vacuum  at  the 
temperature  of  liquid  air  to  rid  it  of  air  or  other  substances  of  high  vapor 
pressure  at  that  temperature,  and  at  a  temperatiu-e  of  — no**  to  remove 
water  vapor  and  other  substances  whose  vapor  pressures  are  practically 
negligible  at  — no**.  Phosphorus  pentoxide  was  also  used  to  remove 
water  vapor.  Propylene  was  prepared  by  dropping  propyl  alcohol  on 
phosphorous  pentoxide  at  ordinary  temperature.  N-Butane  was  pre- 
pared by  the  action  of  iV-butyl  iodide  on  a  zinc-copper  couple.  Both  of 
these  gases  were  purified  in  essentially  the  same  manner  as  the  propane. 
Purification  was  carried  to  a  point  at  which  the  entire  liquid  distilled  at 
a  temperatiure  constant  to  =^0.2°. 

In  the  tables  are  shown  the  vapor  pressures  of  the  three  substances, 
the  equations  of  the  curves,  pressures  calculated  from  the  equations, 

*  Heiming^  P.,  "The  Fixation  of  the  Temperatiure  Scale  between  o®  and  — 193 
Ann.  Physik.,  [4]  43,  282-94  (1914). 

'  Calibrated  by  J.  K.  Clement,  physicist  of  this  Bureau. 

•  Phyi'  Rbv.,  34.  34  (iQ"). 
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VAPOK   PKSSEUItS   OV   ^-BUTANB   AT   Low   TSUPSKATDSBS. 
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The  results  may  also  be  expressed  by  plotting  the  logarithm    of   t 
pressure  against  the  reciprocal  of  the  abstJute  temperature,  (Fig.  2).     T 


straigh' 
averagt 
drawini 

PoT] 


""^Mja,, 


""--^^ 


*»/>. 


**'ruc 


»fc 


•^,. 


*^ 


tity-four  hours,     in 


2l82 


LISROY  MCMASTER  AND  J.   H.  GODU)VB. 


The  analysis  qi  the  salts  consisted  in  determining  the  mtrogen  hj\ 

either  the  regular  or  a  modified  Kjeldahl  method.     In  all  the  salts,  ex( 

those  of  the  three  amino  adds,  the  nitrogen  present  as  ''ammonium 

nitrogen  was  determined    This  is  equal  to  the  total  nitrogen,  except  f< 

the  nitro  acids     For  the  three  amino  acids,  total  nitrogen  was  del 

In  the  case  of  the  m-nitro  add,  both  total  and  ammonium  nitrogen 

determined. 

The  Toluic  Acids. 

Ammonium  fn^Toluate. — ^No  record  can  be  found  of  the  preparat 
and  properties  of  this  salt.     It  was  prepared  by  passing  dry  ammi 
gas  into  an  ether  solution  of  m-toluic  acid.    On  passing  in  the  gas, 
was  first  formed  an  amorphous  powder  which,  after  a  time,  became 
talline.    The  powder,  after  being  filtered,  washed  with  ether  and 
was  dissolved  in  ethyl  alcohol,  from  which  it  reoystallized  in  the  form 
long  prismatic  needles.     It  crystallizes  from  acetone  in  the  same  f< 
It  is  readily  soluble  in  water,  to  which  it  imparts  a  neutral  reaction, 
is  easily  soluble  in  methyl  alcohol,  ethyl  alcohol  and  acetic  acid.    It 
also  soluble  in  acetone  but  a  Uttle  less  so  than  in  the  last  named  solvent 
The  salt  is  somewhat  hygroscopic,  and  gives  off  ammonia  in  the 
Determination  of  the  nitrogen  proved  it  to  have  the  composition  of 
neutral  salt. 

Calc.  for  CiH70j(NH4):  915%.    Found:  9.19%  N. 

Ammonium  p-ToluBte. — ^Noad^  prepared  this  salt  by  neutralizing 
aqueous  solution  of  the  add  and  allowing  the  solution  to  evaporate, 
salt  crystallized  out  in  the  form  of  small  prisms.     No  analysis  was 
of  the  salt.    Lossen^  found  that  the  neutral  salt  cotdd  be  prepared,  in 
form  of  dear,  flat  cubes,  by  cautious  evaporation  of  a  solution  of  the 
in  ammonia  water.     He  also  obtained  it  in  glittering  leafy  crystals, 
the  addition  of  an  excess  of  alcohoUc  ammonia  to  an  alcoholic  solutioal 
the  add.     If  an  aqueous  solution  of  this  salt  were  boiled  and  the  solut 
allowed  to  cool,  needle-shaped  crystals  of  the  add  salt  were  obi 
which  crystallized  from  alcohol  in  the  form  of  large  silvery  white  gl 
leaves. 

We  prepared  this  salt  by  passing  dry  ammonia  into  an  ether  soli 
of  ^-toluic  add.     It  predpitated  as  a  fine,  white,  crystalline  povrder, 
formed  small  needles  when  reoystallized  from  alcohol.    The  salt  is 
in  water,  methyl  alcohol,  ethyl  alcohol,  acetone  and  acetic  acid. 
insoluble  in  ether.    The  aqueous  solution  of  the  salt  is  at  first  m 
but  slowly  becomes  acid,  due  to  hydrolysis.     The  salt  is  only 
hygroscopic,  and  gives  off  ammonia  slowly  in  moist  air. 

Calc.  for  CiHrOs(NH4):  9.15%.    Found:  9.06  and  9.11%  N. 
^  Ann,,  63,  296  (1847). 
« Ibid,,  398,  72  (1897). 
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stated,  upon  the  measurement  of  step  (2)  in  the  enzymotic  hydrolysis 
(see  diagram).  This  is  indeed  a  measurement  of  the  cleavage  of  the  same 
union  which  Neuberg,  and  also  Bourquelot  and  Bridel,  have  selected, 
but  there  is  an  important  difference  between  the  methods  because  the 
mdibiase  which  we  employ,  prepared  from  bottom  yeast,  is  free  from 
enzymes  that  hydrolyze  glucosides.  Tests  have  also  shown  that  the  meH- 
biase  solution  does  not  contain  maltase,  cellase,  lactase,  trehalase,  inulase 
or  diastase.  It  does  contain  a  very  powerfid  invertase  and  so  far  it  has 
not  been  possible  to  remove  this  enzyme.  But  removal  is  not  necessary 
since  top  yeast  yields  an  extract  which  is  rich  in  invertase  and  quite  free 
from  melibiase,  and  this  top  yeast  extract  can  be  used  to  complete  step 
(i),  whereupon  an  accurate  measurement  of  step  (2),  and  the  consequent 
estimation  of  raffinose  from  it,  may  be  carried  out.  The  only  interfering 
substance  of  which  we  are  aware  is  meUbiose  itself,*  which  would  be  esti- 
mated as  raffinose  by  the  method.  Since  melibiose  reduces  PehHng's 
solution  and  raffinose  does  not,  it  is  possible  to  exclude  it  from  consideration 
in  some  cases.  Thus  an  aqueous  extract  from  cottonseed,  or  its  meal, 
contains  almost  no  reducing  sugar  but  much  raffinose;  and  low-grade 
beet  sugars  are  nearly  free  of  reducing  substances  but  often  contain  raffi- 
nose. The  method  appears  sufficiently  conclusive,  therefore,  for  the  esti- 
mation of  raffinose  in  these  products  which  are  the  best-known  sources 
of  the  sugar.  In  the  analysis  of  plant  material  and  sugar  mixtures  in 
general,  the  method  serves  for  the  determination  of  raffinose  and  meli- 
biose but  does  not  distinguish  them. 

Directions  for  Performing  the  Analysis. — ^The  solution  in  which  raffi- 
nose is  to  be  estimated  is  first  clarified,  if  necessary,  with  neutral  lead  acetate 
and  the  excess  of  lead  removed  as  oxalate  or  sulfide.  It  is  advisable  to 
dilute  the  solution,  if  necessary,  so  that  the  total  sugars  are  not  over  13%, 
because  the  enzymotic  hydrolysis  becomes  very  slow  at  higher  sugar 
concentrations.  The  solution  must  be  slightly  acid  to  permit  the  action 
of  the  enzymes,  but  any  free  mineral  acidity  is  to  be  avoided.  It  is 
recommended,  in  general,  that  solutions  be  accurately  neutralized  and  sub- 
sequently acidified  with  one  or  two  drops  of  gladal  acetic  acid  per  100  cc. 
To  95  cc.  of  the  sugar  solution  which  has  been  prepared  in  the  manner 
specified,  5  cc.  of  top  yeast  invertase  solution,  prepared  as  directed  (see 
first  reference),  are  added,  a  few  cc.  of  toluene  are  shaken  with  the  mixture 
to  prevent  the  growth  of  microdrganisms  and  it  is  kept  at  room  tempera- 
ture until  its  rotation  becomes  constant.  The  time  which  is  required 
win  depend  primarily  upon  the  activity  of  the  enzyme  solution,  but  as  a 
rule  constant  rotation  is  reached  over  night  or  in  twenty-four  hours.     In 

'  It  may  be  f oimd  that  stachyose  contains  a  union  which  is  hydrolyzed  by  melibiase, 
since  Bourquelot  and  Bridel  {loc.  cit.)  have  observed  its  hydrolysis  by  emulsin.  Up 
to  the  present  we  have  not  been  able  to  secure  any  stachyose  for  the  necessary  experi- 
ments. 
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of  the  salt  gave  off  ammonia  on  warming,  even  slightly  so  at  ordinary 
temperatm'es. 

This  salt  can  easily  be  prepared  by  passing  dry  ammonia  into  an  ether 
solution  of  tn-chlorobenzoic  acid.  There  is  formed  a  fine,  white,  amor- 
phous precipitate,  which,  when  crystallized  from  alcohol,  gives  a  crystalline 
powder.  It  is  readily  soluble  in  water,  methyl  alcohol  and  ethyl  alcohol, 
and  slowly  so  in  acetic  add.  It  is  insoluble  in  ether.  The  aqueous  sdu* 
tion  is  at  first  neutral,  but  very  slowly  becomes  add.  The  salt  does  not 
give  off  ammonia  in  dry  air,  but  is  slightly  deliquescent. 

Calc.  for  CTHiOiClCNHO :  8.07%.     Pound:    8.01%  N. 

Aiwnoiiium  p-Chlorobenzoate. — ^This  salt  was  also  prepared  by  Korc- 
zynski^  by  the  same  method  used  in  the  preparation  of  the  o-compound. 
It  can  be  prepared  by  passing  ammonia  into  a  saturated  alcoholic  solutioa 
of  the  add.  Glistening  white  laminae  are  thus  formed.  Upon  passinf : 
ammonia  into  a  solution  of  the  add  in  ether,  a  gelatinous  predpitate  is 
formed,  which  soon  changes  to  a  fine,  amorphous  powder.  This  can  be 
crystallized  from  acetone  in  the  form  of  very  fine  needles.  The  salt  is 
soluble  in  water,  methyl  and  ethyl  alcohols,  and  acetic  add.  It  is  also 
somewhat  soluble  in  acetone.  The  solution  of  the  salt  in  water  is  at  first 
neutral,  but  hydrolyzes  slowly  on  long  standing.  The  salt  does  not  deli- 
quesce, and  gives  off  ammonia  only  slowly  in  moist  air. 

Calc.  for  CrH40iCl(NH4):  8.07%.    Prepared  Iq  ether.    Pound:  7*98%  N. 
Prepared  in  ethyl  alcohol.     Pound:  8.04%  N. 

The  three  chlorobenzoates  can  thus  be  readily  prepared  in  ether.  The 
p'Sslt  can  also  be  prepared  in  a  saturated  alcoholic  solution  of  the  add. 
They  are  all  soluble  in  water,  methyl  and  ethyl  alcohols  and  acetic  add. 
They  are  also  soluble  in  acetone,  but  to  a  less  extent  than  in  the  alcdiob, 
and  acetic  acid.  The  ^-salt  is  the  least  soluble  of  the  three.  The  aqueous: 
solutions  of  the  m-  and  p-salts  become  slowly  add,  but  that  of  the  o-salt 
is  very  stable.  Only  the  m-salt  is  slightly  hygroscopic,  and  all  three  give 
off  ammonia  very  slowly  in  the  air. 

The  Bromobenzoic  Acids. 

Ammonium  o-Bromobenzoate. — No  reference  to  this  salt  can  be  found 

• 

in  the  literature.  It  can  be  prepared  by  passing  dry  ammonia  into  an 
ether  solution  of  o-bromobenzoic  add.  The  salt  at  first  predpitates  as 
a  slightly  gelatinous  mass,  which  soon  changes  to  an  amorphous  powder. 
If  ammonia  is  passed  into  an  alcoholic  solution  of  the  add,  or  into  a  solu- 
tion of  the  add  in  a  mixture  of  equal  volumes  of  ether  and  ethyl  alcohol 
no  predpitate  is  formed;  but  if  the  latter  solution  is  allowed  to  evaporate 
in  the  air,  the  salt  forms  in  crystalline  tablets.  The  salt  can  also  be 
prepared  by  passing  ammonia  into  a  solution  of  the  add  in  benzene,  from 
which  it  predpitates  slowly.    A  flocculent  precipitate  forms  at  first  and 
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Tabia 


Sugar*  in  100  cc 

■oltttion  (grama). 

■  ■y     ^k.  ^mm^^^^^m^-^ 

■i»T     ^•^•'      »«***»««% 

»^»p«y. 

Sucrose 

Raffinoae. 

^ 

Polarisations  (corrected). 

Pound 

Pound 

After  first 

After  second 

Number. 

•dded. 

Added. 

(H.ftH.). 

(Creydt). 

OriginaL 

hydrolyaia. 

hydroljTsia. 

I 

12.98 

0.032 

0.042 

0.047 

+50.12 

— 16.09 

— 16.21 

Duplicate 

12.98 

0.032 

0.039 

0.047 

+50.12 

— 16.09 

— 16.20 

2 

12.94 

0.065 

0.049 

0.070 

+50.19 

—15.97 

— 16. II 

Duplicate 

12.94 

0.065 

0.060 

0.072 

+50.16 

—15.95 

— 16.12 

3     . 

12.88 

0.130 

0.127 

0.148 

+50.39 

—15.57 

—15.93 

Duplicate 

12.88 

0.130 

0.144 

0.148 

+50.40 

15.57 

—15.98 

4 

12.75 

0.260 

0.239 

0.268 

+50.87 

— 15.01 

—15.69 

5 

12.62 

0.390 

0.363 

0.403 

+51-25 

—14.33 

—15.36 

6 

12.35 

0.649 

0.648 

0.675 

+52 .  16 

— 13.00 

—14.84 

7 

II. 71 

1.30 

1.27 

1.26 

+53 .  25 

—  9.85 

—13.46 

8 

11.05 

1.95 

1.89 

1.97 

+56.31 

—  6.64 

— 12.02 

9 

10.40 

2.59 

2.48 

2.60 

+58.45 

—  3.56 

— 10.61 

10 

9.10 

3.89 

3.72 

3.89 

+62.65 

+  2.81 

—  7.75 

The  top  yeast  extract  read  +4.97°  in  a  2  dcm.  length,  the  bottom  yeast 
■  extract  +2.56°.  The  tube  length  was  2  dcm.  for  all  the  readings,  the 
temperature  was  accnirately  20°,  and  the  rotations  refer  to  degrees  Ventzke. 
Column  4  is  calculated  from  the  polarization  differences  between  the 
last  two  columns,  as  has  been  described.  By  comparison  of  Columns 
3  and  4,  it  will  be  seen  that  the  estimation  of  raffinose  is  quite  satisfactory, 
and  that  it  appears  possible  to  determine  raffinose  with  fair  acciu'acy 
even  in  case  100  parts  of  sucrose  are  mixed  with  only  0.5  part  of  raffinose* 

The  estimation  of  raffinose  in  the  presence  of  sucrose  may  also  be  made 
according  to  the  method  of  Creydt^  from  a  knowledge  of  the  polariza- 
tions before  and  after  the  first  hydrolysis.  The  fifth  column  of  the  table 
records  the  amounts  of  raffinose  which  may  be  calculated  from  the  Herz- 


feld  formula  of   the  Creydt  method,  R  = 


0.3266  P  +  P^ 

1-554 


in  which  R 


is  the  percentage  of  raffinose,  P  the  direct  polarization  of  the  normal 
weight  (26  g.  per  100  cc.  solution),  and  P'  the  polarization  after  the  .first 
hydrolysis.  The  agreement  with  the  known  values  may  be  somewhat 
better  by  the  Creydt  method  than  by  the  procedure  which  we  propose^ 
but  it  is  to  be  remembered  that  the  Creydt  method  is  not  applicable  in 
case  any  optically  active  substances  other  than  sucrose  and  raffinose 
are  present.  On  the  other  hand,  there  is  apparently  no  reason  for  sup- 
posing that  the  estimation  of  raffinose  in  the  presence  of  any  other  sugars 

*  Z.  Ver.  d.  Zuckerind.,  37,  153  (1887).  For  a  full  discussion  of  this  method,. 
Kc  C.  A,  Browne's  "Handbook  of  Sugar  Analysis,"  1912  edition,  p.  282.  The  authors 
express  their  thanks  to  Dr.  Browne  for  calling  their  attention  to  the  fact  that  Creydt's 
method,  with  Herzfeld's  modification,  is  quite  applicable  to  the  data  recorded  in  the 
table,  although  that  method  presupposes  an  inversion  of  the  sucrose  and  raffinose  by 
add  hydrolysis,  and  the  data  result  from  enzymotic  hydrolysis. 
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The  Nitrobenzoic  Acids. 

Ammonium  o-Nitrobenzoate. — Korczynski^  has  also  prepared  this  salt 

It  can  also  be  prepared  by  conducting  dry  ammonia  into  a  solution  of 

acid  in  anhydrous  ether,  or  into  a  saturated  solution  of  the  acid  in 

alcohol.     It  forms  as  a  slightly  yellowish  white,  amorphous  predpit 

in  ether  or  as  a  white,  finely  crystalline  compound,  having  a  ded( 

yellowish  tinge,  in  alcohol.     It  is  soluble  in  water,  methyl  alcohol, 

alcohol,  and  acetic  acid.     It  is  moderately  soluble  in  acetone.    The 

is  only  sUghtly  hygroscopic,  and  imparts  a  neutral  reaction  to  a  wal 

solution  of  it.    The  aqueous  solution  slowly  hydrol3rzes.    The  salt  is  b 

stable  in  the  air,  losing  its  ammonia  but  slowly  in  mojst  air. 

Calc.  for  CtH4N04(NH4)  :  7 .6 1  %.  Prepared  in  ether.  Pound :  7 .69 %  ammoimim  1 
Prepared  in  ethyl  alcohol.    Poand:  7.59%  ammonium  N. 

Ammonium  m^Nitrobenzoate* — Beilstein  mentions  the  add 
ium  salt,  NH4C7H4(N02)0»  +  C7H6(N02)C)f.    Korczynski*  says  that 
nitrobenzoic  add  takes  up  one  molecule  of  ammonia  at  room  tern] 
ture  and  an  additional  molecule  at  0°  to  — 15°. 

When  ammonia  is  passed  into  a  solution  of  m-nitrobenzoic  add  in  et 
the  neutral  ammonitun  salt  forms  as  a  findy  crystalline,  snow-whij 
predpitate,  soluble  in  water,  methyl  alcohol,  ethyl  alcohol,  acetone, 
acetic  add.    It  is  insoluble  in  ether.     Its  solution  in  water  is  neul 
The  salt  is  stable  in  both  dry  and  moist  air.     Both  the  ammonium  nit 
gen  and  the  total  nitrogen  in  this  salt  were  determined. 

Calc.  for  C7H4N04(NH4):  7-6i%.    Pound:  7.57%  ammonium  N. 
Calc.  for  CTH8Nt04:  15.22%.    Pound:  15.20%  total  N. 

Ammonium  />-Nitrobenzoate. — ^Wilbrand  and  Beilstein'  prepared 
salt  by  dissolving  the  add  in  concentrated  ammonia  water,  and  alloi 
the  solution  to  evaporate  to  crystallization.     A  hot  solution  of  the 
produced,  upon  cooling,  faint  rose-red,  much  streaked,  very  glitt 
leaf-like  crystals  which  were  very  easily  decomposed.     Korczynski^ 
mentions  this  salt,  but  does  not  give  its  properties.    We  obtained 
salt  by  our  method  in  an  ether  solution  as  a  snow-white,  amorpl 
powder,  which  on  analysis  proved  to  be  the  neutral  salt.     Some  of 
salt  was  recrystaUized  from  warm  water  in  the  form  of  small, 
leaflets.    This  was  not  analyzed,  but  it  was  probably  the  add  salt,  as 
aqueous  solution  of  the  normal  salt,  which  is  neutral  at  first,  quickly 
drolyzes  and  becomes  add,  especially  on  warming.    The  color  men< 
by  Wilbrand  and  Beilstein  must  have  been  due  to  impurities. 

The  neutral  salt  is  soluble  in  water,  slowly  soluble  in  ethyl  alcohol, 

soluble  in  methyl  alcohol  and  moderately  soluble  in  acetone.    It  is  insdi 

in  ether.    It  is  not  deliquescent  and  does  not  lose  ammonia  in  the  air. 

^  Loc.  cU. 

'  Ann.,  laS,  261  (1863). 
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Calc.  for  C7H4N04(NH4):  7.61%.    Found:  758%  ammonium  N. 

The  three  nitrobenzoates  can  thus  be  prepared  in  ether.  They  are 
soluble  in  water,  in  the  common  alcohols,  and  in  acetic  acid.  They  are 
less  soluble  in  acetone  than  in  the  other  solvents  mentioned.  Of  the 
three,  the  p-sslt  is  the  least  soluble  in  the  organic  solvents. 

Ammonium  3y5->Dinitroben2oate. — Mention  is  made  of  this  salt  by 
Korczynski.^  Hubner^  states  that  he  used  this  salt  in  solution  to  pre- 
faxt  silver  and  copper  m-dinitrobenzoates.  He  did  not  prepare  the  solid 
4immonitun  salt. 

It  can  be  prepared  by  passing  ammonia  into  an  ether  solution  of  the 
•add  as  a  white,  amorphous  powder,  having  a  slight  yellowish  tinge.  It 
is  soluble  in  water,  methyl  alcohol,  ethyl  alcohol,  acetic  acid,  benzene 
and  carbon  tetrachloride.  It  is  somewhat  soluble  in  acetone,  but  less 
90  than  in  the  other  solvents  mentioned.  It  is  insoluble  in  ether.  The 
«alt  is  not  deUquescent.  It  is  stable  in  dry  air,  but  loses  its  ammonia  very 
^wly  in  moist  air.  Its  aqueous  solution  is  neutral,  and  does  not  hydro- 
lyze  even  on  standing  for  several  days. 

Calc.  for  CTHiNsOe(NH4) :  6.12%.    Pound:  6.11%  ammonitmi  N. 

The  Aminobenzoic  Acids. 

Ammonitim  o-Aminobenzoate. — ^This  salt  can  be  prepared  either  in 
€ther  or  in  a  mixture  of  one  volume  of  acetone  and  two  volumes  of  ether. 
When  prepared  in  ether,  it  is  a  white,  amorphous  powder,  while  in  the 
acetone-ether  mixture  it  forms  fine,  white  needles.  It  is  very  soluble 
in  water,  the  solution  being  neutral  at  first  but  soon  becoming  add.  The 
salt  is  also  very  soluble  in  methyl  and  ethyl  alcohols  and  acetic  acid. 
It  is  moderately  soluble  in  acetone,  and  only  sUghtly  so  in  ether.  It  is 
dightly  deliquescent.  It  does  not  lose  ammonia  in  dry  air,  and  only 
dowly  in  moist  air. 

Calc.  for  CtHiqNiOi:  18.18%.    Pound:  18.14%  total  N. 

This  analysis  was  made  on  the  salt  prepared  in  ether  and  proved  that 
ire  had  obtained  the  neutral  ammonium  salt.  Although  some  of  the 
salts  of  o-aminobenzoic  add  have  been  prepared  and  studied,  no  mention 
of  the  neutral  ammonitun  salt  can  be  found. 

Ammonium  m-Aminobenzoate. — ^As  in  the  case  of  the  ammonium 
:  0-aminobenzoate,  no  reference  to  this  salt  can  be  found  in  the  literatiu'e. 
fit  can  be  prepared  by  pouring  a  saturated  solution  of  the  add  into  ab- 
f  fidute  ethyl  alcohol,  into  which  dry  ammonia  has  been  passed  for  some 
I  time,  into  a  large  amount  of  ether.  Although  the  salt  is  only  slightly  soluble 
I  in  ether,  it  cannot  be  prepared  directly  in  ether  since  the  free  add  is  also 
^  only  slightly  soluble  in  that  solvent.  While  filtering  ofif  the  salt,  pre- 
pared as  above  described,  it  is  necessary  to  keep  the  alundum  crudble 

*  Loc.  cU. 

M»«..  J32,  78  (1883). 
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traction  could  in  any  case  be  observed  with  the  loo  cc.  samples  of  gas 
employed. 

Carbon  monoxide  was  also  tested  for,  but  none  could  be  detected  is; 
loo  cc.  samples  by  either  ammoniacal  cuprous  chloride  or  hydroddoriej 
acid  cuprous  chloride. 

Oxygen  was  determined  by  absorption  in  the  phosphorus  pipet,  butj 
several  .checks  were  also  made  with  alkaline  p3rrogallol. 

For  methane  the  Dennis  combustion  pipet  was  employed^  which  ga^el 
simultaneously  a  determination  of  the  hydrogen  present,  but  the  hydrpgeftj 
values  were  checked  by  the  copper' oxide  method  of  Dennis.* 

The  residue  of  unabsorbable  gas  remaining  upon  completion  of 
analysis  was  called  nitrogen.     In  the  analyses  tabulated  below  nil 
has  been  taken  by  difference. 

The  Composition  of  the  Gas. — As  the  concentration  of  peptone,  m( 
or  liver  in  lactose  media  increases,  the  volume  of  gas  increases, 
increase  in  gas  volume  is  quite  rapid  up  to  4%  peptone,  but  after  s% 
peptone  is  reached,  the*  increase  is  but  slight  in  the  voltmie  percentage 
gas  collecting  in  the  closed  arm  of  the  fermentation  tubes.     Preliminai 
experiments  having  shown  that  the  composition  of  these  gases  remaini 
substantially  the  same  in  the  case  of  media  having  peptone  concentrati< 
above  5%,  it  was  thought  to  be  tmnecessary  to  make  complete  gas  anal; 
of  the  gases  from  all  tubes  of  high  peptone  concentration,  since  COs  d^l 
terminations  alone  would  yield  the  information  desired. 

The  averages  of  the  restdts  obtained  are  given  in  Table  I. 

TABUi  I. 

Peroentace  of  peptone  in  media. 

__A^_  _^ 

1%.     2%.     3%.    4%.     5%.       6%.  7%.  8%,    9%.   10%. 

Carbon  dioxide 26.934.237.738.039.039.5   ..  39.8  39      40 

Hydrogen 70.2  63.2  62.3  58.3  59.0  60.5   ..  60.2  61.0  60 

Nitrogen 2.9    2.6  2.7    2.0 

Methane o       o       o        o        o        o       00         o        a 

Heavy  hydrocarbons -.  o        o-      o        o        o        o        00         o        » 

Carbon  monoxide 00000000         00 

Oxygen o        o*      o        o*       o        

In  order  to  render  easier  the  interpretation  of  these  results  the 
for  the  values  of  CO2  and  H  have  been  plotted  in  Fig.  2. 

The  variations  in  the  percentage  composition  of  the  gases  obtains 

in  different  runs  with  media  prepared  at  different  times  and  inoctdated] 

with  different  sewage  samples  were  less  than  we  anticipated.     In  TaUe] 

II  are  given  the  results  obtained  with  gases  from  4%  peptone.     These 

i  Dennis,  "Gas  Analysis/'  1913  ed.,  147. 

'  Dennis,  Ibid.,  198. 

*  In  a  single  sample  of  both  2%  and  4%,  oxygen  was  present  in  from  o.i  to  o.a%. 
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analyses  are  typical  examples  of  the  variations  obtained  with  other  con- 
centrations. 

Tabls  II. 

Lactoae  media.  Dextrose  media. 

1.          2.           3.           4.           5.  6.           7. 

CariMMi  dioxide 38.0  38.1  38.6  35.0  37.2  38.8  38.4 

Hydrogen 59.9  60.0  59.4  61.6  55.6  59.2  59.5 

Nitrogen 2.0      1.9      2.0      3.4      6.6  2.0      2.1 

Oxygen o.i      o         o         o         0.6  o         o 

Methane o         o         o         o         o  o         o 

Heavy  hydrocarbons o          o          o          o          o  o          o 

Gas  samples  i,  2,  3,  4  were  obtained  from  the  large  tubes  shown  in 
Pig.  I.  Sample  5  consisted  of  the  gases  collected  from  a  large  number  of 
•ordinary  fermentation  tubes,  while  Samples  6  and  7  are  gas  samples  from 


H 


CO^ 


t  i  f  ^r  ^i"T  k  i 


10 


Fig.  2. 


^large  tubes  containing  dextrose-peptone  media,  and  have  been  incor- 
>  porated  in  the  table  to  afford  a  comparison  between  lactose  and  dextrose- 
[containing  media.  It  will  be  noted  that  the  gases  are  substantially  iden- 
tical in  character. 

In  only  three  cases  was  any  evidence  obtained  of  the  presence  of  oxygen 
Jtt  the  gases.  Nor  could  we  obtain  any  measurable  volumes  of  CO2  after 
combustion,  showing,  that  if  methane  is  present,  it  can  be  only  in  minute 
traces.  It  must  be  borne  in  mind,  however,  that  these  analyses  were  made 
^  soon  as  the  fermentation  tubes  reached  the  maximtun  fermentation, 
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i.  e.,  as  soon  as  the  gases  ceased  to  increase  in  volume,  a  condition  usuaDf 
reached  at  the  end  of  from  20  to  26  hours. 

This  system  of  procedure  was  adopted  so  as  to  obtain  as  nearly 
possible  a  correct  gas  composition.     For  it  is  obvious  that  upon  stani 
for  some  hotu's  there  will  be  marked  changes  in  the  composition  of 
gases   because   of    the   relatively   high    solubility   of    CO2   in    aqneoua 
solutions. 

In  the  case  of  dextrose,  Baginsky^  was  the  first  to  point  out  that  met 
is  sometimes  formed,  a  fact  later  confirmed  by  Jesse.  ^  It  remained 
Pennington  and  Kflsel'  to  prove  that  methane  is  formed  only  when  oxy, 
is  present  in  solution  in  the  media:  this  they  did  by  excluding  ozy[ 
from  the  bulb  of  the  fermentation  tube  by  attaching  thereto  an  absorpt 
tube  containing  alkaline  p3n'ogalloL 

Since  the  passage  from  the  closed  arm  to  the  bulb  or  reservoir  of 
fermentation  tubes  was  relatively  small,  we  may  properly  consider 
we  have  an  anaerobic  growth  in  the  closed  arm,  and  that  therefcnne 
observations  of  Pennington  upon  the  fermentative  action  of  the  B. 
group  upon  dextrose  is  confirmed  for  lactose. 

It  occtured  to  us,  in  this  connection,  that  it  might  be  of  interest  to 
and  obtain  a  production  of  methane  by  introducing  oxygen  into  in< 
and  tubes.    With  this  end  in  view  a  number  of  experiments  were  tiii 
using  media  containing  in  one  series  3.5%  and  in  a  second  series  V 
peptone,  and  in  all  cases  1%  lactose,  0.6%  potassium  chloride  and 
acidity  of  1%.     Into  the  large  fermentation  tubes  (Fig.  i)  various  voh 
of  pure  sterile  oxygen  were  introduced  and,  after  inoculation  with  sei 
incubated  at  38®  for  twenty-four  to  twenty-six  hours.    The  gases 
tained  were  then  carefully  analyzed.    The  results  given  in  Table  III 
be  considered  as  typical  of  the  phenomena  observed. 

Table  III. 
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Gas  formed 60.4  58.3 

Carbon  dioxide 39.6  40.4 

Hydrogen 59.2  53.6 

Methane 0.2  0.2 
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Carbon  monoxide 0.0  0.0 
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*  Baginsky,  Z.  physid,  Chem.,  13,  352  (1889). 

*  Jesse,  Univ.  III.  Bull.,  ao,  IX,  47  (191 2). 

'  Pennington  and  Kilsel,  Tms  Journal,  aa,  556  (1900). 
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These  results  appear  to  still  further  substantiate  the  results  of  Pemiiiig- 
ton  and  Kiisd  that  it  is  only  when  oxygen  is  present  that  methane  is 
fonned,  although  we  weiie  able  to  obtain  merely  a  very  small  3rield  of  this 
gas  with  an  atmosphere  of  pure  oxygen  and  analyses  made  at  the  end  of 
twenty-four  hours. 

It  will  be  noted  upon  consulting  Table  II  that  the  total  volume  of  gas 
fanned  upon  completion  of  fermentation,  including  the  oxygen  atmosphere 
in  the  tubes,  was  substantially  constant,  that  is  to  say  that  when  part 
of  the  dosed  arm  of  the  fermentation  tube  is  occupied  by  gas,  less  fer- 
mentation gases  can  collect  therein.  The  gas  volume  is,  therefore,  as  might 
be  expected  proportional  to  the  volume  of  liquid  in  the  closed  arm,  since 
it  is  only  from  this  material  that  the  gas  can  be  formed  and  collect  above 
the  liquid.  To  prove  this  a  large  number  of  experiments  were  tried  with 
fermentation  tubes  with  enlargements  of  different  capacities  in  the  closed 
amis.  In  every  instance  the  volumes  of  gas  formed  by  sewage  organisms 
were  proportional  to  the  volumes  of  culture  media  in  the  dosed  arms, 
and  independent  of  the  length  of  the  closed  arm. 

A  bicx±iemic  problem  of  great  interest  relative  to  mixed  sewage  floras 
is  indicated  by  the  results  tabulated  above.  This  is  the  relativdy  enor- 
mous quantity  of  oxygen  utilized  by  these  bacteria  without  very  materially 
affecting  the  composition  of  the  gases  of  fermentation,  yet  an  excess  of  oxy- 
gen appears  to  be  followed  by  an  increased  percentage  of  CO2  and  a  de- 
aeased  percentage  of  H.  Although  these  biochemic  questions  had  little 
bearing  upon  the  main  objects  of  the  investigation  it  was  thought  that 
determinations  of  final  acidity  might  indicate  how  the  oxygen  had  been 
used  by  the  microorganisms.  Much  to  om*  surprise,  no  change  in  final 
acidity  could  be  noted. 

The  "gas  ratio**  of  an  organism,  as  has  been  stated,  is  commonly  ex- 
pressed as  the  ratio  of  gas  absorbed  by  potassiiun  hydroxide  to  that  un- 
absorbed  by  this  reagent.  The  unabsorbed  residue  is  generally  called 
hydrogen,  and  the  ratio  expressed  as  CO2  :  H  =  a  :  b.  The  analyses  given 
above  indicate  that  the  unabsorbed  gas  consists  of  hydrogen  plus  a  smaH 
percentage  of  nitrogen  and  in  rare  cases  some  oxygen  and  perhaps  methane. 
Calculated  in  the  usual  manner  the  average  gsis  ratios  which  were  obtained 
with  lactose-peptone  media  determined  as  sopn  as  fermentation  ceased 
(20  to  26  hours),  may  be  expressed  as  follows: 

Pcptomc 1%        2%        3%        4%        5%        6%        8%        9%         10% 

1:2.71   1:1.92  1:1.65  1:1.63  1:1.56  1:1.53  1:1.51   1:1.56  1:1.50 

We  may,  therefore,  conclude  that  the  **gas  ratio*'  of  a  mixed  sewage  flora 
or  of  fecal  bacteria  will  probably  vary  from  CO2  :  H  =  i  13  with  low  pep- 
tone concentrations  to  CO2  :  H  =  i   :  1.5  (or  perhaps  even  lower)  with 
high  peptone  concentrations. 
Standard  lactose  media  made  with  500  g.  of  meat  per  liter  and  1% 
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peptone,  comports  itself  toward  this  class  of  bacteria  in  a  maimer  simibrj 
to  media  containing  from  1.5  to  2%  peptone.    If,  therefore,  such 
are  inoculated  with  relatively  large  volumes  of  a  water  sample  the 
centration  of  nitrogenous  material  will  be  thereby  reduced  to  a  point 
that  fairly  wide  variations  in  the  volumes  of  COa,  H,  and  gas  ratios 
be  expected. 

When  high  peptone  concentrations  to  which  meat  had  also  been 
were  employed  the  gases  obtained  were  usually  about  2%  higher  in  C( 
than  when  meat  was  absent.    A  correspondingly  lower  percentage  d 
drogen  was  then  observed. 

The  presence  of  ''enriching  agents,"  such  as  bile,  bile-salt,  or 
appeared  to  affect  neither  the  total  volume  of  gas  formed  nor  the 
position  of  these  gases. 

Pure  cultures  of  B.  coli  isolated  from  sewage,  from  contaminated 
and  from  the  feces  of  horses,  cows,  calves,  sheep  and  pigs  gave  gas 
and  COs  percentages  increasing  with  increasing  peptone  concent 
similar  to  the  values  obtained  with  the  mixed  flora  of  sewage. 

Summary. 

1.  The  gases  formed  by  fecal  bacteria  in  lactose-peptone  media 
crease  in  volume  with  an  increase  in  peptone  concentrations. 

2.  The  percentage  of  COs  present  in  these  gases  of  fermentation  in< 
with  an  increase  in  peptone,  meat  or  liver  until  an  equivalent  of  a] 
mately  4%  peptone  is  reached,  after  which  the  COj  per  cent,  rei 
substantially  constant. 

3.  Hydrogen  decreases  with  a  rise  in  peptone  tmtil  4  to  5%  of 
is  reached  after  which  the  per  cent,  of  this  gas  remains  substantially 
stant. 

4.  The  "gas  ratio"  varies  with  the  concentration  of  the  nit 
material  present  in  the  medium. 

5.  No  methane  appears  to  be  formed  unless  oxygen  (air)  has  free 
to  the  media  and  the  inoculated  meditun  stands  for  over  twenty- 
hours. 

6.  A  small  but  nearly  constant  amount  of  nitrogen  is  found   in 
gases  of  fermentation. 

7.  An  excess  of  oxygen  retards  gas  formation  and  tends  to  in^ 
the  percentage  of  COj. 

8.  The  total  volmne  of  gas  formed  is  proportional  to  the  volume 
liquid  contained  in  the  closed  arm  of  the  fermentation  tube. 

9.  The  presence  of  enriching  agents  retards  gas  formation  but 
not  materially  alter  the  composition  or  total  volume  of  gas  formed. 

Labokatory  of  Sanitaky  CmiMxsntY, 
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BHZYMES:    THE  SYNTHETIC  AND   HYDROLYTIC   OXYNITRI- 

LASE.    PART  n. 

Bt  VmtNON  K.  KUSBU. 
ReceWed  July  8,  1915. 

JRosenthaler^  has  recently  published  a  series  of  papers  which  seemed 
to  indicate  that  emulsin  contains  a  synthetic  as  well  as  a  hydroly tic  enzyme 
for  benzaldehyde-cyanhydrin.  The  contention  that  the  hydroljrtic  en- 
zyme is  distinct  from  the  synthetic  is  such  a  fundamental  one  in  enzyme 
chemistry  that  it  seemed  worth  while  to  investigate  it  still  further,  using 
quantitative  methods.  Bayliss,^  has  repeated  certain  of  Rosenthaler's 
experiments  and  came  to  the  conclusion  that  Rosenthaler's  contention 
is  not  well  founded.  Bayliss'  experiments,  however,  are  not  strictly 
parallel  to  those  of  Rosenthaler's  and  his  conclusion  is,  therefore,  hardly 
justified.  Rosenthaler  used  emulsin  which  he  subjected  to  various  treat- 
ments and  then  studied  its  S3mthetic  action  on  hydrocyanic  add  and 
benzaldehyde,  and  its  hydrolytic  action  on  benzaldehydecyanhydrin. 

QiHbCHO  +  HCN  :^  CH^CHOHCN. 

Bayliss  used  glucose  and  glycerol  to  study  the  synthetic  action  and 
the  corresponding  glycerol  glucoside  to  study  the  hydrolytic  action.  These 
reactions  are  quite  distinct  from  each  other.  Rosenthaler's  is  one  of 
addition  while  Bayliss'  is  a  condensation  reaction  between  an  alcohol  and 
glucose  with  the  loss  of  water.  This  point  seems  important  as  it  has  not 
yet  been  proved  that  the  oxynitrilase  in  emulsin  is  also  the  enzyme  which 
splits  glucose  from  the  benzaldehydecyanhydrin  in  the  glucoside  amygda- 
lin.  In  fact  it  seems  very  unlikely  that  oxynitrilase  has  this  power,  as  the 
preparation  of  the  enzymes  from  the  leaf  of  Prunus  SeroHna  does  not 
Iiydrolyze  salidn  to  glucose  and  the  alcohol  saligenin,'  or  amygdalin  into 
glucose  or  a  disaccharide  and  the  alcohol  benzaldehydecyanhydrin. 
Whether  it  splits  glucose  from  Fisher's  mandelonitrile  glucoside  has  not 
yet  been  determined.  As  Rosenthaler*  did  not  intend  that  his  methods 
of  treatment  would  distinguish  the  hydrolytic  from  the  synthetic  enzyme 
in  any  other  case  except  the  ox3rnitrilases,  it  is  necessary  to  restrict  oneself 
to  the  chemical  reaction  which  he  used,  namely,  the  synthesis  and  hy- 
drolysis of  benzaldehydecyanhydrin.  Unfortunately,  the  cyanhydrin 
reaction  is  a  very  tedious  one  to  study.  We  spent  considerable  time  in 
trying  to  develop  methods  of  analysis  in  order  that  we  might  follow  the 
rate  of  combination.     The  first  method  we  used  was  to  stop  the  reaction, 

*  Biochem.  Z.,  28,  408  (1910);  50,  486  (1913);  Arch.  Phartn.,  251,  56  and  85  (1913). 

•  J.  Physiol.,  46,  236  (1913)- 

•  Krieble,  This  Journal,  35,  1643  (1913). 

*  Biochem.  Z.,  59,  498. 
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extract  the  nitrile  present,  and  then,  hydrolyze  it  with  hydrochloric 
to  mandelic  acid.     The  mandehc  acid  was  extracted  with  ether  and 
the  ether  was  boiled  off  and  the  mandelic  acid  dried  to  constant  wei| 
As  the  mandelic  acid  was  contaminated  with  benzoic  acid  it  was  m 
to  dissolve  it  in  water  and  make  it  up  to  a  definite  volume  and  then 
trate  an  aliquot  part  in  order  to  calculate  the  amount  of  pure  man^ 
acid.     The  method  did  not  prove  satisfactory,  as  mandelic  acid  f< 
an  internal  anhydride  when  evaporated  in  presence  of  traces  of  hy< 
chloric  acid.     The  second  method  was  more  satisfactory  and  depend 
on  the  fact  that  when  a  nitrile  is  hydrolyzed  with  hydrochloric  acid  all 
nitrogen  is  changed  to  ammonium  chloride.     The  nitrile  was 
with  ether  and  then  hydrolyzed  with  hydrochloric  acid  as  before, 
hydrochloric  acid  solution  was  then  made  up  to  a  definite  volume  and 
aliquot  portion  transferred  to  a  Kjeldahl  distillation  flask.     It  was 
strongly  alkaline  and  distilled  into  standard  acid.     Prom  the  amount 
standard  acid  used  one  could  calculate  the  amount  of  nitrile  in  the  orif 
solution.     Before  we  tried  this  method  very  extensively,  we  came 
a  method  devised  by  Wirth*  which  proved  so  very  satisfactory  that 
used  it  exclusively  in  our  later  experiments.    The  method  depends  on 
fact  that  dilute  acid  arrests  the  synthesis  or  hydrolysis  of  mandelonit 
completely.    The  amount  of  free  hydrocyanic  add  can  then  be 
with  the  aid  of  silver  nitrate  and  ammonium  thiocyanate. 

Another  di£Biculty  in  studying  this  reaction  is  its  sensitiveness  to 
traces  of  add.     In  our  earlier  experiments  we  prepared  the  benzaldi 
for  each  experiment  by  shaking  up  a  suitable  amount  of  the  labora! 
stock  with  bicarbonate  of  soda  solution,  then  extracting  it  with  e( 
dr3dng  it  over  anhydrous  sodium  sulfate  and  then  distilling,  collecting 
ether  separatdy.    We  did  not  always,  however,  use  the  benzaldehyde 
once.    Sometimes  it  was  prepared  several  hoiu^  before  we  actually 
it.     In  such  cases  the  aldehyde  would  be  kept  in  a  small  stoppered 
meyer  flask.    We  fotmd  that  we  could  not  get  concordant  results  hi 
way  and  we  finally  traced  the  difficulty  to  the  fact  that  the  addity  of 
aldehyde  varied  suffidently  to  change  the  rate.     We  found,  for  exai 
that  freshly  distilled  benzaldehyde  required  about  2  cc.  of  N/S 
hydroxide  solution  for  neutralization,  but  if  it  was  allowed  to  stand 
night  in  a  stoppered  bottle  it  frequently  required  8  to  10  cc.  of  N/S 
hydroxide  solution.     We  finally  prepared  a  large  amount  of  pure 
dehyde  by  treating  it  with  aqueous  bicarbonate  of  soda  as  already 
scribed  and  then  distilling  it  under  reduced  presstu^  directly  into  a  bi 
When  we  were  finished  with  the  distillation  we  flooded  the  ap] 
with  nitrogen,  exhausted  it,  and  then  filled  a  second  time.     The 
was  disconnected  from  the  distillation  apparatus  and  connected  to  a 

*  Arch.  Pharm.,  249,  382-400  (191 1). 
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reservoir  of  nitrogen.  The  tip  of  the  buret  was  continually  kept  immersed 
in  water.  When  benzaldehyde  was  required  the  tip  was  washed  and  dried 
and,  after  running  out  5  or  6  drops,  the  amount  required  for  the  experi- 
ment was  withdrawn.  In  this  way  we  had  benzaldehyde  for  otu:  experi- 
ments which  did  not  vary  more  in  acidity  than  o.i  cc.  of  N/S  sodium 
hydroxide  for  i  cc.  of  benzaldehyde. 

The  hydrocyanic  acid  was  prepared  by  treating  potassium  ferrocyanide 
with  sulfuric  acid  in  a  distilling  flask  and  then  boiling  off  the  hydrocyanic 
add  and  collecting  it  in  distilled  water.  The  aqueous  acid  was  again 
placed  in  a  distilling  flask  and  the  acid  boiled  off  into  distilled  water.. 
This  operation  of  boiling  off  the  hydrocyanic  acid  into  distilled  water  was 
frequentiy  repeated  to  keep  it  as  pure  as  possible  from  decomposition 
products.     The  aqueous  solution  was  always  dear  and  colorless. 

We  spent  much  time  in  trying  to  prepare  pure  mandelonitrile  but  we 
frankly  admit  that  we  did  not  succeed,  nor  were  we  able  to  buy  a  pure 
specimen.  We  hope  in  a  separate  commtmication  at  a  later  date  to  give 
our  results  on  the  preparation  of  the  nitrile.  The  nitrile  which  we  used 
was  made  in  the  following  way:  28  g.  benzaldehyde,  87  cc.  of  9.2%  HCN 
and  120  cc.  water  were  put  into  a  glass  stoppered  bottie.  Before  dosing, 
the  bottie  was  flooded  with  nitrogen.  It  was  shaken  in  a  shaking  machine 
for  nearly  6  days  when  the  theoretical  amount  of  hydrocyanic  add  for 
pure  nitrile  had  disappeared.  The  oily  layer  was  separated  in  a  separating 
funnd.  It  was  dear  and  colorless,  but  it  was  not  pure  nitrile,  because 
when  it  was  hydrolyzed  it  yidded  only  about  82%  of  the  theoretical 
amount  of  ammonium  chloride.  When  i  cc.  was  added  to  168  cc.  of  water 
it  yidded  only  13.7%  of  free  HCN  while  if  it  had  been  pure  it  should  have 
yidded  19%  of  free  HCN  on  reaching  the  equilibrium  point. 

In  our  experiments  we  studied  the  rate  of  reaction  and  the  equilibrium 
point  between  hydrocyanic  add  and  benzaldehyde  in  the  presence  of 
Qxynitrilase  to  determine  whether  there  was  any  difference  in  the  enz3rme 
obtained  from  various  sources  and  also  in  the  enzyme  obtained  from  the 
same  source,  but  by  various  methods  and  subjected  to  certain  treatments. 
It  is  obvious  that  if  there  is  a  synthetic  and  a  hydrolytic  enzyme  for  a 
certain  reaction  there  must  be  a  difference  in  the  equilibrium  point.  This 
point  has  been  particularly  emphasized  by  Bayliss. 

Experimental. 

The  first  point  we  investigated  was  to  examine  oxynitrilase  from  various 
sources.  We  extracted  wild-cherry  leaves  {Prunus  Serotina),  and  peach 
leaves  collected  in  19 14.  We  also  tried  emulsins,  one  sample  we  ex- 
tracted from  the  kemds  in  peach  stones,  another  from  sweet  almonds,  and 
the  third  was  a  preparation  bought  from  Kahlbaum. 

The  experiments  were  carried  out  in  a  225  cc.  wide-mouthed  bottie. 
It  was  dosed  with  a  cork  which  had  three  holes  in  it.    Through  one  the 
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stirring  rod  passed,  in  the  second  we  inserted  a  glass  tube  to  pass 
gas,  and  the  third  was  used  to  pipet  out   definite  amounts  at 
intervals  of  time.     It  was  closed  when  not  in  use  with  another  cork, 
experiments  were  conducted  in  the  following  manner:     124  cc  of 
was  put  into  the  bottle  with  50  cc.  of  the  enz3rme  solution  and  i  cc.  (i.< 
g.)  of  benzaldehyde.    The  bottle  was  put  into  a  bath  kept  at  25^  and 
contents  of  the  bottle  stirred.    Before  the  stirring  was  started,  h< 
nitrogen  was  passed  through  the  flask  for  several  minutes  to  insure 
all  the  air  was  expelled.     After  a  half  hour,  25  cc.  of  HCN  solution 
added  (containing  0.262  g.  HCN)  and  the  rate  followed  by  pipeting 
20  or  25  cc.  into  a  100  cc.  flask  containing  5  cc.  of  N/s  AgNQs  and  5 
4  N  nitric  add.    The  flask  was  filled  to  the  mark,  the  solution  fill 
throwing  away  the  first  portion  of  the  filtrate,  and  then  titrating  50 
of  the  filtrate  with  a  JV/30  ammonium  thiocyanate  solution.     Nil 
was  circulated  through  the  bottle  for  thirty  minutes  after  the  hy< 
was  added  when  the  equilibrium  was  very  nearly  reached.    Stirring 
discontinued  at  this  point,  too,  as  the  solution  had  become  perf< 
homogeneous. 

The  method  is  not  altogether  satisfactory.     In  the  first  place, 
amount  of  benzaldehyde  used  does  not  completely  dissolve  in  the  amount  < 
water  used,  so  that  the  solution  is  not  homogeneous  at  the  beginning 
the  experiment.    Consequently  there  is  always  the  possibility  of 
withdrawing  equimolecular  quantities  of  aldehyde  and  add   with 
pipet.    There  is  also  the  possibility  that  a  certain  amount  ci  the  aldeh] 
becomes  oxidized  during  the  first  half  hour  before  the  hydrocyanic 
is  added. 

Table  L 

MlUimoks  o<  f  rae 
HCN  per  Uter. 

Prunus  SeroUna  leaves  extract  from  2  g. .  9.1 
Prunus  SeroUna  leaves  acetone  ppt.  from 

extract  of  2.5  g 9.7 

Peach  leaves  acetone  ppt.  from  2  g 9.2  Total  millimoles  6L 

X  g.  emulsin  (Kahlbaum) 10. o  added     per     liter 

I  g.  emulsin  from  sweet  almonds 9.0  Temperature  25 *  C. 

I  g.  emulsin  from  peach  kernels 10. o 

The  emulsin  experiments  were  not  so  satisfactory,  as  25  cc.  of  the  soli 
gave  such  a  bulky  precipitate  in  the  100  cc.  measuring  flask  that 
could  hardly  tell  when  the  liquid  was  exactly  at  the  mark. 

Prom  these  results  one  sees  that  the  equilibrium  point  does  not 
more  than  the  experimental  error  and  certainly  shows  no  evidence  of 
presence  of  a  synthetic  or  hydrolytic  oxynitrilase.     It  is  con< 
however,  that  if  there  are  two  enzymes  they  always  occur  in  the 
ratio  to  each  other.     We,  therefore,  tried  various  lengths  of  time  of 
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tractkm  and  also  various  amounts  of  water  in  the  extraction  to  see  if  a 
solution  could  be  obtained  which  gave  a  different  equilibritun  point.  All 
the  following  experiments  were  carried  out  in  the  wide-mouthed  bottle 
already  described,  at  25  ^ 

Biperiment  i.— 2.5  g.  wild-cherry  leaves  were  extracted  for  3  hours 
with  60  cc.  of  distilled  water.  The  mixture  was  filtered  and  50  cc.  of  the 
extract  added  to  124  cc.  of  di3tiUed  water  and  25  cc.  of  hydrocyanic  add 
(0.262  g.  HCN).  When  the  temperature  inside  the  bottle  had  reached 
25  ^  I  cc.  (1.0285  S')  benzaldehyde  was  added.  At  the  time  indicated, 
10  or  20  cc.  were  withdrawn  and  anal3rzed.  The  second  line  repre- 
sents millimols  of  free  hydrocyanic  add  per  L. 

Mmutes 13  53  134  313        1140        1800 

41.2        23.9  14.4  10.7  9.4         9.3 

Eiperiment  a. — In  this  experiment  the  same  amount  of  a  similarly 
prepared  enzyme  solution  was  used  but  the  method  of  the  experiment 
was  slightly  changed.  The  enzyme  solution  and  distilled  water  were  put 
into  the  bottle,  then  it  was  flooded  with  nitrogen  and  i  cc.  benzaldehyde 
added.    After  ^/s  hour  of  stirring  the  25  cc.  hydrocyanic  add  were  added. 

Minutes 11  30  102  279        1020 

35.4        26.1  15.9  9-9  9.1 

Eiperiment  3, — In  this  case,  the  2.5  g.  of  leaves  were  extracted  for  14 

hours.    Method  same  as  in  Experiment  i. 

Minutes 11  29  85  234    .       464        1260        3300 

42.5        33-5         20.8  13.0  9.3  9.3'         9.1 

Experiment  4* — 2.5  g.  were  extracted  for  24  hrs.  Method  same  as 
Experiment  i. 

Minutes 9  36  145  320        1080 

40.6        33.7  16.8  II. 8  9.7 

Eiperiment  $• — In  this  experiment,  2.5  g.  of  wild-cherry  leaves  were 

eitracted  with  120  cc.  of  water  for  3  hours  and  100  cc.  of  the  extract  used 

instead  of  50.     Only  74  cc.  of  distilled  water  were  used  instead  of  124. 

The  method  was  same  as  Experiment  2. 

Minutes 12  30  90  300        1080 

34.7        26.8     ■    14.8  9.9         9.1 

Experiment  6. — In  this  case,  5  g.  of  leaves  were  extracted  with  60  cc* 
And  50  cc.  used.    Method  as  in  Experiment  2.  ' 

Minutes 12  30  90         300        1080 

35.9       23.5        13.2        II. I         9.1 

We  carried  out  about  20  experiments  with  the  extract  of  the  same 
stock  of  ground  leaves  in  which  the  nitrile  was  extracted  and  hydrolyzed 
and  in  every  case  the  mandelic  add  was  found  active,  the  percentage  of 
active  add  varying  from  40  to  50%  of  the  total  mandelic  add  produced. 


22IO 


VBRNON  K.  KRIEBLS. 


Where  the  extract  was  boiled,  the  mandelic  add  was  inactive.     This 
that  the  leaf  actually  contained  active  oxynitrilase. 

In  the  third  series  of  experiments  we  repeated  some  of  the  met 
which  Rosenthaler  gave  for  separating  the  hydrolytic  enzyme  from 
synthetic  enz3mie.     We  did  not  use  emulsin  as  a  source  of  our  oxynit 
because  it  does  not  produce  a  very  active  nitrile^  and  contains  only 
small  amount  of  oxynitrilase.    The  rate  for  i  g.  of  emulsin  is  a] 
mately  the  same  as  for  75  mg.  precipitated  from  the  extract  of  2  g. 
peach  leaves  with  acetone.    We,  therefore,  used  the  extract  from 
leaves.    The  benzaldehyde  contained  from  0.15%  to  0.2%  benzoic 
when  titrated  in  10  cc.  alcohol  with  N/%  alkali,  using  phenolphtfaalein 
an  indicator.    The  following  table  gives  the  results  tabulated  in 
moles  per  liter: 

Tabl9  II. 

5  mixu  10  min.  15  mln.  30  min.  24  hn.      4S  hz& 

1.  Blank 45.7  44.9  43.8  40.5  9.6 

2.  Precipitated  enzyme 26.1  17.6  16.4  14.3  9.2  No 

3.  Precipitated  enzyme 25.5  19.4  16.7  14.3  11. 6  9.0 

4.  Ptedpitated  enzyme  boiled 39.7  36.5  32.2  27.6  14.6 

5.  Enzyme  treated  with  HCN 25.5  18.6  16. i  13.9  9.8  9.1 

6.  Enzyme  treated  with  benzaldehyde  20.4  16.5  14.2  12.9  9.8  9.3 

The  method  was  the  same  as  described  in  Expt.  2  of  the  last 
i.  e.,  the  enzyme  solution  and  water  were  put  into  the  bottle,  the 
placed  in  the  water  bath  and  flooded  with  nitrogen,     i  cc.  of  ald< 
was  then  added  and  the  contents  stirred  for  Vs  ^oux  before  the  25  cc 
hydrocyanic  acid  were  added. 

Experiment  i  gives  the  rate  at  which  benzaldehyde  and  hydr< 
add  combine  by  themselves  at  this  concentration. 

The  enz3rme  in  Experiment  2  was  prepared  by  adding  5  g.  of 
peach  leaves  in  a  bottle  and  120  cc.  of  water.    The  bottle  was 
and  placed  in  a  shaking  machine  for  3  hours.    The  leaves  were  fill 
through  cotton  wool  placed  on  a  Buchner  funnel.    To  100  cc.  of  the  filt 
250  cc.  of  acetone  were  added,  shaking  the  beaker  containing  the 
during  the  addition.     After  a  few  minutes  a  light  precipitate  f( 
This  was  filtered  on  a  quantitative  filter  paper  placed  in  a  4-inch  Bw 
funnel.     Only  slight  suction  was  used  in  order  not  to  draw  the  preci] 
through  the  filter.    The  enzyme  on  the  paper  was  washed  first  with  a1 
20  cc.  of  95%  alcohol  and  then  with  an  equal  amount  of  ether, 
we  were  ready  to  use  it,  we  placed  the  filter  paper  in  the  bottom  of  a 
beaker  and  added  75  cc.  of  water.     The  beaker  was  swirled  occasi< 
for  several  horn's.     The  solution  was  rinsed  out  with  enough  water  to 
the  voltmie  up  to  100  cc.     50  cc.  was  used  for  each  experiment  and 
tained  about  80  mg.  of  enzyme.    The  second  50  cc.  was  boiled  for  five 
*  Krieble,  Tms  Jouknai*,  35,  1643  (1913). 
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minutes  and  then  made  up  to  50  cc.  again  and  used  in  £xpt.  4.  This 
experiment  shows  that  the  boiled  enzyme  solution  contains  certain  sub- 
stances which  act  as  catalysts.  They  catalyze  the  synthesis  of  the  dextro 
nitrile  as  well  as  the  laevo,  as  the  resulting  nitrile  is  always  inactive. 

The  second  50  cc.  of  the  enzyme  solution  prepared  in  Experiment  3 
was  used  for  a  duplicate  experiment  which  was  carried  out  under  exactly 
the  same  conditions,  but  was  stopped  at  the  end  of  an  hour  and  a  half 
and  the  nitrile  extracted  with  ether.  The  ether  was  boiled  oflF  and  the 
nitrile  hydrolyzed  with  strong  hydrochloric  acid.  It  had  a  volume  of 
25  cc.  after  hydrolysis  and  was  laevo  active  9.05  °  in  a  2  dm.  tube  at  room 
temperature. 

Rosenthaler  had  found  that,  if  i  g.  of  emulsin  in  100  cc.  of  water  was 
treated  with  5  g.  of  benzaldehyde  for  2  hours,  the  resulting  emulsin  re- 
tained its  synthetic  activity  but  the  hydrolytic  property  had  dropped  to 
half  value  under  the  conditions  of  his  experiment.  The  activity  was 
measured  by  the  optical  activity  of  the  nitrile  after  a  definite  interval  of 
time.  No  attention  was  paid  to  the  rate  of  reaction  or  the  equilibrium 
point.  We  prepared  our  extract  as  in  the  previous  experiment,  then  to 
100  cc.  we  added  ^  g.  of  our  pure  benzaldehyde  in  a  glass-stoppered  bottle 
just  large  enough  for  the  experiment.  It  was  put  into  a  shaking  machine 
and  rotated  for  2  hours.  The  enzyme  was  precipitated  with  250  cc.  of 
acetone,  then  filtered  out  and  washed  with  alcohol  and  ether.  It  was 
dissolved  and  made  up  to  100  cc.  in  the  usual  way,  half  of  it  being  used  to 
study  the  rate  of  reaction  and  get  the  equihbrium  point  and  the  other  half 
to  get  the  optical  activity  of  the  nitrile.  The  second  experiment  was 
stopped  at  the  end  of  one  and  one-half  hours.  The  nitrile  was  extracted 
and  hydrolyzed  with  hydrochloric  acid.  It  had  a  volume  of  25  cc.  and  was 
laevo  active  9.30°  in  a  2  dm.  tube  at  the  room  temperature.  Benzaldehyde 
has,  therefore,  no  deteriorating  effect  on  oxynitrilase  so  far  as  its  s)aithetic 
action  goes. 

Rosenthaler  also  found  that  hydrocyanic  acid  partly  destroyed  the 
hydrolytic  power  of  emulsin  on  mandelonitrile  but  had  no  effect  on  its 
synthesis.  He  treated  i  g.  of  emulsin  with  1.35  g.  of  hydrocyanic  add 
ia  100  cc.  of  water  for  2  hours.  We  used  120  cc.  of  water  containing  the 
same  concentration  of  hydrocyanic  acid  (1.35%)  for  the  extraction  of 
5  g.  of  peach  leaves  for  3  hours.  The  enzyme  was  precipitated  and  re- 
dissolved  in  the  usual  way.  Half  of  it  was  used  to  study  the  rate  of  reaction 
and  the  equilibrium  point.  The  results  are  given  in  Expt.  6  in  Table  I. 
The  second  half  was  used  to  determine  the  activity  of  the  nitrile  pro- 
duced. After  hydrolysis  the  volume  of  the  solution  was  25  cc.  and  it 
read  8.85  °  laevo  in  a  2  dm.  tube  at  the  room  temperature. 

The  above  series  of  experiments  were  repeated  on  the  hydrolysis  of  the 
nitrile.    Unfortunately,  we  did  not  succeed  in  preparing  this  substance 
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in  the  pure  state,  as  we  have  ahready  said.    The  samples  we  bought 
even  worse  than  our  own,  so  we  used  the  best  we  had.   Thisnitrile 
ted  so  slowly  in  water  that  no  perceptible  change  was  noticeable 
several  hotu-s.    The  blank  experiment  was  carried  out  as  follows:  196 
of  water  and  2  cc.  (2. 121  g.)  of  nitrile  were  put  into  the  wide-i 
bottle,  placed  in  the  water  bath  at  25  ^  and  stirred  for  30  minutes  in 
to  get  the  solution  saturated  with  nitrile.    3  cc.  of  o.oi  N  alkali 
then  added  and  rate  of  dissociating  followed  by  pipeting  out  di 
amotmts  at  various  intervals  of  time. 

Tabui  III. 

5  15         30        45        IVt      IV4        4         20       44 

mln.     min.     min.     min.     hn.     hrs.       hn.     hn     baj 

1.  Blank 1.562.25  3.153.66            5.30  6.42  6. tl 

2.  Precipitated  eniyme 3.664.42  6.14     ..     6.22     ..     6.226.1 

3.  Bnz3rme  treated  with  HCN  .. .  3.91  4.94  ..     6.09            6.29            6.426. 

4.  Enzyme  treated  with  benzalde- 

hyde 3-77  4*^  5*96     ..       ..     6.09  6.326, 

The  enzyme  preparations  for  Experiments  2,  3,  and  4  in  Table  III 
prepared  in  the  same  way  as  for  the  Experiments  2,  5,  and  6  in  Table 
In  these  experiments,  the  50  cc.  enzyme  solution  was  included  in 
195  cc.  of  water  which  was  put  into  the  bottle  at  the  beginning  of  the 
ment.  2  cc.  of  nitrile  was  then  added  and  the  contents  stirred  for 
minutes.  Then  3  cc.  of  0.0 1  N  sodium  hydroxide  was  added  and  the 
followed  as  usual.  The  figures  in  the  table  represent  millimoles  per 
A  duplicate  experiment  was  carried  out  to  Nos.  2,  3,  and  4,  which 
extracted  with  ether  at  the  end  of  2  hours,  after  the  addition  of 
The  ether  was  boiled  off  and  the  nitrile  hydrolyzed.  The  volume  of 
hydrolyzed  solution  was  25  cc.  in  every  case  and  the  activity  for  the 
experiments  was  +1.12®,  +I.55^  +I.6^  respectively,  in  a  2  dm.  tul 
the  room  temperature. 

It  is  apparent  from  the  above  results  that  benzaldehyde  and  h] 
cyanic  add  have  absolutely  no  injurious  effect  on  the  hydrolytic 
of  oxynitrilase  as  the  rate  of  reaction  and  equilibrium  point  are 
the  same  in  every  case.    The  amount  of  active  nitrile  is  even 
higher  where  the  enzyme  was  treated  with  aldehyde  and  hydroc^anici 
than  where  it  was  not. 

We  do  not  consider  that  Rosenthaler's  method  is  very  well 
for  the  study  of  hydrolysis.     He  suspends  the  nitrile  in  water  and 
passes  a  current  of  air  through  the  suspension,  extracting  whatever 
is  left  at  the  end  of  24  hotus.     It  is  very  likely  that  he  does  not 
arrest  the  reaction  at  the  same  point  as  the  amount  of  nitrile  may 
be  a  variable  quantity  when  the  current  of  air  is  not  actually  mt 
each  experiment.    It  is  also  evident  that  more  or  less  at  the  benzal< 
formed  is  oxidized  to  benzoic  add  which  retaxxls  the  reaction. 
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qaently,  one  cannot  draw  any  very  valid  conclusions  from  his  results  as 
he  only  has  one  point  on  the  curve* 

Rosenthaler  has  suggested  several  other  methods  for  separating  the 
synthetic  from  the  hydrol3rtic  enz3rme;  for  example,  by  treating  emulsin 
with  add  and  then  neutralizing  with  alkali,  by  partial  precipitation  with 
ammonium  sulfate  and  copper  stilfate.  We  have  repeated  some  of  these 
experiments  but  we  cannot  interpret  the  results  correctiy  until  we  have 
made  a  further  study  of  the  effect  of  inorganic  salts  on  the  rate  of  reaction. 
There  is,  however,  no  evidence  of  a  change  in  the  equilibrium  point  though 
there  is  a  marked  change  in  the  rate  of  the  reaction. 

Conclusions. 

1.  It  is  necessary  to  prepare  a  stock  of  pure  benzaldehyde  and  to  keep 
it  over  nitrogen  in  order  to  obtain  comparable  results  in  the  S3aithesis 
of  manddonitrile. 

2.  There  is  no  evidence  of  a  variation  in  the  equilibrium  point  in  the 
synthesis  of  manddonitrile,  even  though  the  oxynitrilase  is  -obtained 
from  widdy  diversified  sources. 

3.  As  far  as  investigated,  there  is  no  evidence  of  the  possible  separa- 
tion of  a  iiydrolytic  from  a  S3mthetic  enzyme  in  a  preparation  of  oxyni- 
trilase when  treated  according  to  methods  suggested  by  Rosenthaler. 

We  are  continuing  the  study  of  the  general  properties  of  oxynitrilase 
and  expect  to  repeat  all  the  other  methods  suggested  by  Rosenthaler  for 
the  separation  of  the  hydrolytic  from  the  synthetic  enz3rme. 

Momruuio  Cakada. 
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ON  THE  REACTION  OF  THE  PANCREAS. 

By  J.  H.  LONO  AND  P.  FBN09R. 

Reeeived  Joly  26.  1915. 

It  is  well  recognized  that  the  so-called  pancreatic  juice  has  a  distinct 
alkaline  reaction  which  has  been  expressed  in  different  terms.  The  degree 
of  alkalinity  varies  with  the  condition  of  the  alimentary  tract  with  refer- 
ence to  presence  of  food  and  with  other  factors  as  well.  With  lowered 
food  ingestion  the  alkalinity  decreases,  as  has  been  shown  by  the  investi- 
gations of  Glaessner,^  Schumm*  and  others.  The  latter  fomid  the  re- 
action of  the  human  pancreatic  juice  from  a  temporary  fistula  to  be  equiva- 
lent, in  the  mean,  to  about  0.6%  NaaCOa.  The  alkalinity  found  by 
Claessner  was,  apparentiy,  much  less,  and  similar  values  have  been  re- 
ported  by  EUinger  and  Cohn.'    Observations  made  by  Wohlgemuth* 

'  Z.  physiol,  Chem.,  40,  465. 

*  Ihid.,  36,  292. 

*  EUinger  an<l  Cohn,  Z.  physiol.  Chem.,  45,  28. 

*  Wohlgemuth,  Biochem.  Ztschr.,  39,  302. 
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on  the  flow  from  a  pancreatic  fistula  gave  a  degree  of  alkalinity  apprai 
mately  that  reported  by  Schumm.    AU  authorities  agree  that  the  hi 
pancreatic  juice  is  distinctly  or  even  strongly  alkaline.     In  ex 
on  the  reaction  of  the  juice  from  a  fistula  made  on  a  dog  Auerbacli 
Pick^  found  the  true  alkalinity,  as  measured  by  the  potential  me 
relatively  lower  than  for  the  human  juice.    They  suggest  that  the 
reaction  of  the  liquid  which  has  not  lost  carbonic  acid  may  be  ap 
mately  neutral.    By  the  use  of  the  potential  method  Foa*  has  found 
juice  from  a  dog  to  be  slightly  alkaline.     In  the  mean  the  hydrogen 
oentration  was  about  Ch  =  0.0085  X  lo""^. 

All  investigations  thus  far  available  have  dealt  with  a  secretion, 
secured  by  aid  of  a  temporary  or  permanent  fistula.    The  reaction 
fotmd  is  not  necessarily  that  of  the  organ  itself  or  the  press  juice  from 
We  have  thought  it  worth  while  to  determine  the  nattu^e  of  the 
in  the  fluid  pressed  out  from  the  pancreas,  or  other  organ,  and 
some  results  on  the  pancreatic  fluids  of  several  animals  will  be  re 
The  water  content  of  this  organ  is  about  75%,  in  the  mean,  but  m 
this  can  be  separated  only  by  a  drying  operation,  since  the  cells  hold 
water  very  tenaciously. 

When  the  fresh  pancreas  of  the  steer,  hog  or  sheep  is  removed  from 
body  immediately  after  death,  cut  open  and  tested  with  fresh  B 
paper,  a  well-defined  acid  reaction  is  always  observed.    This  is  the 
no  matter  how  quickly  the  test  is  made,  and  even  before  the  organ  is 
moved,  and  it  persists  after  the  latter  has  been  chilled.     It  appears  to' 
normal. 

We  attempted  to  press  out  the  liquid  from  the  minced  glands  by 
aid  of  a  powerful  laboratory  press,  but  the  product  so  secured  was 
clear  and  at  best  was  more  like  a  fine  emulsion.     In  some  trials  the 
were  ground  up  with  sharp  sand  so  as  to  more  thoroughly  disrupt  the 
walls,  but  the  results  were  imsatisfactory.     Finally,  it  was  found 
a  very  good  separation  could  be  obtained  by  centrifugal  action.     P 
of  the  minced  glands  of  about  75  g.  each  were  packed  in  the  large 
of  the  high  power  machine  employed,  four  or  eight  of  these  tubes 
placed  in  the  centrifuge  at  one  time.     By  rotating  at  a  speed  of 
3000  revolutions  per  minute  through  45  minutes  the  contents  of  each 
separated  into  three  clearly  defined  layers,  in  this  order;    below  a 
layer  making  up  about  50%  of  the  whole,  above  this  a  more  or  less  r 
liquid  layer,  often  quite  clear,  and  making  often  as  much  as  25%  of 
whole  contents,  and  finally  a  top  layer  containing  much   fatty 
along  with  part  of  the  protein  tissue  of  the  gland.     In  amount  this 

•  '  Chem.  Zentr.,  x,  444  (1913}-  « 

*  Foa,  Arch,  di  fisiol.,  3,  390  (1906);  through  Neuberg's  Handbook,  II. 
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was  sometimes  in  excess  of  the  middle  watery  layer,  and  sometimes  less. 
After  removing  the  tubes  from  the  centrifuge  and  chilling  them  in  ice 
water  it  was  found  possible  to  separate  the  hquid  layer  from  the  other  layers 
veiy  completely.  On  filtration  this  liquid  was  secured  in  bright,  clear 
condition.  Some  investigations  as  to  the  nature  of  the  ferment  activity 
in  the  three  layers  along  with  approximate  composition  are  in  progress, 
but  in  this  place  the  question  of  the  reaction  of  the  liquid  layer  alone  con- 
cerns us. 

As  the  filtered  liquid  always  possessed  a  more  or  less  reddish  or  yellowish 
red  color  it  was  not  possible  to  measure  the  reaction  by  one  of  the  indi- 
cator methods.  Besides,  the  protein  content  was  high  in  most  of  the  juices 
and  this,  also,  would  have  added  to  the  tmcertainty  of  the  indicator 
action.  As  it  is  possible  to  secure  plenty  of  the  separated  juice  the  poten- 
tial method  of  meastu'ement  was  found  to  offer  the  easiest  solution  of  the 
problem,  and  in  the  work  we  employed  Hasselbalch  cells  along  with  a 
calomel  electrode  maintaining  a  temperature  of  20°  as  nearly  as  possible 
throughout  the  observations.  The  cells  used  were  frequently  controlled 
by  aid  of  phosphate  mixttu'es  of  known  potential  value.  With  a  mixture 
of  equal  volumes  of  Soerensen's  primary  and  secondary  phosphates  we 
found  Ph  values  amotmting  to  6.803,  in  the  mean.  For  different  cells 
the  extreme  values  were  6.784  and  6.822.  Occasionally  two  hydrogen 
electrodes  were  employed  for  comparison  but  work  with  the  N/io  calomel 
electrode  gave  the  most  satisfactory  control.  For  work  at  20°  we  used  the 
reduction  formula 

p     _  y  —  03379 
0.0582 

Observations  have  been  carried  out  on  liquids  from  beef,  hog  and  sheep 
pancreases,  the  glands  being  removed  immediately  from  the  slaughtered 
animals  and  worked  up  without  delay.  No  time  was  given  for  any  fer- 
ment or  other  change  as  the  centrifuge  separation  and  the  potential 
measurements  were  carried  out  within  an  hour  or  two  after  death  of  the 
ammal.  It  was  found,  however,  that  the  potential  remained  constant 
through  many  hours  in  the  cell,  in  fact  over  night  in  some  trials  made. 
This  is  a  consideration  with  some  bearing  on  the  explanation  of  the  reaction, 
as  we  believe  we  observe  here  the  true  normal  reaction  of  the  organ. 

Beef  Pancreas  Juices. 
Samples  were  secured  and  examined  on  the  dates  given  below.  It  is 
possible  that  a  seasonal  variation  may  be  found  in  the  examination  of 
pancreases  of  animals  slaughtered  in  the  winter,  and  such  a  test  we  have 
in  mind.  The  filtered  juices  in  all  these  cases  remained  perfectly  dear 
during  the  tests,  although  they  occasionally  deposited  a  protein  pre- 
cipitate later,  which  precipitate  is  soluble  in  weak  salt  solution. 
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Date. 

Ph. 

Ch. 

June   II 

5.525 

29.8  X  10-^ 

17 

5.469 

33-9 

18 

5.451 

35.4 

23 

5.578 

26.4 

29 

5.602 

25.0 

30 

Mean, 

5.597 

25 -3 

5.537 

29.3  X  10-^ 

Hog  Pancreas  Juices. 

These  resemble  the  beef  jtiices  in  most  respects,  but  are  lighter 
color.  The  same  difference  shows  in  the  minced  glands  and,  but  not 
distinctly,  in  the  whole  glands.  Collections  and  tests  were  made  on 
following  dates: 


Date. 

Ph. 

Ch. 

June   10 

5609 

24.6  X  lo-T 

II 

5. 548 

28.3 

17 

5.447 

35.7 

18 

5.489 

32.4 

23 

5.595  • 

25.4 

29 

5.574 

26.7 

30 

5.552 

28.1 

July      6 

5.530 

29.5 

7 

5.524 

29.9 

Mean,  5.541 

28.9  X  io-» 

It  is  plain  that  the  hydrogen  concentration  values  for  the  two 
of  pancreases  are  nearly  constant  and  about  the  same  for  the  two 
We  have  reason  for  believing  that  the  values  for  Ph  on  Jtme  17th  and  il 
are  a  little  low  for  both  sets  of  observations,  because  of  a  slight  error 
the  potential  reading  which  was  not  recognized  until  too  late  to 
a  proper  correction.  We  are  certain  that  with  this  correction  the 
would  be  much  like  the  others  for  these  days.  In  digestive  actii 
however,  and  other  properties  the  two  kinds  of  glands  show  no  similu 

Sheep  Pancreas  Juices. 

The  digestive  activity  of  the  pancreas  of  the  sheep  has  been  but 
investigated,  and  in  our  experiments  we  have  found  the  action  on  si 
rather  weak.    The  tryptic  power  appears  to  be  stronger.     No  comi 
use  is  made  of  these  pancreases.    The  juice  pressed  out  or  separated 
a  centrifuge  is  in  general  higher  in  color  than  was  found  for  the 
glands,  and  appears  to  be  richer  in  solids.     For  this  reason  the  pre] 
of  a  clear  liquid  is  attended  with  greater  diJficulties,  and  the  pot 
tests  must  be  made  with  greater  dispatch  because  of  the  rather  rapid 
aration  of  a  protein  precipitate.    We  add  a.  few  results  obtained 
this  type  of  juice. 
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Date. 

Ph. 

Ch. 

July      6 

3.575 

26.6  X  10-^ 

7 

5.913 

12.2  X  io~^ 

14 

5.602 

25.0  X  io~' 

14 

5.623 

23.8  X  io~^ 

27 

5.976 

10.5  X  lo"^ 

27 

5.976 

10.5  X  io~^ 

In  these  few  liquids  the  hydrogen  concentrations  are  not  as  regular  as 
in  the  cases  of  the  hog  and  beef.  For  two  of  the  dates  the  values  are 
approximately  the  same  as  found  for  the  other  juices,  but  the  sample  of 
Jnly  6th  shows  a  high  acidity.  In  this  case  very  little  fat  was  present 
and  in  some  other  points  the  .behavior  was  abnormal.  The  liquid  was 
not  dear  as  in  the  other  juices  examined,  and  this  may  have  had  a  bearing 
on  the  result.  The  two  juices  secured  on  July  14th  are  much  alike  and 
were  obtained  in  perfectly  dear  condition.  These  resemblances  to  the 
hog  and  beef  juices  are  very  striking.  The  two  juices  of  July  27th  are  from 
young  lambs,  and  while  they  are  practically  identical  in  freezing  point, 
—1. 14  and  — 1. 15,  and  in  addity,  they  differ  slightly  from  the  earlier 
samples.  But  all  of  the  addities,  excepting  the  first,  are  of  the  same  order,, 
and  are  probably  rdated  to  the  blood  in  the  same  general  manner. 

In  the  centrifugal  separation  of  these  fluids  some  temperature  is  devdoped 
in  the  machine  because  of  the  very  high  speed  of  rotation.  Care  must 
be  observed  to  keep  this  down  by  frequent  opening  of  the  centrifuge,  to 
avdd  an  alteration  in  the  digestive  power  of  the  fluids  or  a  possible  change 
in  their  composition.  In  the  preparation  of  muscular  juices  for  study 
Fletcher  and  Hopkins^  have  observed  that  the  addity  varies  greatly 
with  the  process  followed  in  grinding  the  pulp  and  especially  by  the  tem- 
perature obtaining.  In  this  case  the  add  devdoped  is  largdy  lactic  add, 
and  while  the  situation  is  quite  distinct  from  that  in  our  liquid,  it  is  to 
be  recognized  that  the  temperature  might  be  a  factor.  The  fact  of  the 
rather  marked  constancy  in  the  results  speaks  against  any  very  appred- 
able  heat  effect.  In  any  event  the  temperature  should  not  be  allowed  to 
go  above  the  normal  body  temperature.         ' 

The  add  reaction  of  the  pancreas  is  tmdoubtedly  the  normal  one,  and 
it  has  been  overlooked  because  the  duct  flow  from  a  fistula  is  so  plainly 
alkaline.  This  reaction  is  what  should  be  expected  when  it  is  recalled 
that  the  source  of  both  liquids  is  the  nearly  neutral  blood  with  its  high 
content  of  primary  and  secondary  phosphates.  In  the  normal  activity 
of  the  gland  the  work  of  the  cells  results  in  sending  an  excess  of  one  phos- 
phate to  the  intestine  while  an  excess  of  the  other  is  retained  to  make 
the  gland  tissue  slightly  add.  We  find  that  this  add  liquid  is  very  rich 
in  add  phosphate,  while  the  ordinary  pancreatic  juice  contains  an  excess 
of  the  secondary  phosphate,  which  is  partly  responsible  for  the  reaction 
*  /.  Physiol.,  35,  247. 
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usually  ascribed  to  carbonates.    The  amount  of  carbonate  in  the 
juice  is  small. 

Similar  liquids  may  be  separated  from  other  organs  and  the  reaction 
is  frequently  add.  This  we  have  fotmd  in  the  liver.  The  bile  from  tbe 
liver  is  commonly  spoken  of  as  alkaline  but  this  is  not  alwa3rs  the  case, 
and  perhaps  not  normally.  Much  depends  on  the  age  of  the  examined] 
bile  as  far  as  the  reaction  is  concerned,  and  the  fresh  bile  is  nearly  neutral 
or  even  acid,  when  examined  by  the  potential  method.  We  are  twalriiy 
a  more  thorough  study  of  the  reactions  of  a  number  of  the  fluids  wfai^ 
may  be  separated  from  various  organs  by  the  centrifugal  method. 

The  normal  blood  reaction  is  approximately  Ph  =  7.52,  whidi  may  bi 
easily  duplicated  by  proper  mixtures  of  primary  and  secondary  phospi 
or  by  combination  of  these  with  sodium  bicarbonate,  as  shown 
by  h.  J.  Henderson.^  With  a  mixture  of  about  8.5  volumes  of  mdec/i 
secondary  phosphate  with  1.5  volume  of  primary  phosphate  of  the 
concentration  we  have  approximately  the  blood  reaction,  while  9  vol 
of  the  primary  phosphate  and  i  volume  of  the  secondary  phosphate, 
of  the  molec./i5  concentration,  gives  about  the  reaction  we  find  ii 
the  liquids  from  the  pancreases.  A  reversal  of  these  last  proportions  fm 
nishes  a  reaction  such  as  we  sometimes  find  in  the  fistula  juices.  It  m 
evident  that  a  change  in  the  proportions  in  which  the  two  phosphate^ 
are  mixed  would  account  for  the  various  degrees  of  acidity  or  alkalinity 
we  note  in  the  two  kinds  of  pancreas  liquids. 

A  selective  secretion  from  a  mixture  of  secondary  phosphate  and  bi 
bonate  would  lead  to  the  difference  in  reaction  observed  between  the  li< 
retained  and  that  excreted  by  the  pancreas.    The  reaction  of  the 
juice  is  that  of  a  normal  carbonate,  rather  than  bicarbonate,  which 
be  accounted  for  through  the  ceU  activity  working  in  this  manner. 

Na2HP04  +  HNaCOa  =  NaHjPO^  +  Na»CO,, 

the  primary  phosphate  resulting  being  more  largely  retained  within 
organ  while  the  carbonate  is  thrown  to  the  duct  or  fistula.     The  fi 
cut  surface  of  the  pancreas,  or  the  separated  liquid,  will  usually  lil 
carbon  dioxide  from  solution  of  bicarbonate  added,  just  as  we  have 
liberation  of  the  gas  when  we  mix  properly  diluted  solutions  of  bicarl 
and  primary  phosphate.    The  centrifugal  liquid  yields  1.5%  or  more 
ash,  over  half  of  which  is  in  the  form  of  P2O6,  and  this  phosphoric 
content  is  apparently  nearly  constant  in  the  various  juices  examined, 
matter  will  be  discussed  elsewhere,  as  will  also  the  general  question 
the  composition   of  the   several   fractions   referred  to  above,  and 
behavior.     It  may  be  remarked  here  that  a  very  sharp  amylolytic 
tivity  was  found  in  the  liquid  fraction,  as  well  as  characteristic 

^  Ergebnisse  der  Physiol,,  8,  254. 
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behavior,  without  the  addition  of  any  form  of  activator.    The  minced 
Inland  itself  furnishes  all  that  is  necessary  to  activate  the  trypsinogen. 

ConcluBions. 

We  have  shown  that  it  is  possible  to  separate  the  true  press  juice  from 
the  minced  pancreas,  and  best  by  aid  of  a  powerful  centrifuge  operating 
at  a  speed  of  3000  revolutions,  or  over,  per  minute.  In  the  centrifugal 
separation  the  minced  mass  divides  into  three  layers  of  distinct  proper- 
ties. The  lower  layer  is  largely  protein,  the  middle  layer  a  dear  liquid, 
and  the  upper  layer  solid  with  much  fat  present. 

The  liquid  layer  has  a  marked  acid  reaction,  as  distinct  from  that  of 
the  so-called  pancreatic  juice,  which  reaction  is  nearly  a  constant  for 
beef  and  hog  glands.  The  juice  is  rich  in  phosphates  and  the  reaction 
seems  to  be  due  to  add  phosphate.  This  reaction  may  be  as  constant  and 
characteristic  as  is  that  of  the  blood  and  may  be  expressed,  approximately, 
by  the  relation, 

Ch  =  29  X  lo"^. 

Cmciuso.  luu 
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This  investigation  was  undertaken  to  correlate,  if  possible,  the  amounts 
of  the  various  chemical  groups^  (i)  in  the  soil  With  its  humic  acid,  (2) 
in  the  soil  and  its  humic  add  with  the  kind  of  organic  fertilizer  previously 
appUed  to  the  soil,  (3)  in  the  soil  and  its  humic  acid  with  similar  groups 
found  in  pure  proteins,  and  (4)  to  compare  the  amounts  of  amino  acid 
nitrogen,  as  such,  in  the  soil  with  that  found  by  hydrolysis.  No  study 
of  just  this  nature  has  ever  been  made.  Several  investigators,  in  recent 
years,  subjected  the  solution  obtained  by  boihng  the  soil  with  strong 
adds  to  the  Osborne  and  Harris-Hausmann  method.  Kelley  and  Thomp- 
son' analyzed  the  alkali  extract  and  the  humic  adds  of  several  soils  by 
this  same  method. 

Suzuki'  analyzed  three  humic  adds  rather  extensively.  Humic  add 
A  was  a  Merck  product,  origin  unknown  to  Suzuki.  Humic  adds  B 
and  C  were  prepared,  respectively,  from  an  unmanured  soil  and  a  compost 

^  Van  Slyke,  /.  Biol,  Chem,,  10,  15  (1910). 
>  Tms  JouRNAi,,  36,  438  (19x4). 
*  BM,  Col.  Tokyo,  7,  513  (1907). 
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heap.  Bach  add  was  boiled  for  ten  hottrs  with  strong  hydrochloric 
Besides  other  determinations,  the  amount  dissolved,  the  amide,  baac 
and  nonbasic  nitrogen  were  determined.  65-75%  ^^  ^^  total  nitrogen 
was  dissolved  by  the  add,  and  in  the  extract  41-62%  of  the  nitxpgen 
was  not  predpitable  with  phosphotungstic  add.  A  large  sanqde 
of  the  humic  add  A  was  then  hydrolyzed  and  the  quantitative  separa- 
tion of  the  amino  adds  by  the  Fisher  method^  carried  out.  Small 
amotmts  of  most  of  the  protein  amino  adds  were  obtained.  This  work 
showed  that  at  least  part  of  the  htunic  acid  was  of  a  protein  nature.  It  is 
unfortunate  that  the  origin  of  the  add  was  unknown  to  Suzuki.  He 
states  that,  according  to  its  general  behavior,  it  probably  was  prepared 
from  peat. 

Since  about  half  of  the  experimental  work  in  connection  with  this  in- 
vestigation was  completed,  a  paper  has  appeared  by  Lathrop*  in  which] 
he  gives  analysis  of  "base  goods"  fertilizer  by  the  Van  Slyke  method.' 
The  comparison  of  our  results  with  those  obtained  by  him  will  be  of  some^ 
interest  and  will  be  taken  up  in  the  experimental  part  of  this  paper. 

The  soils  used  in  this  work  were  obtained  from  experimental  plots 
maintained  by  this  Station  and  are  located  on  the  Wisconsin  drift  area. 
'  They  consist  of  1/20  acre  plots  situated  side  by  side  and  separated  by 
four  foot  alleys  and  are  numbered  loi  to  114.  In  this  work  soil  from 
loi,  102,  103,  104,  106,  107,  and  108  was  used.  There  is  a  slight  slope 
from  plot  114  to  loi.  Previous  to  1907  indusivdy,  the  soils  had  re- 
ceived the  ordinary  farm  cultivation.  Since  that  time  the  soils  used  by 
us  have  received  the  following  treatments: 


Plot.  Cultiyation.  Treatment  per 

loi Timothy  annually  Nothing  added 

102 Fallowed  2  T.  peat  annually 

103 Fallowed  8  T.  manure  190^1913 

104 Fallowed  8  T.  dover  1909-1913 

106 Fallowed  2  T.  timothy  annually 

107 Fallowed  Nothing 

108 Fallowed  2  T.  oat  straw  annually 

In  addition  to  these  soils  a  peat  soil  taken  from  one  of  the  Station  pasturet 
was  used.  The  soils  were  all  collected  during  the  winter  of  I9i4~i9ij> 
iminediately  air  dried  and  grotmd.  In  order  to  render  the  humus 
soluble  the  soils  were  all  extracted  with  1%  hydrochloric  acid  in  the 
usual  manner. 

In  Table  I  are  given  the  amotmts  of  nitrogen  extracted  by  the  acid, 
together  with  the  total  nitrogen  of  the  soil. 

*  Z.  physid,  Chem.,  33,  151,  412  (1901). 

•  /.  Ind.  Eng.  Chem.,  7,  228  (1915). 
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Tablb  I. 

Nitrogea  extracted  by  1%  HCL 

Total  nitrogeii  In  per  ceat.  In  per  cent. 

SoO.  in  per  cent.  of  soil.  of  total  N. 

lOl 0.306  0.00490  1.60 

102 0.336  0.00406  1.23 

103 0.300  0.00546  1.82 

104 0.270  0.00392  1.42 

106 0.245  0.00406  1.66 

107 1.234  0.00532  2.27 

108 0.224  0.00504  2.27 

Peat 1.770  o. 01 191  0.673 

In  considering  the  total  nitrogen  values,  it  must  be  remembered  that 
there  is  a  gentle  slope  down  to  plot  loi  and  hence  there  is  a  tendency 
for  these  plots  to  contain  more  nitrogen  than  those  higher  up.  In  the 
case  of  the  results  for  the  amount  of  nitrogen  extracted  by  the  1%  add, 
the  differences  are  not  marked.  Both  the  peat  and  the  peat  treated  soil 
bemg  low,  shows  that  the  peat  has  not  lost  its  character  after  entrance  to 
the  soil. 

The  soils  were  in  all  cases  hydrolyzed  in  the  same  way,  namely,  by 
boiling  one  part  of  soil  with  two  parts  of  22%  hydrochloric  add  for  48 
hours.  At  the  end  of  this  period  the  mixture  was  allowed  to  cool  some- 
what, filtered  and  washed  until  free  from  chlorides.  The  filtrate,  com- 
Uned  with  the  wash  water,  was  evaporated  to  about  200  cc.,  made  up  to 
exactly  250  cc.,  and  two  25  cc.  portions  were  taken  for  analysis  for  total 
nitrogen.  The  200  cc.  remaining  were  divided  into  two  portions  of  100 
cc.  and  the  Van  Slyke  method,  exactly  as  outlined  by  the  originator, 
iras  applied  to  each  portion.  Cystin  nitrogen  was  analyzed  for  in  the 
case  of  two  soils,  but  only  a  questionable  trace  was  found  in  each  case, 
80  that  for  the  remaining  soils  this  determination  was  omitted.  No 
doubt  the  cystin  was  decomposed  by  the  long  treatment  with  the  add. 

It  is  not  thought  that  the  nitrogen  as  found  by  the  Van  Slyke  method, 

working  with  such  a  complex  as  the  soil,  is  in  reality,  all  lysine,  histidine, 

etc.,  nitrogen.     It  might  be  said  that  each  group,  as  fotmd,  represents  a 

dass  of  compounds  having  the  particular  reaction  by  which  the  lysine, 

histidine,   etc.,   nitrogen,   respectively   are   determined.     For  extraction 

We  have  arbitrarily  shaken  25  g.  samples  of  the  soils  with  100  cc.  of  1% 

podium  hydroxide  for  five  hours.     The  mixture  was  then  centrifuged  in  a 

high  speed  machine.^ 

Most  investigators,  in  preparing  humic  adds  have  predpitated  the 

humus  solutions  by  slight  addification  with  one  of  the  mineral  adds, 

hut,  as  has  been  shown  by  Shorey,*  upon  neutralizing  the  filtrate  from  the 

humic  adds  another  predpitate  is  given  which  contains  nitrogen.     This 

^  For  description  see  Iowa  Sta.  BuU.,  No.  124  (191 1). 
*  U.  S.  Dept.  Agr.,  Hawaii  Sta.  Rept.,  1906,  p.  51. 
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is  to  be  expected  if  the  humus  solution  contains  any  protein  materiaL  In 
view  of  this  and  because  of  the  rather  general  use  of  dilute  acetic  add  as 
a  protein  precipitant,  it  was  decided  to  try  the  use  of  this  reagent.  Tabk 
II  gives  the  results  of  some  preliminary  tests.  One  per  cent,  sodium 
hydroxide  was  the  extractive  reagent  throughout.  Twenty  cc.  portions 
were  carefully  neutralized  with  sidfuric  acid  and  then  sufficient  io% 
acetic  acid  added  to  give  the  desired  strength.  The  mixtiu'e  was  heated 
at  the  boiling  point  for  15  minutes  and  then  filtered  by  suction  through 
paper  pulp,  and  the  precipitate  washed  with  the  same  strength  acid  as 
the  solution  from  which  it  had  originated. 

Tabids  II. 


SeU. 


103. 


107. 


Strength  acetic  add  (%) 0.5     i.o     1.5      0.5     i.o     1.5 

Nitr.  ppt.  in  %  total  N 63.755.655.0    73.770.068.1 


0.5      1.0     X.5 
87.0  83.4  81.3 


While  it  is  possible  that  a  weaker  add  might  have  precipitated  a  greater 
amount  of  nitrogen,  it  was  found  to  be  extremely  difficult  to  filter  such  a 
mixture. 

The  humic  acids  used  in  the  subsequent  analysis  were  prepared  as 
follows:  150  g.  of  the  add  extracted  soil  were  placed  in  an  800  cc.  bottle 
and  shaken  5  hours  with  1%  sodium  hydroxide  and  then  immediately 
centrifuged.  Precautions  were  taken  to  keep  the  loss  of  ammonia  as 
low  as  possible.  The  extract  so  obtained  was  very  carefully  neutralized 
to  litmus  with  sulfuric  add  and  then  suffident  strong  acetic  add  to  give 
a  0.5%  solution  was  added.  The  mixture  was  heated  at  the  boiling  point 
for  15  minutes,  and  filtered  by  suction  on  a  Buechner  funnd  containing 
two  thicknesses  of  a  good  filter  paper.  After  filtration  the  precipitate 
was  transferred  to  a  flask,  22%  l^drochloric  added  and  then  the  mixture 
was  hydrolyzed  for  48  hours.  In  some  cases  it  was  found  to  be  impossible 
to  transfer  the  humic  acid  to  the  flasks  quantitatively.  Where  this  was 
the  case  the  procedure  was  as  follows:  A  small  portion  of  the  alkali 
extract,  usually  250  cc.  was  carried  through  the  regular  procedure,  it 
always  bdng  possible  to  work  quantitatively  with  such  an  amount.  The 
hydrolysis  was  carried  out  and  the  humin  and  amide  nitrogen  determined. 
Prom  the  data  so  obtained  the  amount  of  extract  in  the  larger  sample  was 
calculated. 

After  the  completion  of  the  hydrolysis  the  mixture  was  filtered  and  the 
undissolved  residue  washed  free  from  chlorides.  The  residue  was  analy^xd 
for  total  nitrogen.  The  filtrate  was  concentrated  to  about  200  cc.,  made 
up  to  exactly  250  cc,  and  two  25  cc.  portions  were  taken  for  analysis  at 
total  nitrogen.  The  remaining  200  cc.  were  used  for  the  determinatioo 
of  the  chemical  groups  according  to  Van  Slyke,  in  the  case  of  soils  102, 
103,  106,  and  107  dividing  it  into  two  portions  and  carrying  the  analysis 
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out  in  duplicate.  With  the  other  soils  the  whole  of  the  200  cc.  portion 
was  used  for  one  analysis.  The  precipitate  fotmd  with  the  lime  was 
analyzed  for  total  nitrogen  and  to  this  was  added  the  nitrogen  from  the 
insoluble  residue,  and  the  sum  called  humin  nitrogen. 

Tabls  III. 

Sofl.                       Sztnctka  rcaguit.  AmMe.  Melaiiin.  Argiafaie.  EOttidiBe.  LytiBe. 

lOi 22%  HCl  24.09  6.68  4.03  4.23  2.25 

i%NaOH           7.49  9.94  1.85  1.76  0.43 

102 22%  HCl  23.61  8.65  3.08  3.41  2.74 

i%NaOH           5.14  9.25  0.80  1.06  0.70 

103 *. 22%  HCl  23.0  6.68  3.55  1.99  1.69 

i%NaOH           5.66  5.03  0.64  0.65  0.54 

104 22%HC1  23.38  7.45  3.92  2.78  1.29 

i%NaOH           9.48  21.5  1.83  1.54  0.75 

X06 22%  HCl  27.21  8.60  4.83  3.47  3.22 

1%  NaOH           4.83  6.62  0.93  1.06  0.43 

107 22%  HCl  27.20  8.35  4-34  391  «-46 

i%NaOH           8.88  12.46  0.87  0.65  0.66 

108 22%  HCl  26.64  8.72  4.66  6.30  1.82 

i%NaOH  io.o  14.07  2.68  2.91  0.82 

Peat 22%  HCl  18.36  5.95  3.72  2.03  2.95 

I  %  NaOH           2.54  1.33  0.38  0.21  0.19 

Total  nitro- 
SoiL  Tout  bade  Moaoafflino.  Nonamino.  ten  found.      Bztractod.    Hnmic  add. 

lOi 10.51  26.17  5*41  72.86  74-02 

4.05  7.34  2.95  31.77  42.0             32.1 

102 11.23  24.62  3.85  73.96  75.12 

2.56  7.45  0.92  25.32  41.9             25.7 

103 7.23  28.11  2.40  67.42  70.93 

1.83  6.72  I. 15  20.39  28.6             21.0 

104 7.99  27.21  5.00  71.03  7431 

4.12  9.36  0.94  45.4  53.1             46.8 

106 11.52  21.28  4.46  73.07  76.47 

2.42  5.54  1.68  21. I  31.8             21.0 

107 10.71  21.01  3.91  71.18  71.31 

2.18  7-22^  0.96  31.7  36.8  31.7 

108 12.78  25.22  2. II  65.47  68.68 

6.41  9.80  i.o  41.28  52.2     43.0 

Peat 8.70  31.72  6.15  70.88  71.37 

0.78  1.85  0.37  6.74     8.42     6.61 

The  results,  together  with  those  found  by  the  analysis  of  the  hydro- 
chloric acid  extract,  are  given  in  Table  III,  and  are  all  expressed  in  per 
cent,  of  total  soil  nitrogen. 

The  results  in  Table  III  will  be  discussed  only  quite  briefly.  The 
amounts  of  nitrogen  extracted  by  the  strong  acid  are  fairly  constant; 
that  extracted  by  the  weak  alkaU  varies  widely  and  the  variations  are  of  no 
apparent  significance.  The  amount  of  humic  add  in  the  various  soils  is 
quite  different.     Whether  this  is  due  to  some  other  differences,  perhaps 
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physical,  it  is  not  possible  to  state.  It  is  also  possible  that  the  use  of 
such  a  small  amount  of  weak  alkali,  relative  to  the  amount  of  soil,  used 
might  have  caused  the  differences.  It  was  noticed  that  it  required  quifee 
•different  amounts  of  sulfuric  acid  to  neutralize  the  alkali  extract  for  the 
different  soils. 

The  most  significant  thing  brought  out  by  the  table  is  the  higt^  amounts 
of  humin  nitrogen  in  the  humic  adds.  Insofar  as  humin  compoundi 
are  a  sharply  defined  class  of  compounds  it  is  hardly  probably  that  all  our 
humin  belongs  to  it.  Yet  our  material  possessed  many  of  the  properties 
of  this  dass  of  compotmds.  It  was  black,  insoluble  in  all  the  organic 
solvents,  dilute  acids,  salt  solutions,  and  soluble  in  dilute  alkali.  In  this 
connection  a  recent  paper  by  Gartner  and  Blish^  is  of  interest.  Working 
with  ptu'e  zein  and  gliadin  they  showed  that  the  humin  compounds  had 
their  origin  in  tryptophane,  and  that,  contrary  to  the  rather  general 
beUef,  nitrogenous  humins  are  not  formed  by  the  "adsorption  of  ammonia 
by  nonnitrogenous  humins  formed  from  carbohydrates."  In  the  soil 
there  is,  of  course,  carbohydrate  material  and  it  would  seem  that  the 
amount  of  hiunin  found  by  use  would  be  too  large  to  all  come  from  the 
trjrptophane.  However,  it  may  be  that  it  is  possible  for  other  substances 
containing  the  NH  group  to  form  humin.  The  above  investigators  found 
that  histidine  did  not  form  humin.  In  the  continual  degradation  of  the 
soil  organic  matter  there  would  be  a  natural  tendency  for  the  humin  to 
accumulate  for,  of  course,  this  material  once  formed  would  be  very  re- 
sistent  to  further  change. 

The  amounts  of  humin  nitrogen  found  in  the  hydrochloric  add  ex- 
tracts is  probably  of  no  significance,  for  the  amount  found  varied  with  the 
number  of  times  the  soil  residue  was  washed.  As  long  as  there  was  any 
add  left  the  wash-water  was  dear,  but  towards  the  end  of  the  washing 
brownish  material  was  taken  out,  due  no  doubt  to  a  passing  over  to  the 
colloidal  state.  This  brown  material  carried  a  great  deal  of  nitrogen  witji 
it. 

Because  of  the  varying  and  abnormally  high  amounts  of  humin  nitrogen 
in  the  add  extract  and  in  the  htmiic  acids,  for  the  purposes  of  better  com- 
parison the  results  have  been  calculated  on  the  basis  that  amide  +  basic  + 
monoamino  +  nonamino  —  loo.  This  will  permit  of  the  more  active 
groups  being  compared.  The  calculation  is  found  in  Table  IV.  In  the 
same  table  the  results,  calculated  to  the  same  basis,  for  four  proteins  are 
given.    These  values  are  taken  from  Van  Slyke.* 

The  most  noteworthy  thing  brought  out  by  the  comparison  of  the 
values  for  the  soil  and  the  proteins  is  the  highness  of  the  values  for  the 
amide  nitrogen,  and  the  lowness  of  the  basic  and  nonbasic  nitrogen.    It 

*  This  Journal,  37,  1630  (1915)- 

•  Loc.  cU. 
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is  a  somewhat  general  property  of  the  vegetable  proteins  to  3nleld  high 
amounts  of  amide  nitrogen  but  none  so  far  examined  have  given  more 
than  gUadin.  It  is  rather  surprising  that  soil  should  have  such  a  relatively 
high  content  of  amide  nitrogen,  as  it  is  the  nitrogen  of  this  group  which 
is  the  most  quickly  hydrolyzed  updn  boiling  proteins  with  adds.  One 
would  think  that  the  organic  matter  in  soil  which  has  been  subjected 
to  an  extended  period  of  decay,  would  be*  rather  deficient  in  this  group. 
Perhaps  the  synthetical  operations  more  than  overbalance  the  decom- 
position. In  this  connection  it  would  be  interesting  to  have  some  data 
on  the  nitrogen  distribution  of  the  bacterial  proteins,  but  so  far  as  we 
know  no  such  data  is  to  be  had  at  present. 

Table  IV. 


Histi- 

SoU.                        Material.  Amide.  Arginine.  dine.  Lysine. 

101 HQ  ext.  36.4  6.08  6.40  3.40 

Humic  add  34.2  8.50  8.08  1.99 

102 HCl  ext.  39.2  7.78  5.22  4.20 

Hmnicacid  33.0  4.92  6.59  4.34 

103. ..i HClext.  37.8  5.83  3.28  2.77 

Hmnicacid  36.9  4.18  4.21  3.50 

104 HClext.  36.8  6.18  4.37  2.02 

Hmnicacid  39.6  7.65  6.45  3.16 

106 \...     HClext.  42.2  7.50  5.38  4.99 

Hmnic  add  33.4  6.39  7.30  2.97 

107 HClext.  43.3  6.90  6.22  3.92 

Hmnic  add  46.2  4.54  3.41  3.43 

108 HClext.  39.9  6.97  9.44  2.74 

Hmnic  add  36.8  9.88  10.70  3.02 

Pfeat HClext.  28.3  5.72  3.13  4.56 

Hmnic  add  46.6  7.04  3.83  3.48 

GUadin  25.5  5.77  5.26  0.76 

Edestin  10.18  27.8  5.90  3.97 

Fibrin  8.63  14.4  5.01  11.95 

Hemoglobin  5.44  7.98  13.2  11. 3 


Toui 
•sic 

5.9 

8.6 
7.2 

5.9 

1.89 

1.9 
2.9 

7.3 
7.8s 
6.7 
7.0 

1.4 
9.15 

23.5 
3.4 
4-3 
3.05 

39-2 

32.3 
32.5 


Mono- 

amino. 

39.0 
33.8 

37.7 
46.4 
46.2 

43.7 
42.8 

39.2 

33.0 

38.3 

33.4 
37-6 

37.8 
36.0 
48.8 
34.2 

52.5 
48.8 

56.3 
59.1 


Non. 
amino. 

8.7 
13.4 
532 
5.8 
4. II 

7.5 
7.9 
3.9 
6.9 
II. 6 

6.2 

4.95 
3.15 
3.7 

9.45 

50 

8.6 

1.75 

2.8 

3.0 


On  comparing  the  relative  proportions  of  the  various  groups  in  the  add 
extract  and  the  humic  adds  there  are  no  noteworthy  differences.  In 
fact,  with  few  exceptions  there  is  a  rather  surprising  similarity.  To  us 
it  means  that  the  organic  matter  extracted  by  alkali  is  of  no  very  different 
cbaracter  than  the  organic  matter  of  the  soils  as  a  whole.  This,  together 
with  the  fact  proved  by  Fraps  and  Hammer^  that,  upon  adding  organic 
matter  to  soil,  at  the  end  of  a  year's  time  there  is  no  more  material  ex- 
tracted with  dilute  ammonia  than  at  the  beginning  of  the  period,  proves 
quite  condusivdy  that  the  determination  of  the  amount  of  humus  as  found 
by  the  various  methods  is  of  no  particular  value  in  the  study  of  a  soil. 

Nothing  very  significant  can  be  deduced  from  the  variations  in  the 
'  Tex.  Bull,,  129  (1910). 
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different  soils.  The  treatments  have  not  been  continued  for  long  enough 
time  to  change  materially  the  character  of  the  original  organic  matter. 
Since  these  plots  are  a  permanent  feature  of  this  Station  it  is  hoped  that 
similar  analyses  in  after  years  will  throw  more  Ught  on  the  subject. 

As  to  the  question — ^just  what  is  the  constitution  of  humic  add?  The 
idea  that  humic  acid  is  a  definite  compound  or  even  the  mixture  of  a  few 
compounds  has  been  exploded 'long  ago.  According  to  the  investigations 
of  Suzuki,  Kelley  and  the  data  here  presented  it  contains  material  of  a 
protein  nature.  Weak  alkali  solutions  extract  more  protein  material 
from  seeds  than  any  other  extracting  reagents  and,  according  to  Osborne/ 
usually  in  an  unaltered  condition.  The  form  they  are  in  when  pre> 
dpitated  with  adds  depends  upon  the  amount  of  add  added.  In  the 
soil,  where  there  is  undoubtedly  a  comparatively  high  content  of  dead 
bacterial  cells,  which  wotild  contain  rdatively  high  amounts  of  nudeo- 
protdns,  it  would  seem  that  part  of  the  predpitate  obtained  on  adding 
add  to  the  alkali  extract  would  be  made  up  of  combinations  of  protein 
material  with  nudeic  add*  as  well  as  other  organic  adds.  Of  course  the 
protein  might  also  be  precipitated  unchanged  or  as  a  salt  of  the  add  used 
for  predpitating  it. 

The  free  amino  add  and  the  peptide  nitrogen  in  the  unhydrolyzed  soi* 
was  determined  by  the  Kober  method^  as  we  have  applied  it  to  sd  Is, 
These  results,  which  are  given  in  Table  V,  are  interesting  in  that  they 
show  how  small  the  amount  of  amino  acid  and  peptide  nitrogen  is  in 
comparison  to  that  present  in  the  organic  matter  after  hydrolysis.  Lath- 
rop,^  in  the  discussion  of  his  results  on  the  "base  goods'*  fertilizer,  seems 
to  hold  that  such  compounds  as  histidine  would  be  of  direct  significance 
in  plant  nutrition  especially  when  added  to  the  soil  in  the  "base  goods.'* 
In  view  of  the  fact  that  the  amino  add  nitrogen  in  all  soils  examined  by 
us  is  so  small  makes  such  a  possibility  seem  quite  remote  to  us.  These 
compounds  would  probably  be  adsorbed  to  an  extent  at  least  as  great  as 
ammonia,  so  that  they  would  be  present  in  the  soil  solution  in  but  the 
merest  traces.  The  recent  work  of  Upson  and  Powell,*  shows  that  many 
compounds,  quite  toxic  to  plants  growing  in  water  culture,  are  not  at 
all  or  at  most  only  slightly  toxic  when  used  in  soil  cultiu^.  It  evidently 
is  the  investigator's  intention  to  extend  their  experiments,  and  the  ^^ 
suits  for  the  beneficial  compounds  will  be  awaited  with  interest. 

»  "The  Vegetable  Proteins,"  1912,  p.  18. 

'  Nucleic  add  was  found  in  many  soils  by  Shorey,  U.  S.  Dept.  Agr.»  Biirean  of 
Soils,  Bull.,  88  (1913). 

•  Tms  Journal,  35»  1546  (1913T. 

<  To  appear  shortly  in  the  J.  Ind.  Eng,  Chem. 

•  Loc.  cii. 

•  /.  Ind.  Eng.  Chem.,  7,  420  (19 15}. 
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Tablb  v. 

SoflL 

Fkce      Po^pcp- 
amido  add   tide  nl- 
nstrocciL     trogeo. 

Son. 

9n9      Polype^ 
amino  add  tide  m- 
oHrosen,     tfogan. 

SoU. 

Prae 

amiooadd 
nitrogen. 

Ftohrpep- 

tide  ni- 
trogen. 

lOI 

0.30         0.56 

104 

0.40         0.92 

108 

0.65 

1.50 

IQ2 

0.29         0.88 

106 

0.24         0.74 

Peat 

0.071 

0.26 

103 

0.16         0.84 

107 

0.29         0.71 

Conclusions. 

1.  The  amount  of  nitrogen  precipitated  from  a  neutralized  alkali 
extract  of  soil  varies,  in  a  qualitative  way,  inversely  with  the  strength 
of  the  add. 

2.  The  amount  of  humin  nitrogen,  as  foimd  by  the  Van  Slyke  method, 
extracted  by  dilute  alkali  from  soil  is  very  high  when  compared  to  the 
amounts  in  proteins. 

3.  Dilute  alkali  does  not  extract  any  typical  dass  of  organic  compound 
from  the  soil. 

4.  Before  definite  condusions  are  drawn  from  the  remainder  of  the 
Van  Slyke  results  it  is  believed  that  analyses  on  these  same  plots  in  future 
years  should  be  awaited. 

5.  The  amount  of  amino  add  and  peptide  nitrogen  in  soil  is  foimd  to 
be  very  small  when  compared  to  the  amounts  of  amino  adds  formed  by 
hydrolysis. 

Akv,  Iowa. 
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A  DISTURBING  FACTOR  IN  BARFOED'S  TEST.' 

Bt  Wdaiam  H.  Wbixbx. 
Rcodved  July,  1915. 

Barfoed's  test  has  been  used  extensively  in  biological  chemistry  for  the 
detection  of  reducing  monosaccharides.  In  this  connection,  it  was  used 
to  show  the  difference  in  the  chemical  reaction  between  starch  paste  and 
hydrolytic  products  obtained  from  starch  paste  by  boiling  with  dilute 
hydrochloric  add.  It  was  found  that  when  starch  could  no  longer  be 
detected  with  iodine  it  was  impossible  to  obtain  the  typical  glucose  re- 
action with  Barfoed's  reagent,  but  that  a  greenish  white  predpitate  was 
foraied.  All  mineral  add  had  been  removed  from  the  solution  of  the 
hydrolytic  products  by  neutrahzation  with  sodium  hydroxide  and  the 
solution  was  subsequently  made  very  faintly  acid  with  acetic  acid.  These 
experiments  seemed  to  indicate  that  sodium  chloride  was  the  substance 
that  interfered  with  the  reaction.     In  order  to  ascertain  whether  this 

^  Preliminary  commutiication;  Proc.  Am.  Soc.  Biol.  Chem.,  .1909,  p.  180.    Read 
before  the  Medical  Research  Club,  University  of  Illinois,  Chicago,  111.,  June  9,  191 5. 
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asstunption  is  correct  the  following  experiments  were  made:  A  solutkn 
of  sodimn  chloride  was  boiled  with  Barfoed's  reagent.  A  greenish  ^diite 
precipitate  was  formed.  When  sodium  chloride  was  added  to  a  soltitioa 
of  pm'e  glucose  and  Barfoed's  test  was  applied  to  the  mixed  solution,  a 
greenish  white  precipitate  was  formed  instead  of  the  red  cuprous  oxide 
of  the  typical  Barfoed's  test.  Since  the  first  part  of  this  work  was  done, 
Mathewson,^  has  shown  that  a  great  variety  of  inorganic,  as  well  as 
organic  compounds,  interfere  with  this  test. 

Interfering  Concentration  of  Sodium  Chloride. — ^A  series  of  tests  was 
made  to  determine  the  concentration  of  sodium  chloride  which  would 
interfere  with  the  Barfoed's  tests  in  various  concentrations  of  glucose. 
The  tests  were  carried  out  as  follows:  Five  cc.  of  glucose  solution,  4  oc 
of  sodiiun  chloride  solution  and  i  cc.  of  Barfoed's  reagent  were  measured 
into  a  test  tube  and  the  mixed  solution  was  boiled  for  thirty  seconds  over 
a  free  flame.    Table  I  shows  the  results  of  these  experiments. 

Tabls  I. 


oonccntranon 

of  sodium 

chloride. 

Percentaffe  concentration  of  f lucoee. 

0.163. 

0.312. 

0.625.               1.25.                2.5. 

5. 

0.0156 

Reduction  and 
precipitate 

0.0312 

0.0625 

Very  faint 
reduct. 

0.125 

Ppt. 

Very  faint    Reduct.      Reduct 
reduct. 

Redact. 

0.25 

• 

Ppt. 

0.5 

Ppt            Ppt 

Ppt- 

In  a  second  series  of  experiments  the  same  amounts  of  the  various 
solutions  were  used  as  in  Table  I  but  instead  of  heating  the  mixture  over 
a  free  flame,  it  was  heated  in  actively  boiling  water  for  two  minutes.  The 
results  of  these  experiments  are  shown  in  Table  II. 

Delicacy  of  Barfoed's  Test. 

In  a  series  of  experiments  to  determine  the  delicacy  of  the  reacticm,  it 
was  found  that  when  the  test  is  performed  with  i  cc.  of  Barfoed's  re- 
agent, 9  cc.  of  glucose  solution  and  the  mixttu-e  is  heated  in  boiling  water 
for  two  minutes,  a  concentration  of  0.08%  of  glucose  gives  a  very 
definite  reduction  and  half  that  concentration  gives  a  faint  reduction. 

The  Barfoed's  reagent  used  in  this  work  was  made  according  to  the 

directions  of  Barfoed'  in  his  original  paper.     Five  cc.  of  38%  acetic  acid 

were  added  to  200  cc.  of  a  solution  of  copper  acetate.    The  copper  acetate 

was  made  up  in  the  proportion  of  i  part  of  salt  to  15  parts  of  water. 

^  Mathewson,  "A  Study  of  Some  of  the  Biochemical  Tests,"  Dissertation,  Cotumbia 
University,  19x2. 

•  Barfoed,  Z.  anal.  Chem.,  la,  27  (1873). 
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TablB  II. 
Pcfoentace  PeiccntaKe  conomtrmtioii  of  glnoose. 


oonc.  of 
Nad 

0.05. 

0.1. 

0.2. 

0.4.                0.6. 

0.8. 

1.            2.         3.        4.        5. 

O.OI 

V. 

f. 

r. 

0.02 

V. 

f. 

p. 

V.  f.  p.; 
F.r. 

R. 

+++ 

0.04 

Ppt. 

0.06 

P.p.; 
Marked  r. 

0.08 

V.  f.  r.      V.  f.  r. 

O.I 

Ppt.           Ppt. 

V.  f. 
p.;  R. 

V.  f.      R.      R.      R. 

p.;  R.    ++     ++     ++ 

0.2 

Ppt.  Ppt.  Ppt.  P.p.; 

0.3 
0.4 
0.5 

V-  f.  r.  =  very  faint  reduction;    V.  f.  p.  =  very  faint  ppt. 

Influence  of  Sodium  Chloride  at  Room  Temperature. — ^A  series  of 
experiments  was  conducted  to  show  what  concentration  of  soditun  chloride 
irill  cause  a  precipitate  with  Barfoed's  reagent  when  allowed  to  stand  at 
loom  temperature.  The  experiments  were  conducted  as  follows:  Pour 
oc.  of  sodium  chloride  solution  were  mixed  with  i  cc.  of  Barfoed's  reagent 
and  the  mixture  was  allowed  to  stand  at  room  temperature  for  twenty- 
four  hours.  In  these  experiments  a  sodium  chloride  concentration  of 
^•32%  gave  a  precipitate.  With  a  concentration  of  0.16%  sodium 
Icfaloride,  no  precipitate  was  formed. 

Effect  of  Glucose  on  the  Formation  of  the  Greenish  White  Precipitate* 
—The  next  series  of  experiments  was  undertaken  to  determine  whether 
l^cose  had  any  effect  on  the  formation  of  this  precipitate  at  room  tem- 
perature. The  volumes  of  the  various  solutions  used  in  these  experi- 
ments were  the  same  as  in  Table  I  and  II.  The  results  are  shown  in 
Table  III. 

Table  III. 

Percentage  concentimtion  of  glucose. 


oeatmtioii  of  * 

sodium  chloride.  0.25.  0.3.  1.0.  2.5.  5.0. 

o.  I  C)i>alescence  in  15  hours. 

0.2  to  0.9,         Opalescence  within  two  hours  in  all  cases. 

1 .0  Marked  opalescence  within  a  few  minutes. 

Glucose  seems  to  favor  the  formation  of  opalescent  solutions  (colloidal) 
as  indicated  by  its  appearance  in  a  lower  sodium  chloride  concentration 
than  in  the  experiments  without  it. 

Nature  of  Greenish  White  Precipitate. — ^The  greenish  white  precipitate 
that  is  formed,  contains  copper,  sodium,  chlorine  and  the  acetic  acid 


L 


2230 


WILLIAM  H.  WELKER. 


radical.  When  this  compotind  is  allowed  to  form  at  room  temperature 
it  tends  to  go  into  colloidal  solution.  Boiling  hastens  the  precipitatioiL 
The  percentage  composition  of  this  precipitate  has  not  been  detemiinecL 

Conclusions. 

Under  the  conditions  of  these  experiments  it  appears  that  'a  very  small 
percentage  of  sodium  chloride  interferes  with  Barfoed's  test. 

CmcAoo,  IiA. 
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Tlie  expressive  and  recently  much  quoted  phrase,  **  Don't  rock  the 

It,"  is  an  injunction  promotive  of  safety,  but  the  closely  related  "  Pull 

ither,"  of  common  parlance,  suggests  the  method  of  effective  advance. 

the  hope,  therefore,  of  aiding  somewhat  that  line  of  progress  in  which 

feel  particular  interest  and  for  which  we  are  largely  responsible,  I 

diQsen  as  a  subject  for  this  occasion,  ''Cooperation  in  Matters 

icaL" 

Its  treatment  must  necessarily  be  purely  national,  for  the  intemationa] 

have  been  eliminated  by  the  embitterments  of  the  European 

iggie.    Just  three  years  ago  there  met  together  in  New  York  City, 

the  occasion  of  the  Eighth  International  Congress  of  Applied  Chem- 

I  representatives  of  all  the  leading  nations  of  the  world  for  report 

conference  on  subjects  pertaining  to  the  advance  of  that  science 

interests  call  us  together  now.    The  key-note  of  that  meeting  was, 

ience  knows  no  geographical  boundaries,''  and  jAbus  were  enthusias- 

ly  formulated  for  future  cooperative  effort. 

|Alas,  how  unexpectedly,  how  grievously  and  how  completely  that 

-note  has  been  forgotten,  those  plans  set  aside,  amid  the  strife  and  tur- 

^  Pitsidential  addxess,  Pifty-first  Meeting  of  the  American  Chemical  Society, 
August  31  to  September  3,  1915. 
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moil  of  war.  The  words  ''forgotten"  and  *'set  aside"  are  used  advisedly, 
for  that  key-note  is  eternal  verity,  and  men  of  all  nations  must  work 
together  if  the  greatest  progress  is  to  be  realized.  The  unfortunate  re- 
criminations of  men  of  science,  so  widely  heralded  in  recent  months, 
will  eventually  be  replaced  by  those  nobler  feelings  of  brotherhood 
which  lie  deep  in  the  hearts  of  all  whose  life-work  has  been  the  search  for 
truth. 

MeanwMe.  chemistry  is  suffering  a  staggering  blow;  the  caU  for  men 
in  European  armies  has  almost  depopulated  university  laboratories, 
the  gripping  realities  of  war  have  absorbed  the  thought  and  interest  of 
many  of  the  leaders  of  otu*  science,  and  the  shrinkage  of  many  chemical 
journals,  as  already  evidenced  in  our  own  "Chemical  Abstracts,"  bears 
abundant  witness  to  the  lean  years  that  are  just  before  us.  That  this 
sterility  of  production  is  to  be  extended  far  beyond  the  actual  duration 
of  the  war  period  is  emphasized  by  the  ages  of  the  men  who  constitute 
the  bulk  of  the  armies.  The  loss  of  such  young  men,  the  leaders  of  the 
next  generation,  casts  its  shadow  before. 

How  does  this  situation  affect  us  here  where  the  curse  of  war  has  not 
fallen?  Surely  we  would  be  false  to  our  science,  to  ourselves  and  to 
humanity  if  we  did  not  strive  with  redoubled  effort  to  make  good  this 
present  and  oncoming  deficiency  so  far  as  in  our  power  lies. 

It  would  be  a  work  of  supererogation  for  me  to  make  any  plea  for  re- 
search or  to  attempt  its  justification  before  the  members  of  the  American 
Chemical  Society;  for  this  organization  embraces  within  its  now  more 
than  seven  thousand  members  that  great  body  of  men  whose  tirdess 
efforts  have  within  the  last  two  decades  so  richly  increased  chemical 
literatture,  and  the  publications  of  this  society  show  annually  increased 
volume  in  the  preservation  and  dissemination  of  the  records  of  such  re- 
search. The  ever-present  struggle  between  the  makers  of  the  budget 
and  the  pressing  claims  of  the  editors  of  our  journals  is  sufGicient  proof 
of  the  rapid  growth  of  research  in  America.  Happily  the  day  has  passed 
when  our  chemists  felt  the  need  of  publication  in  foreign  journals  to  in- 
sure wide  hearing.  All  honor  to  the  men  who  early  determined  that 
America  should  have  publications  worthy  of  the  name  and  who  con- 
sistently gave  their  loyal  support  to  this  great  undertaking! 

The  aim  of  research  is  the  discovery  of  truth.  On  this  point  all  are 
agreed.  But  why  such  an  aim?  "Truth  for  Truth's  sake,"  "Science 
for  Science's  sake,"  and  similar  familiar  phrases  have  no  meaning  to  me. 
I  can  find  only  one  answer  to  this  question — ^the  uplift  of  humanity. 
In  the  engrossing  interest  of  research  problems,  however,  we  sometimes 
adopt  an  artificial  division  of  scientific  research  into  "pure"  and  "ap- 
pUed,"  the  former  term  uttered  sometimes  by  university  men  in  a  tone 
of  snobbishness,  the  latter  occasionally  by  men  of  the  technical  labora- 
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tones  with  a  rather  disdainful  regard  of  obUgations  to  the  science  on  which 
their  operations  are  based. 

I  think  of  research  in  chemistry  as  a  field  whose  highest  fruition  calls 
for  two  kinds  of  service.  On  the  one  hand  the  constant  enrichment  of 
the  soil,  **pure  chemistry,"  if  you  will,  and  on  the  other  the  seeding^ 
tending  and  harvesting,  ''applied  chemistry;"  each  absolutely  essential, 
and  incapable  of  its  highest  fulfillment  without  the  other,  using  the  same 
methods,  demanding  identical  care,  skill,  accuracy  and  thoroughness, 
and  working  toward  the  same  end — ^the  uplift  of  hmoanity.  If  this  be 
not  the  mutual  goal,  then  pure  chemistry  becomes  a  selfish  toy  and  applied 
chemistry  a  mere  tool  for  greed.  In  both  lines  of  service  the  hearty  co- 
operation of  all  chemists  is  needed. 

The  continued  use  of  the  terms  ''pure"  and  "applied"  in  what  follows 
involves,  therefore,  no  question  of  relative  dignity  or  scientific  justifica- 
tion, but  is  based  simply  on  that  privilege  of  convenience  which  we  re- 
serve to  ourselves  in  continuing  the  use  of  the  terms  "Organic"  and  "in- 
ofganic"  chemistry. 

For  training  in  the  ideals  and  methods  of  chemical  research  we  rightly 
look  to  our  universities,  and  if  the  ideal  of  research  include  both  "pure" 
and  "applied,"  then  must  the  universities  set  forth  that  ideal  both  in 
word  and  act.  Its  formal  statement,  accompanied  by  discriminating 
favor  toward  the  one  or  the  other  in  the  actual  lines  of  work  pursued, 
does  not  meet  that  full  responsibility  which  every  university  bears  to 
diemical  research. 

And  this  brings  the  responsibility  to  the  individual  laboratory  head, 
for  in  his  own  department  he  represents  his  imiversity.  Whatever  his 
ideal,  rest  assured  it  makes  its  full  imprint  on  those  working  under  him. 
The  joint  planning  of  work,  the  daily  informal  conference  in  the  labora- 
tory and  mutual  presence  at  the  dawn  of  new  truth  create  naturaOy  in 
the  student  a  strong  bond  of  sympathy  and  loyal  regard.  Ideals  are 
unconsciously  absorbed.  *  Thus  there  are  sent  forth  each  year  from  the 
laboratories  young  men  impressed  with  the  ideals  of  the  men  in  charge, 
and  thus  is  the  national  viewpoint  in  such  matters  largely  determined. 
I  speak  now  of  the  average  American  university,  fully  conscious  of  the 
necessity  of  differentiation  of  work  in  the  staffs  of  the  larger  institu- 
tions and  equally  conscious  of  the  difficulties  under  which  men  in  the 
smaller  institutions  often  work.  But  the  ideal  holds  for  one  and  all 
alike. 

The  claims  of  research  in  pure  chemistry  in  our  universities  need  no 
urging  on  my  part.  The  opportunities  and  inducements  for  such  work 
already  abundantly  exist.  It  is  gratifying  to  note  the  change  of  popular 
sentiment  toward  such  work.    The  old  question  "Of  what  use?"  is  grad- 
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ually  being  replaced  by  a  sound  conception  of  the  fundamental  f unctioii 
of  the  science  of  chemistry  and  by  a  recognition  that  the  advancement 
of  this  science  is  not  effected  by  inspiration,  but  by  the  contributions 
of  many  zealous,  patient  and  enthusiastic  workers.  By  slow  process 
of  accumulation  the  data  are  supplied  for  new  generalizations  which  bring 
us  gradually  nearer  and  nearer  full  truth. 

The  record  in  the  Journal  of  this  Society  shows  a  steadily  increasing  out- 
put of  such  work  from  university  laboratories.  That  the  amount  of 
this  work  will  increase  is  a  hope  and  a  beUef  fully  justified  by  the 
attitude  of  university  authorities  in  providing  better  laboratory  and 
library  facilities  and  more  fellowships  for  graduate  students. 

In  connection  with  the  subject  of  university  research  in  pure  chemis- 
try, may  I  be  permitted  a  word  concerning  a  special  class — ^the  men  in 
charge  of  laboratories  in  smaller  institutions  of  learning.  Fresh  from 
doctorate  training,  they  enter  upon  the  new  responsibilities  filled  with 
zeal  and  a  fine  fire  for  continuation  of  research.  After  a  period  of  ad- 
justment to  normal  duties  of  the  new  environment  and  with  thoughts 
turned  to  independent  research  there  comes  the  realization  of  the  poverty 
of  equipment  both  in  laboratory  and  in  library  facilities  as  compared 
with  former  surroundings.  Then  comes  a  period  of  earnest  efFort  to 
better  this  equipment,  only  to  find  how  many  other  undeniable  demands 
are  being  made  on  the  very  limited  institutional  fimds.  There  follows  a 
period  of  depression  and  discouragement,  and  then — how  often  that 
worker  is  lost  to  the  cause  of  pure  chemistry! 

But  is  the  situation  really  as  bad  as  it  sometinies  seems?  Many  of  the 
most  valuable  researches  in  the  literature  have  been  conducted  on  inex- 
pensive material  and  often  tmder  most  discouraging  circumstances.  If 
money  is  lacking,  there  are  endowment  funds  to  aid  research,  and,  to 
supplement  inadequate  library  facilities,  there  is  the  splendid  library 
service  of  the  United  Bngineering  Society  of  New  York  City. 
By  such  means  it  may  still  be  possible  to  follow  that  first  fine  im- 
pulse. 

The  great  danger  to  research  in  pure  chemistry  in  America  at  the  pres- 
ent  time  lies  in  the  mental  distraction  and  demoralization  resulting  from 
engrossing  consideration  of  daily  developments  of  the  European  war. 
The  mammoth  scale  and  startling  disclosures  of  that  fearful  struggle 
as  depicted  in  the  morning,  evening  and  ever  appearing  "extra"  news- 
papers challenge  our  constant  attention  and  fill  us  with  the  horrors  of 
the  situation.  Is  it  right  that  we  give  way  to  this  demoralization  and 
thus  increase  the  disastrous  effects  of  such  abnormal  times? 

Chemistry,  perhaps  more  than  any  other  branch  of  science,  has  re- 
ceived wide  advertisement  in  connection  with  the  present  war.     Many 
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to  whom  it  was  formerly  little  more  than  a  name,  have  within  the  past 
year  done  it  homage;  but  such  glorification  has  emphasized  the  applica- 
tion of  chemistry  rather  than  the  broad,  deep  foundation  which  has  been 
so  quietly  laid  by  the  workers  in  university  laboratories  during  the  years 
that  have  passed.  Pressure  for  industrial  apphcation  of  chemistry 
^ong  very  restricted  lines  is  great  at  present.  The  public  is  willing  to 
iisten  and  capital  ready  to  invest.  It  seems  fitting,  therefore,  that  at 
this  moment  emphasis  be  laid  on  the  basic  science  which  underUes  these 
applications.  It  seeks  no  advertisement  and  often  in  disjointed  form  re- 
ceives but  scant  recognition,  but  it  is  the  soil  from  which  the  fruitage 
must  spring.  To  the  maximum  development  of  that  soil  all  chemists, 
at  least  to  some  degree,  are  pledged  and  bounden.  I  do  not  hesitate,  in 
a  plea  for  cooperation,  to  urge  that  in  all  industrial  research  laboratories, 
ranging  from  those  of  the  large  corporations,  splendidly  manned  and 
equip|>ed,  to  those  of  the  yotmgest  analytical  chemists,  there  be  carried 
on  some  line  of  research  which  has  no  special  client,  for  which  no  fee  is 
expected,  but  whose  function  is  to  repay  in  some  slight  degree  the  debt 
that  every  chemist  owes  to  the  science  of  chemistry.  The  subjective 
influence  of  such  work  would  far  more  than  compensate  for  the  time 
spent  in  its  execution. 

The  ideal  of  research  which  I  am  urging  includes  both  pure  and  appUed 
chemistry.  Since  it  is  the  fimction  of  universities  to  give  the  younger 
generation,  chiefly  through  research,  that  training  which  will  equip  them 
for  trustworthy,  intelligent  and  brocul-minded  independent  effort,  should 
not  otu:  universities  provide  investigations  in  the  field  of  applied  as  well 
as  piure  chemistry?  The  carrying  out  of  successful  work  in  this  field 
involves  thorough  search  of  the  Uterature,  preliminary  tests,  systematic 
experiments,  carefully  drawn  conclusions  and  preparation  of  the  work 
for  publication.    These  are  the  normal  proceedings  in  all  research  work. 

Purtbermore,  it  must  be  remembered  that  a  majority  of  those  being 
trained  in  university  laboratories  are  looking  forward  to  entering  various 
industries.  This  is  to  be  expected,  for  ours  is  a  country  in  the  midst  of  a 
great  industrial  development.  We  have  passed  through  the  pioneer 
days  nv'hen  the  conquering  of  a  new  land,  the  struggle  for  habilitation, 
was  supreme;  so,  too,  has  the  fight  for  liberty  of  thought  and  action 
been  won;  and  just  a  half  century  ago,  in  that  bitter  fratricidal  strife, 
was  established  once  and  for  all  the  fact  that  this  is  a  united  country. 
With  the  recovery  from  the  wastage  of  that  war  industrial  develop- 
ment came  into  its  own.  Manufactures  are  no  longer  characteristic 
of  any  one  section,  but,  as  labor  becomes  trained,  are  spreading  rapidly 
over  the  whole  land.  Capital  is  constantly  increasing  and  seeking  profit- 
able channels  of  investment. 
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It  is  important  to  us  that  the  manufacturer  is  rapidly  becoming  con- 
vinced that  the  work  of  the  chemist  results  in  the  substitution  in  indus- 
tries of  scientific  fotmdation  for  gross  empiricism,  of  accurate  knowledge 
for  approximate  guesswork,  and  of  lines  of  attempted  advance  based 
upon  the  results  of  research  for  the  hit-or-miss  method.  This  convic- 
tion was  greatly  strengthened  by  the  .address  of  President  Little  before 
this  Society  in  191 3,  on  the  subject  of  "Industrial  Research  ia 
America.*' 

Another  call  for  the  chemist  in  industry  has  arisen  from  the  propaganda 
for  conservation  of  our  natural  resources.  President  Bogeft,  in  his  1908" 
address,  pointed  out  clearly  the  important  role  the  chemist  must  play 
in  this  great  undertaking. 

In  view  of  the  consequent  increasing  demand  for  chemists  and  of  the 
relatively  small  number  of  highly  trained  men  from  our  laboratories, 
is  it  small  wonder  that  so  many  of  oiu"  university  students  are  looking  for- 
ward to  entering  industrial  chemistry  as  a  profession? 

In  advocating  a  more  general  pursuance  of  research  in  applied  chemis- 
try in  university  laboratories,  I  do  not  feel  that  the  prerogatives  of  the 
commercial  industrial  research  laboratories  of  the  country  wotild  be  en- 
croached upon.  The  field  is  so  large  and  the  problems  awaiting  solu- 
tion are  so  manifold  that  the  entire  chemical  strength  of  the  country  is 
insufficient  to  give  these  problems  that  consideration  which  would  bring 
our  industries  promptly  to  the  state  of  efficiency  which  can  be  reached 
only  by  the  aid  of  the  chemist.  In  the  conservation  and  better  utiliza- 
tion of  natural  resources  lie  sufficient  problems  to  furnish  subjects  for 
theses  in  all  our  university  laboratories. 

The  term  ''university  research,"  however,  has  a  broader  meaning  than 
the  selection  of  a  topic  for  a  thesis  and  the  systematic  experimentation 
connected  therewith.  In  its  widest  significance  it  is  the  embodiment 
of  the  university  spirit  itself.  It  typifies  the  relation  of  each  university 
to  its  environment.  Surely  no  institution  can  afford  to  be  unheedful 
of  that  obligation.  In  its  entirety  it  summarizes  university  attitude 
toward  the  complete  life  of  the  nation. 

We  would  do  well,  therefore,  to  give  serious  consideration  to  the 
question  often  asked  during  the  past  year  in  a  comparative  way, 
"Is  there  adequate  cooperation  between  our  universities  and  oiu*  indus- 
tries?" 

I  do  not  feel  competent  to  attempt  to  answer  that  question  categor- 
ically. Certain  it  is  that  cooperation  implies  the  acts  of  at  least  two 
parties,  and  the  question  therefore  directs  itself  with  equal  force  to  uni- 
versities and  to  industries.  Equally  sure  is  the  conviction  that  such  co- 
operation would  inure  to  the  benefit  of  each. 
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For  five  years  I  was  closely  associated  with  successful  business  men. 
From  that  broadening  experience  I  brought  back  to  university  surround- 
ings no  clearer  impression  of  those  men,  both  individually  and  in  common 
council,  than  their  desire  to  know  the  truth  concerning  any  proposition 
before  them,  for  with  such  knowledge  they  could  wisely  plan  for  the 
future.  Desire  for  publication  of  that  truth  may  not  be  so  pronounced 
with  them  as^with  us  of  the  universities,  but  the  unflinching  attitude 
towards  facts,  as  revealing  truth,  is  conmion  to  both  classes  and  therein 
lies  a  strong  bond  of  sympathy  and  basis  of  cooperation. 

K  that  cooperation  is  not  complete,  how  can  the  situation  be  improved? 
May  I  be  permitted  here  to  make  a  few  suggestions,  or  rather,  let  me  ask 
a  few  questions? 

Speakmg  to  the  men  of  the  universities  I  would  ask : 

Firsts  of  each  individual  head  of  a  university  chemical  laboratory: 
What  is  your  personal  conception  of  the  relation  of  your  laboratory  to 
industrial  life?  Do  you  feel  that  the  problems  in  this  field  are  fully  worthy 
of  your  time  and  tireless  thought?  Do  you  find  inspiration  in  the  hope 
that  your  work  may  result  directly  in  the  transformation  of  some  crude 
or  now  worthless  natural  product  into  a  form  of  higher  value  to  all,  or 
that  waste  in  some  of  its  many  forms  shall  be  diminished,  or  that  forces 
now  acting  disjointly  may  be  so  correlated  that  new  blessings  for  man- 
kind may  result? 

If  such  questions  find  ready  aflSrmative,  the  spirit  of  cooperation  is 

abroad  and  must  make  itself  felt. 

• 

Second:  Do  we  have  the  men  of  the  industries  often  enough  before 
our  imiversity  classes? 

I  do  not  mean  for  the  purpose  of  delivering  formal  lectures,  knowing 
full  well  their  aversion  to  the  preparation  and  delivery  of  such;  but  surely 
each  of  these  men  has  in  his  every-day  life  abundant  experience  and 
<hfficulties,  the  presentation  of  which  would  give  sounder  conceptions, 
broader  understanding,  and  more  intelligent  grasp  of  conditions  to  be  met 
in  the  work-a-day  world  ahead. 

Third:  Are  we  sure  that  we  give  oiu-  lectures  on  industrial  chemistry, 
especially  to  undergraduates,  from  the  best  point  of  view? 

A  recent  experience  may  be  worth  recording  here.  For  several  years  I 
followed  the  lines  usually  adopted  in  standard  texts,  but  the  division  into 
inorganic  and  organic  technology  seemed  artificial,  in  view  of  the  preach- 
ments on  that  subject  during  the  previous  course  in  general  chemistry;  the 
usual  grouping  of  topics  seemed  to  be  very  loosely  connected;  in  fact,  the 
course  lacked  unity  of  purpose  and  sound  pedagogical  basis.  I  finally  de- 
termined to  change  the  whole  point  of  view,  and  gave  a  series  of  lectures 
on  "Staple  crops  and  natural  resources  as  affected  by  industrial  chemis- 
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try."  For  illustration,  and  without  going  into  detail,  the  cotton  crop  was 
discussed :  its  demands  on  the  fertilizer  industry,  following  the  fiber  through 
its  changes  by  bleaching,  mercerization,  mordanting,  dyeing,  printing, 
nitration,  etc.;  then  following  the  seed  through  the  mill  and  the  conver- 
sion of  the  hulls  into  feed  and  paper,  the  use  of  the  meal  as  feedstuff, 
the  refining  of  the  oil,  its  hydrogenation,  the  utilization  in  the  soap  indus- 
try of  the  waste  in  refining,  the  recovery  of  the  glycerine  and  its  nitratioo. 
In  this  way  all  the  subjects  treated  in  former  years  are  covered,  but 
in  an  entirely  different  order.  The  predominating  thought  is  chemis- 
try in  the  service  of  mankind.  New  conceptions  are  obtained  of  ma- 
terial blessings,  of  inter-relations  of  industries,  of  utilization  of  by- 
products, of  advances  already  made  and  of  promising  lines  of  further 
advance.  At  the  end  of  the  year  there  is  a  complete  picture  in  the  stu- 
dent's mind,  an  awakened  interest  in  his  material  surroundings,  a  true 
comprehension  of  the  part  chemistry  has  played  in  this  industrial  de- 
velopment, and,  in  many  cases,  a  determination  formed  to  join  the  ranks 
of  chemists  in  carrying  forward  this  development.  The  results  already 
obtained  from  such  a  treatment  of  industrial  chemistry  abtmdantly 
justify  the  change. 

Speaking  to  the  men  of  the  industries  I  would  ask: 

First:  Is  not  your  interest  in  our  universities  very  remote,  if  indeed 
it  exists  at  all? 

Yet  in  them  are  being  trained  young  men  whom,  in  constantly 
increasing  mmibers,  you  will  call  to  your  aid  to  promote  the  efficiency 
of  your  operations  and  thus  enable  you  to  meet  the  keener  com- 
petition of  the  futtu-e;  in  their  libraries  is  a  technical  Uterature  which 
will  put  you  in  immediate  touch  with  the  latest  developments  in  fields 
of  direct  interest  and  importance  to  you;  and  on  their  staffs  of  instruc- 
tion are  men  trained  to  think  accurately,  to  investigate  skillfully,  and 
with  whom  frank  discussion  of  manufacturing  difficulties  would  often  lead 
to  valued  connections. 

Second:  Is  a  visit  to  your  plant  by  an  instructor  and  his  group  of 
students  simply  a  thing  to  be  endtu-ed  or  gotten  through  with  as  rapidly 
as  possible  by  the  aid  of  some  subaltern  who  lacks  yotu  knowledge  of  the 
larger  aspects  of  the  industry  in  which  you  are  engaged? 

Such  occasions  could  be  made  of  inestimable  value  in  cultivating  true 
cooperation  between  industries  and  universities. 

Third:  Would  it  not  be  possible  to  include  university  men  more  fre- 
quently on  the  programs  of  industrial  conventions? 

Such  a  policy  would  be  a  mutual  help,  stimulating  thought  and  breeding 
good- will. 

Fourth:  Have  you  aided  our  universities  in  a  material  way? 
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Codperation  is  mutual  helpfulness.  Many  of  the  fundamental  prin- 
ciples of  present-day  industries  have  been  worked  out  in  university-labora- 
tories. You  can  aid  in  many  ways;  by  furnishing  material  prepared 
under  factory  conditions  for  use  in  research  in  imiversity  laboratories, 
by  contributing  eqtiipment  which  will  widen  the  possibilities  of  such 
work,  by  enlarging  department  libraries  which  constitute  the  prime  pre- 
requisite of  all  research  laboratories,  and  by  endowing  fellowships  which 
will  enable  many  a  promising  young  man,  otherwise  unable,  to  continue 
his  work  through  that  unremunerative  period  of  higher  training  which 
is  requisite  if  he  is  to  realize  his  highest  possibilities. 

1  know  of  no  more  fitting  illustration  of  the  spirit  of  codperation  in 
matters  chemical  than  the  organization  and  wise  general  policies  of  this 
Society.  In  its  large  and  constantly  growing  membership  an^  included 
tiie  university  men  and  those  directly  connected  with  the  indus- 
kries.  By  joint  effort  and  with  increasing  enthusiasm  an  organiza- 
Ikm  has  been  developed  which  is  daily  increasing  in  value  as  a  national 
asset. 

Its  general  meetings,  stimulating  interest  in  chemistry  in  whatsoever 
section  of  the  country  held,  are  participated  in  by  both  classes  of  diem- 
iBts,  and  the  healthy,  broadening  influence  of  this  contact  is  appreciated 
\tj  each  alike. 

Its  three  splendid  journals  are  placed  in  the  hands  of  every  member. 
While  the  subject  matter  of  these  journals  is  differentiated,  it  is  rightly 
assumed  that  each  is  of  importance  to  every  member  and  the  three  as  a 
|wfaole  thus  furnish  the  greatest  of  all  influences  in  the  development  of 
diciiiistry  in  our  country. 

Rapid  growth  in  membership  and  increased  productivity  in  research 
tendering  impossible  the  completion  of  programs  at  general  meetings, 
iifivisions  were  organized  under  the  administration  of  President  Bogert. 
Reasonable  opportunity  is  thus  afforded  for  such  spedahzation  as  may 
be  desired,  but  membership  in  these  divisions  is  open  to  all  and  atten- 
dance is  composite. 

Occasionally  a  note  is  heard  that  we  should  divide  into  two  separate 
organizations,  the  imiversity  men  in  one  and  those  of  the  industries  in 
another.  Happily  that  note  finds  no  response  of  any  general  character 
and  I  sincerely  hope  it  never  will. 

For  the  sake  of  the  future  let  me  point  out  one  of  the  best  features 
of  our  organization,  and  yet  one  which  holds  within  itself  the  gravest 
danger  if  the  spirit  of  cooperation  be  not  all-pervasive.  I  refer  to  oiu" 
local  Sections.  With  a  membership  distributed  over  such  a  wide  area 
and  with  only  two  general  meetings  of  the  Society  held  each  year,  such 
local  sections  furnish  to  many  almost  the  sole  opportunity  for  fraternal 
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association,  for  discussion  of  matters  of  somewhat  restricted  interest, 
for  bearing  the  expense  of  invited  lectwers  and  for  placing  before  the  Coon- 
cil  the  views  of  the  respective  sections  on  matters  of  general  policy  of  the 
Society.  These  are  some  of  the  strong  points  of  this  feature.  The  danger 
lies  in  local-sectionalism,  which  magnifies  the  part  at  the  expense  of  the 
whole,  which  in  the  effort  to  advance  locally  is  forgetful  of  the  commoa 
good.  The  danger  is  insidious  and  often  clothes  itself  in  the  guise  of 
the  broader  sentiment,  but  it  is  all  the  more  grave  for  this  reason. 
Let  us  hold  fast  to  all  the  elements  of  strength  in  our  local  sectioa 
system  and  see  to  it  that  only  good  flows  therefrom  to  the  parent 
organization. 

Another  and  novel  form  of  cooperation  in  matters  chemical  has  re- 
cently manifested  itself  in  the  form  of  an  invitation  from  the  Secretaif 
of  the  Navy  to  our  Society  to  nominate  two  of  its  members  to  served 
with  representatives  of  other  scientific  societies,  on  the  proposed  Navat 
Advisory  Board.  I  am  sure  you  will  approve  my  prompt  acceptance 
in  your  behalf,  of  this  invitation.  To  secure  the  nominations  promptif 
and  in  the  spirit  in  which  the  invitation  was  given,  the  Council  was  asked 
to  make  these  nominations  as  it  is  closely  in  touch  with  the  full  member- 
ship of  the  Society  through  the  local  sections.  The  result  of  the  letter- 
ballot  has  been  communicated  to  the  Secretary  of  the  Navy  and  ynS 
be  announced  by  him. 

That  the  spirit  of  cooperation  is  beginning  to  make  itself  felt  is  evi- 
denced by  the  joint  participation  of  the  chemical  manufacturers  in 
this  country  and  of  the  government  bureaus  in  the  first  National  Expose' 
tion  of  Chemical  Industries  to  be  held  this  month  in  New  York  Qty, 
This  assemblage  has  in  it  great  potentialities  which,  if  realized,  may 
haye  far-reaching  influence  in  the  rapid  promotion  of  hitherto  undeveloped 
lines  of  chemical  industry. 

In  conclusion,  let  me  discuss  with  you  one  other  phase  of  cooperatioii» 
namely,  that  between  the  American  people,  through  their  represeota- 
tives  in  Congress,  and  otu*  chemical  industries.  I  have  no  leanin|^ 
toward  patemaUsm,  and  I  believe  in  the  doctrine  that  a  good,  stiff 
struggle  for  existence  is  conducive  to  longevity,  but  there  are  ccr* 
tain  normal  functions  of  our  national  Congress  which  make  or  mar 
industrial  development,  and  there  are  certain  tmdertakings  in  behalf  of 
the  nation  as  a  whole  which  individuals  can  not  be  asked  nor  expected 
to  assume. 

Recent  events  compel  the  conviction  that  the  assumption  of  our  peace- 
ful world  relations,  which  formed  the  basis  of  my  earUer  plea,  may  be 
at  any  moment  completely  shattered.  In  such  an  event  the  responsi- 
bility of  all  chemists  in  this  country  will  be  added  to  by  the  impelling 
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call  of  patriotism.    That  the  contributions  of  our  science  are  of  the 
highest  value  in  modem  warfare  is  daily  attested  in  the  reportorial  ac- 
counts of  the  new  developments  among  the  now  contending  nations 
Who  would  dare  say  that  the  innovations  of  chemistry  in  the  methods 
of  warfare  have  reached  a  limit? 

In  view  of  this  recognized  ftmdamental  importance  would  it  not  be 
•veil,  in  these  days  of  talk  of  preparedness,  to  consider  the  question 
(rf  cfaexnical  preparedness.  Ships,  guns  and  shells  are  necessary,  yes,  but 
most  largely  as  a  means  to  an  end,  and  that. end  the  effecting  of  a  violent 
chemical  reaction  at  a  point  more  or  less  distant.  Naturally  in  mat- 
ters of  preparedness  there  are  topics  whose  public  discussion  is  inadvisa- 
ble, but  there  is  one  to  which  I  do  not  hesitate  to  allude,  for  the  facts. 
ive  all  matters  of  published  record,  and  that  is  the  question  of  the  visi- 
|bk  supply  of  sodium  nitrate  in  this  country. 

I  In  these  days  of  rapidly  shifting  international  relations  the  only  sound 
imd  rational  policy  is  national  self-containedness.  Blessed  with  a  rich 
iKritage  of  wonderful  and  varied  natural  resources,  and,  in  our  isolation, 
confident  of  freedom  from  grave  international  complications,  we  have 
teceived  potash  suppHes  from  Germany  with  but  scant  forethought, 
save  in  the  national  Bureau  of  Soils;  and  now,  today,  agriculture  is  seriously 
^threatened ;  so  too  textile  manufacturers,  reaping  a  bountiful  harvest 
from  the  laboratories  and  dyestuff  factories  of  Germany,  have  given  no- 
helping  hand  to  the  struggling  young  home  industry  which  with  a  fair 
phow  would  now  have  been  able  to  meet  the  present  serious  deficiencies. 
Of  far  greater  importance,  at  least  from  the  standpoint  of  preparedness 
tor  war,  is  the  fact  that  at  present  we  are  dependent  solely  on  Chili  for 
iWpplies  of  sodium  nitrate,  the  crude  material  for  nitric  acid,  that 
^fine  qua  turn  in  the  manufacture  of  all  modern  explosives,  whether 
gnncotton,  trinitrotoluene,  picric  acid,  fulminating  mercury  or  what 
not 

True,  the  work  of  the  chemist  has  shown  in  later  years  how  to  pre- 
pare this  substance  from  the  nitrogen  of  the  air,  but  such  processes 
liave  not  been  able  to  compete  commercially  in  this  country  with  its  manu- 
.  isbcture  from  sodium  nitrate  and  sulfuric  acid.  Equally  true,  we  now 
see  no  immediate  probability  of  any  shutting  off  of  the  supply  of  nitrate 
.  from  Chili;  in  the  question  of  preparedness  for  war,  however,  probability 
bas  no  place  where  certainty  can  be  asstured. 

It  would  seem  the  part  of  wisdom,  therefore,  to  accumulate,  through 
governmental  aid  or  agency,  sufficient  extra  supplies  of  sodium  nitrate 
to  assiue,  in  case  of  war,  maximtmi  activity  of  explosive  manufactories 
until  sufiScient  plants  could  be  erected  for  the  adequate  manufacture 
oC  nitric  add  from  the  air.    The  annual  importation  of  this  material 
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averages  550,000  tons,  which  represents  an  investment  of  approxiiiiatdj 
fifteen  million  dollars.  The  presence  of  an  extra  year's  supply  within 
our  borders  might  prove  of  inestimable  value.  If,  happily,  the  war  docui 
passes,  such  acciunulations  of  nitrate  would  then  be  gradually  absorbed 
in  the  more  peaceful  Hues  of  the  fertilizer  industry,  and  the  cost  of  sadi 
preparedness  be  thus  limited  to  the  expense  of  storage  and  the  interest 
on  the  funds  invested. 

The  phrase  ** chemical  preparedness"  refers  really  to  the  whole  ques- 
tion of  the  status  of  chemical  industry.  Have  we  so  grappled  with  the 
many  questions  of  material  national  life  that  we  can  await  future  political 
developments  with  quiet  confidence  and  utmost  faith?  Undoubtedly 
much  has  been  accomplished,  but  this  is  no  time  for  self-congratulation. 
Par  more  profitable  will  it  be  to  look  shortcomings  squarely  in  the  face*] 
to  trace  influences  which  have  retarded  progress  and  to  endeavor  in  every 
legitimate  way  to  overcome  such  influences.  Time  does  not  admit  of 
too  extensive  treatment  of  this  subject,  but  there  are  two  matters  whose 
present  importance  justify  further  discussion.  I  refer  to  the  patent 
system  and  to  our  tariff  legislation. 

The  apparently  authentic  statement  that  more  money  is  spent  in  tim 
country  to  secure  and  defend  patents  than  is  earned  from  all  those  issued 
seems  a  sad  commentary  either  on  the  morals  of  the  nation  or  on  the 
efiiciency  of  the  patent  system.  With  a  natural  unwillingness  to  admit 
the  first  alternative  we  are  forced  then  to  ask  wherein  lies  the  deficiency 
of  the  patent  system? 

Primarily,  and  of  greatest  importance,  is  the  failure  of  our  people  as 
a  whole  to  understand  the  purpose  of  a  patent  S3rstem  and  its  value  as  a 
national  asset.  Its  purpose  is  to  foster  a  creative  spirit  throughout  our 
citizenry  by  giving  to  intellectual  rights  that  legal  protection  in  owner- 
ship which  is  afforded  property  rights,  such  ownership  carrying  with  it 
the  right  to  profit  therefrom.  He  who  creates  is  entitled  to  remunen* 
tion,  for  by  his  originality  he  places  the  nation  in  his  debt.  Such  indebt- 
edness is  no  hardship,  for  the  patentee  takes  nothing  away,  but  makes 
his  entry  in  advance  on  the  credit  side  of  the  national  ledger.  That  such 
entries  may  represent  maximum  creative  ability,  it  is  essential  that  they 
be  made  in  an  atmosphere  of  good-will  and  in  full  confidence  of  due  and 
prompt  guardianship  of  the  account. 

Too  often  the  attitude  of  the  public  is  one  of  antagonism  to  the  paten- 
tee, and  too  often  manufacturers,  pursuing  a  short-sighted  policy,  en- 
deavor in  every  way  to  evade  his  legally  conferred  rights.  Is  it  a  worthy 
thought  on  the  part  of  ''business,"  that,  since  inventive  genius  so  often 
lacks  business  qualifications,  it  offers  a  fair  field  for  commercial  piracy? 
Let  us  shake  off  such  thoughts  and  by  cooperation  seek  to  promote  that 
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creative  spirit,  the  fostering  of  which  lay  in  the  minds  of  those  who  founded 
the  patent  system. 

The  value  of  the  patent  system  as  a  national  asset  Ues  not  only  in  the 
constant  additions  to  daily  welfare,  but  al^  in  the  eventual  public  owner- 
riiip  of  the  new  ideas  underlying  these  contributions,  for  the  life  of  a  patent 
is  only  seventeen  years,  during  which  time  expenditure  both  of  brain  and 
of  funds  is  necessary  to  bring  the  idea  to  its  highest  practical  develop- 
ment; then  the  idea  legally  becomes  the  property  of  the  nation  for  unre- 
strained use.  Are  we  willing  that  this  national  asset  should  be  depre- 
dated by  an  unending  tax  on  the  time,  thought  and  finances  of  composite 
American  genius? 

If  these  general  considerations  ever  find  full  lodgment  in  the  public 
mind,  there  will  be  no  difficulty  in  securing  such  congressional  action 
as  ymll  perfect  the  patent  system  and  legal  procedures  incident 
Ifhereto,  thus  enabling  it  to  serve  fully  those  high  ends  for  which  it 
[was  designed. 

Finally,  in  the  Ught  of  the  present  situation,  may  we  not  hope  for  more 
generous   cooperation  between   Congress   and   our  chemical   industries 
in  solving  those  innate  economic  difficulties  whose  temporary  correction 
lean  be  provided  for  only  through  adequate  tariff  legislation?    I  realize 
finny  that  the  trend  of  national  opinion  in  recent  years  has  been  toward 
a  lowering  of  tariffs,  in  the  conviction  that  industrial  gjants  were  parading 
iiD  the  guise  of  swaddling  dothes,  but  the  present  tmforeaeeable  situation, 
[lesalting  in  the  cessation  of  imports  from  the  chemical  industries  of 
Germany,  has  shown  to  all  several  strikingly  weak  Unks  in  our  in* 
ydnstrial    chain.    We    can  not    afford    such,    ''National  self-contained- 
iliess"  is  a  more  fitting  slogan  for  us  now  than  ''Tariff  for  revenue  only." 
.If  such  links  are  to  be  strengthened,  we  must,  as  a  people,  meet  the  expense 
hy  giving  for  a  reasonable  time  that  measure  of  protection  which  will 
effect  a  union  of  capital  and  scientific  skill  tmder  no  undue  stress  of  un- 
fair foreign  interference. 

No  other  phase  of  our  chemical  industry  illustrates  so  well  the  point 
in  mind  as  the  synthetic  dyestuff  industry  about  which  so  much  discussion 
has  turned  during  the  past  year  and  concerning  which  even  more  active 
discussion  is  destined  to  be  furnished  during  the  year  just  ahead  of  us. 
Although  the  clamor  over  the  shortage  of  synthetic  dyestuffs  in  the  early 
period  of  the  present  war  was  shown  by  undeniable  statistics  to  have  had 
no  basis  in  fact,  nevertheless  the  present  complete  cessation  of  ship- 
ments from  Germany  and  the  constant  inroads  on  the  stocks  in  hand 
have  now  brought  about  a  real  and  serious  shortage. 

True,  the  total  annual  value  of  otu:  needs  in  this  line,  some  fourteen 
or  fifteen  million  dollars,  including  duties  paid,  is  not  large  as  compared 


L 


2244  CKARtBS  HOLM9S  HQimr. 

with  the  volttine  of  many  other  industries,  yet  the  use  of  the  .pcoducts 
is  so  ramified  throughout  industrial  life,  reaching  in  some  way  so  maaj 
manufacturing  plants  and  threatening  to  affect  so  many  laborers  that 
the  question  naturally  finds  anxious  utterance — "What  can  we  do  about 
this  shortage?''  This  question  can  be  answered  best  by  an  unflindnBg 
facing  of  what  we  as  a  people  have  done,  and,  equally  important,  what 
we  have  not  done. 

The  synthetic  dyestuff  industry  stands  today  as  Germany's  triumf^ 
It  has  been  developed,  partly  by  that  hearty  codperation  of  industries 
and  universities  to  which  I  have  already  referred,  and  partly  by  favorable 
legislation.  It  is  permeated  in  every  branch  by  the  spirit  of  reseaidt; 
In  its  interlacing  character  it  is  bound  together  by  reasonable,  commoiK; 
sense  codperation,  and  it  is  long  past  the  experimental  stage  with  these 
attendant  heavy  fiinancial  losses. 

At  one  time  we  had  a  young  industry,  nine  factories  in  all.  It  is  inter- 
esting  to  note  that  during  the  decade  1872-1882,  with  a  tariff  of  50  cents 
per  pound  and  35  per  cent,  ad  valorem  then  in  force,  the  price  of '  'aniline  red,"^ 
the  principal  dye  then  in  use,  was  reduced  from  $6 .  50  to  $2 .  25  per  pound. 
With  the  lowering  of  the  tariff  on  dyestuff s  in  1883,  ^^^  of  ^^  factoricd 
ceased  operations.  I  am  not  arguing  the  wisdom  of  such  l^slatimi,! 
but  am  simply  stating  facts.  Further,  it  is  a  matter  of  public  reoori 
that  the  most  earnest  advocates  of  tariff  reduction  on  dyestuffs  and  off^ 
ponents  of  its  increase  were  those  who  are  now  rightly  so  alarmed  aboatj 
the  present  shortage.  Again  I  do  not  criticize,  but  state  facts  k 
explanation. 

In  spite  of  these  difficulties  one  of  our  factories  successfully  und 
at  one  time  a  considerable  production  of  aniline  oil  and  other  interm^ 
products  for  which  we  had  depended,  up  to  that  time,  on  foreign 
tries.    What  was  the  result?    A  market  flooded  with  these  prod 
from  abroad  at  prices  far  below  American  cost  of  production.     Whi 
For  the  express  purpose  of  throttling  the  new  effort  in  this  country,  thej 
quintessence  of  '*  dumping."  I 

What  could  be  done  in  such  a  situation?  What  can  be  done  todagr 
in  any  similar  situation?  It  is  a  task  too  great  for  economic  enterprise 
and  there  is  no  legal  redress.  In  our  intra-national  conduct  of  business 
we  have,  by  effective  national  legislation,  put  the  stamp  of  public  condeiih 
nation  on  this  practice  of  dumping,  and  have  insisted  that  in  business 
relations  with  each  other  the  spirit  of  true  democracy  'must  reign,  grant* 
ing  to  each  full  opportunity  to  develop  to  that  maximum  to  which  taknts 
and  energy  enable  and  entitle.  I  badly  misjudge  the  temper  of  oorj 
people  and  their  spirit  of  fair  play,  which  is  the  essence  of  democracy,  ii^ 
given  opportunity  to  understand  this  situation,  they  do  not  speedily  set 
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about  to  oorrect,  througfa  their  representatives  in  Congress,  this  serious 
defect  in  national  legislation  by  the  enactment  of  an  effective  "anti- 
dumping" clause. 

To  meet  the  present  deficiency  in  dyestuffs  some  progress  has  been 
made.  Naturally  the  use  of  vegetable  dyes,  at  one  time  our  sole  depen- 
dence, has  materially  increased.  One  S3mthetic  dyestuff  factory  has  felt 
justified,  through  the  agency  of  long  term  contracts  at  trebled  prices  with 
its  customers,  in  undertaking  the  manufacture  of  those  ''intermediates" 
necessary  in  the  manufacture  of  its  specialty.  The  extremely  high  prices 
at  present  ruling  have  stimulated  the  organization  of  a  few  more  manufac- 
turing concerns.  The  Department  of  Commerce  is  seeking  to  aid  in 
many  wa3rs.  The  outlook  for  raw  material  has  improved  through  the 
realization  of  its  waste  in  the  beehive  coke  ovens,  though  most  of  the 
increased  recovery  is  at  present  finding  its  way  into  the  manufacture  of 
explosives.  After  all  is  said,  however,  the  serious  deficiency  still  exists 
and  will  continue  unless  the  day  of  peace  be  inconceivably  near,  or  prompt 
and  effective  measures  be  taken. 

It  may  seem  strange  that.  Math  an  intense  demand  for  its  products, 
an  assured  supply  of  raw  material,  and  an  abundant  supply  of  technically 
trained  chemists,  the  American  dyestuff  induistry  shows  as  yet  no  evidence 
of  that  full  expansion  which  will  enable  it  to  meet  the  present  crisis  and 
provide  in  the  future  for  our  constantly  growing  needs.  The  explana- 
tion is  simple:  capital  is  not  convinced  that  investment  in  such  an  indus- 
try, under  present  conditions,  is  profitable  or  safe — and  rightly  not  con- 
vinced, because  the  opinions  of  experts,  familiar  with  every  phase  of  this  in- 
dustry in  Germany  and  in  America,  agree  that  imder  present  tariffs  it  would 
be  unprofitable,  and  past  experience  with  German  practice  justifies  the 
fear  of  inordinate  dtunping,  which  will  take  place  in  the  inevitable  strug- 
gle to  regain  markets,  following  the  retiun  of  peace. 

The  prime  consideration,  therefore,  in  the  immediate  development  of 
this  industry  in  otu'  midst,  is  congressional  action  in  the  form  of  an 
effective  anti-dumping  clause  and  an  increase,  for  a  reasonable  period, 
of  the  present  tariff  on  dyestuffs.  As  a  guide  to  what  this  increase  should 
be,  we  have  the  judgment  of  the  committee,  of  the  New  York  Section  of 
this  Society,  a  committee  representative  of  all  interests  concerned,  in  the 
persons  of:  B.  C.  Hesse,  chemical  expert  in  coal-tar  dyes.  Chairman; 
H.  A.  Metz,  for  the  importers;  J.  B.  F.  Herreshoff,  for  the  manufacturers 
of  heavy  chemicals;  I.  F.  Stone,  for  the  American  coal-tar  dye  producers; 
J.  Merritt  Matthews,  for  the  textile  interests;  David  W.  Jayne,  for  the 
producers  of  crude  coal-tar  products;  and  Allen  Rogers,  Chairman  of  the 
New  York  Section.  The  unanimous  report  of  this  committee,  which  was 
unanimously  adopted  by  the  Section,  says:  **It  has  been  conclusively 
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demonstrated  during  the  past  thirty  years  that  the  present  tariff  rate  ci 
30  per  cent,  on  tlyestuffs  is  not  sufficient  to  induce  the  domestic  dyestitf  iiii' 
dustry  to  expand  at  a  rate  comparable  with  the  constunpticm  of  dyestdb 
in  this  cotmtry  and  that,  therefore,  all  dyestuffs  made  from  coal  tai; 
whether  they  be  aniline  dyes  or  alizarin,  or  alizarin  dyes,  or  an 
dyes  or  indigo,  so  long  as  they  are  made  in  whole  or  in  part  from 
of  or  obtainable  from  coal  tar,  should  all  be  assessed  alike,  namdy,  30 
cent,  ad  vdbrem  plus  7  Vs  cents  per  potmd  specific,  and  that  all  m; 
tured  products  of  or  obtainable  from  coal  tar,  themselves  not  dyes 
colors  and  not  medicinal,  should  be  taxed  15  per  cent,  ad  valorem  and  3'j 
cents  per  pound  specific." 

Are  the  people  of  this  country  ready  to  cooperate  with  the  dii 
by  authorizing  the  prompt  enactment  of  such  legislation?     If  so, 
need  be  no  fear  that  active  cajHtal  wiU  be  longer  withheld,  and  thus 
can  fed  confident  of  a  S3mthetic  dyestuff  industry  commensurate 
our  needs. 

As  I  think  of  the  possibility  of  such  an  industry,  I  recall  the  words 
the  Swiss  professor,  Gnehm,  who,  in  1900,  after  one  of  his  lectures 
coal-tar  dyes,  said  to  me:  ''The  natural  home  of  the  dyestuff  in 
is  in  your  country  and  some  day  it  will  flourish  there." 

The  creation  of  sudi  a  self-contained  industry,  however,  has  far 
meaning  for  otu*  national  welfare  than  the  supplying  of  needed  d 
for  such  plants  would  constitute  an  easily  convertible  reserve  for  the 
facture  of  coal-tar  explosives  in  times  of  war. 

Through  its  stimulative  effect  on  research,  on  technique  and  in 
of  material  the  dyestuff  industry  has  ftuthered  the  development  of 
the  explosives  and  the  medicinal  industries.    Its  firm  establishment 
would  foretell  the  complete  development  of  each  of  this  great  trio  of  t 
tries,  which,  as  a  whole,  furnish  the  rational  and  economic  \x 
of  that  great  mass  of  coal  tar  which  now  wastes  itself  in  usdess 
above  the  coke  ovens  throughout  the  land. 

Co6peration — it  is  a  good  word,  and  carries  with  it  a  wonderful 
of  accomplishment! 

Chapsi.  HiUm  N.  C 


[Contribution  prom  Tmc  Schooi,  op  Cbsmistry  op  ths  Univbrsity  of 

THE  REDUCING  POWER  OF  PHOTOGRAPHIC    DBVELOl 
AS  MEASURED  BY  THEIR  SINGLE  POTENTIALS. 

Bv  pRAMcn  C.  PxAKY  AMD  Aooura  H.  Nmrs. 
Received  July  28.  1915. 

One  of  the  most  important  properties  of  a  developer  is  its 
power,  as  measured  by  the  free  energy  of  the  reaction  when  it  is 
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dizecL  It  is  evident  that  this  must  be  adjusted  to  lie  within  certain  Umits ; 
to  insure  proper  development  of  the  image  on  the  one  hand»  and  on  the 
other  to  avoid  the  production  of  chemical  fog,  due  to  the  development 
of  unexposed  silver  bromide.  No  direct  determinations  of  this  property 
have  hitherto  been  made.  Sheppard  and  Mees,^  by  an  indirect  method 
depending  on  the  restraining  power  of  potassium  bromide,  have  obtained 
values  representing  the  relative  reducing  power  of  /^raminophenol,  hydro- 
chinon,  hydroxylamine  and  ferrous  oxalate  developers.  Assigning  a 
value  of  1 .00  to  ferrous  oxalate,  they  find  the  following  numbers  for  the 
other  developers:  ^-Aminophenol,  3.4;  hydrochinon,  0.6;  hydroxyl- 
amine,  i .  13. 

Mathews  and  Barmder,*  and  Lidbury,^  have  recently  pubUshed  some 
work  on  the  single  potentials  of  various  developers,  but  have  neither 
given  data  nor  suggested  a  method  by  which  either  absolute  or  relative 
ledudng  powers  of  these  developers  could  be  determined.  It  is  to  be 
noted  that  the  observations  of  Mathews  and  Barmeier  extended  oyer 
periods  of  only  six  to  twenty  hours,  in  which  time  it  is  impossible  to 
even  approach  equiUbrium  values  for  the  single  potentials.  Lidbury 
extended  his  observations  over  a  longer  period  of  time,  but  frankly  states 
that  he  did  not  consider  that  he  obtained  equihbritun  values.  The  de- 
terminations of  Mathews  and  Barmeier  are  also  obscured  by  an  error 
in  calculation,  apparently  due  to  a  false  conception  of  the  sign  and  use 
of  the  normal  calomel  electrode.  They  drew  certain  conclusions  from  the 
-shape  of  the  curves  representing  the  value  of  the  single  potential  as  a 
function  of  the  time;  but,  as  will  be  shown  later,  the  shape  of  these  curves 
is  incidental  to  the  approach  of  the  equilibrium,  and  in  no  way  a  batis 
for  the  conclusions  which  they  draw. 

In  this  work  we  shall  attempt  to  show: 

(i)  That  the  more  or  less  rapid  variation  of  potential  observed  during 
the  first  period  (sometimes  for  weeks),  shows  absolutely  nothing  concern- 
ing the  real  single  potential  of  the  developer,  no  matter  what  form  the 
•curve  may  take.  Nearly  all  developers  start  at  about  the  same  point 
and  closely  parallel  each  other  for  some  time.  At  any  rate,  these  initial 
•changes  are  unimportant  and  incidental;  it  is  the  final  point  of  equilib- 
rium alone  which  can  give  us  the  desired  information.  The  attainment 
'of  this  presents  many  difficulties,  as  later  experience  shows. 

(2)  That  it  is  impossible  to  consider  a  fall  of  potential  as  being  due  to 
■oxidation  of  any  sort,  much  less  that  of  the  sulfite,  as  suggested  by  Mathews 

^  Sheppard  and  Mees,  "Investigations  of  the  Theory  of  the  Photographic  Process/' 
pp.  188-196  (Longmans,  Gieen  &  Co.). 

*  Mathews  and  Barmeier,  Prac,  8th  Intern.  Congr.  Appl.  Chem.,  20,  201. 

*  Lidbury,  Ibid.,  30|  189,  193,  197. 
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and  Banneier.  Moreover,  these  changes  can  not  be  due  in  any  degree  ta 
the  sulfite  present;  it  is  probable  that  the  sulfite  plays  a  minor  rok  ia 
the  mechanism  of  the  developer.^  But  it  seems  to  be  established  by  ex- 
perience and  experimental  evidence  that  the  carbonate  is  a  very  impor- 
tant factor.  Our  reasons  for  not  agreeing  with  the  sulfite-oxidatioa 
theory  of  the  cause  for  falling  potentials  are  presented  in  the  followiot 
pages,  which  give  a  theory  that  has  been  based  entirely  on  experimeatai 
facts. 

In  addition,  the  fundamental  theory  of  the  production  of  a  differaioe^ 
of  potential  between  the  electrode  and  the  developer  and  the  conditiooi 
preventing  the  immediate  attaiimient  of  its  true  value  will  be  disnwsfd^ 
The  explanation  of  ctursres  such  as  those  obtained  by  Mathews  and  Bar^ 
meier  will  be  obvious.  A  method  of  determining  both  the  absolute 
relative  reducing  power  of  a  developer  will  be  discussed  and  employed. 

Theoretical. 

The  cause  of  a  difference  of  potential  between  a  platinized  platin 
electrode  and  a  developer  must  be  the  gaseous  hydrogen  formed  in 
developer  and  deposited  on  the  electrode.    The  electrode  potential 
then  be  a  function  of  the  partial  pressure  of  the  hydrogen  on  the 
trode  and  the  hydrogen-ion  concentration  of  the  developer.    The 
duction  of  hydrogen  probably  takes  place  in  the  manner  indicated  in 
following  ionic  reaction: 

H+  +  OH-  +  R  =  RO  +  H,, 

where  R  represents  the  active  portion  of  the  reducing  agent  in  the 
vek>per,  and  no  assumptions  are  made  as  to  the  way  in  whi<^  it  coml 
with  the  oxygen.    It  is  evident  that  the  concentration  (and  therefi 
the  partial  presstu'e  on  the  electrode)  of  the  hydrogen  produced  de; 
on  the  temperature,  the  concentration  of  the  reducing  agent,  and 
nattu'e  of  the  latter.    Since  the  product  of  the  hydroxyl-ion  and  hydr< 
ion  concentrations  is  constant  at  any  given  temperatture,  the  only 
in  which  the  alkalinity  of  a  developer  can  affect  its  reducing  power  is 
changing  the  concentration  or  nature  of  the  active  portion  of  the  redu 
agent.     It  is  probable  that  the  reducing  agent  is  present  in  the  form  of 
sodium  salt,  more  or  less  hydrolyzed  and  dissociated,  and  that  the  acti 
portion  consists  of  the  anion  formed  in  the  dissociation.     It  is  probal 
that  the  greater  part  of  the  effect  of  the  carbonate  in  conditioning 
velocity  and  density  attained  in  development  is  due  to  its  action  in  swi 
ing  the  gelatin  and  thus  facilitating  the  action  of  the  developer  on 
silver  salt. 

Since  the  single  potential  of  a  developer  depends  both  on  the  alkalini^ 
^  Sheppard  and  Mees,  Loc.  cit.,  p.  179. 
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«f  the  -solution  and  the  concentration  or  pressure  of  the  hydrogen  on  the 
•electrode,  and  the  latter  alone  is  the  measure  of  the  reducing  power  of 
the  developer,  it  is  obvious  that  a  direct  comparison  of  the  single  poten- 
dais  of  developers  would  give  us  no  information  as  to  their  relative  reduc- 
ing powers.  Nemst^  states  that  the  reducing  power  is  greater  according 
as  the  gas  evolution  (hydrogen)  takes  place  at  a  higher  pressure.  In 
«rder  to  determine  the  absolute  pressure  of  hydrogen  represented  by  a 
given  single  potential  £«  of  a  developer,  it  is  only  necessary  to  also  de- 
termine, in  the  same  solution,  the  potential  Eh<  of  a  platinized  electrode 
saturated  with  hydrogen  at  atmospheric  pressure.  For  two  hydrogen 
electrodes  in  the  same  solution,  but  saturated  with  hydrogen  at  differ- 
ent pressures,  the  difference  of  potential  is  represented  by  the  formula 

E  =  0.0001983  T  log  C/C, 

where  C  and  C  represent  the  hydrogen  pressures.  Since  the  pressure 
in  one  case  is  known  to  be  one  atmosphere,  C  =  i,  and  at  25^  the  equa- 
tion becomes 

E  =  0.05909  log  i/C, 

£  being  the  difference  betw€9en  the  hydrogen  potential  of  the  developer 
and  its  single  potential  (E  »  Eh.  —  E«).  This  partial  pressure  of  hy(bY>- 
:gen  (CO  seems  to  be  the  only  absolute  standard  to  which  the  reducing 
power  of  the  developer  can  be  referred. 

By  determining  the  hydrogen  potential  (E^)  of  the  same  developer  in 
^several  stages  of  oxidation,  it  was  shown  that,  in  the  case  of  hydrochinon 
at  least,  the  alkalinity  of  a  developer  was  not  affected  by  its  oxidation, 
and  no  error  is  therefore  introduced  by  any  such  change  during  the  de- 
termination. 

In  such  a  complex  system  it  should  not  be  expected  that  equilibrium 
would  be  at  once  obtained.  When  it  is  finally  leached,  it  is  obvious 
that  the  electrode,  the  solution,  and  any  space  above  the  solution,  must 
an  be  saturated  with  hydrogen  at  the  same  partial  pressure.  The  attain- 
ment of  this  condition  is  delayed  by  two  different  t3rpes  of  causes:  chem- 
ical and  physical. 

Of  the  chemical  causes,  the  presence  of  oxygen  in  the  solution  is  at  first 
very  important.  This  continually  dissolves  in  the  platintun  and  acts 
as  a  depolarizer,  tmtil  it  is  all  consumed.  The  extent  of  this  delay  is  de- 
termined by  the  quantity  of  the  oxygen  and  by  the  difficulty  with  which 
the  last  traces  of  it  may  reach  the  electrode.  Another  chemical  cause, 
which  seems  to  be  particularly  important  in  the  case  of  hydrochinon, 
is  a  sort  of  reaction-resistance,  apparently  inherent  in  the  substance 
itself,  and  probably  allied  with  the  initially  low  chemical  velocity  found 

*  Nernst,  "Theoretische  Chemie/'  5th  ed.,  p.  740. 
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in  the  hydrochinoa  developer  by  Sheppard  and  Mees.^  We  wcfe  wtk  U 
eliminate  the  errors  due  to  the  presence  of  oxygen  by  maVing  up  the  d& 
veloper  in  vacuo  with  special  precautions,  and  by  this  means  ^btaiofii: 
equilibrium  within  a  week  for  amidol,  but  were  unable  to  approach 
with  pvurt  hydrochinon  developers  in  three  months.  A  hydrochinoa 
veloper  made  up  with  0.5  g.  tetrathiourea  anunonium  bromii 
seemed  to  come  to  an  equiUbrium  very  quickly  at  a  potential  iadii 
much  higher  hydrogen  pressure  than  would  be  expected  for  hyt 
After  maintaining  this  potential  for  a  week,  the  very  small  quantity 
the  thiourea  salt  seemed  to  have  been  decomposed  by  the  alkali^  and 
potential  very  quickly  rose  to  approximately  the  value  previeusly 
tained  for  metol-hydrochinon,  and  probably  nearly  correct  for  h] 
chinon  alone.  This  value  was  maintained  for  six  weeks.  Apparent 
the  thiourea  salt  either  lowered  the  reaction  resistance  or  aided  in 
ing  about  a  condition  which  the  hydrochinon  was  able  to  wfltntiftiti 
the  thiourea  salt  was  decomposed. 

The  physical  causes  all  concern  the  problem  of  getting  the  hy< 
to  the  electrode,  and  the  mechanical  removal  of  the  hydrogen.  In 
to  study  these  it  will  first  be  necessary  to  consider  the  manner  in 
the  hydrogen  gas  is  produced.  Bither  it  is  produced  by  the  devel< 
through  the  catalytic  action  of  the  platinum  black,  and  therefore 
on  the  electrode,  or  it  is  formed  throughout  the  solution  and  is 
by  the  platinum  electrode  on  account  of  its  solubiUty  in  platinam 
Bubbling  an  inert  gas  through  the  scdution  at  the  dectrode  causes  an 
mediate  rise  in  the  potential,  which  might  be  due  to  the  meckaaical 
moval  of  the  hydrogen  from  the  dectrode  by  the  gas.  If  the  hji 
were  formed  at  the  electrode  only,  on  account  of  the  catalytic  action 
the  latter,  stirring  the  solution  in  a  dosed  cell  completdy  filled 
liquid  should  have  the  same  effect,  to  a  smaller  extent,  as  bubbling 
inert  gsui  through  the  solution.  The  fresh  solution  should  dissolve 
drogen  out  of  the  electrode  and  cause  its  potential  to  rise  (become 
positive).  As  a  matter  of  fact,  many  experiments  along  this  line, 
they  have  given  any  results  at  all,  have  produced  a  lowering  of  the 
tial,  caused  evidently  by  an  increase  of  hydrogen  concentration  on 
dectrode.  It  would  appear  most  probable  then,  that  the  hydrogen 
produced  throughout  the  solution  and  extracted  by  the  platinum  bl 
The  attainment  of  equilibrium  between  the  platinum  and  the  soli 
is  therefore  physically  hindered  by  the  slow  diffusion  of  the  hy< 
through  the  developer  toward  the  platinum,  and  from  the  liquid  b 
the  metal  itsdf .  Similarly,  the  hydrogen  must  diffuse  through  the  lii 
and  from  the  liquid  into  the  space  above,  before  the  partial  pressure  o£ 

^  Sheppard  and  Mees,  Loc.  cit.,  p.  169. 
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gas  in  that  space  can  correspond   to  that  of   the  hydrogen  in   the 
solution. 

Since  an  increase  of  the  concentration  of  the  hydrogen  on  the  electrode 
makes  it  more  negative  with  respect  to  the  solution,  the  potential  will 
continue  to  change  in  this  direction  until  the  hydrogen  gas 'is  in  equi- 
librium with  the  solution,  the  platinum  of  the  electrode,  and  the  space 
above  the  liquid  surface.  These  considerations  alone  are  evidently 
sufficient  to  explain  the  fact  that  the  single  potential  of  a  developer  changes 
very  rapidly  at  first  and  then  more  and  more  slowly,  giving  etudes  of  the 
shape  shown  by  Mathews  and  Barmeier.  Therefore  the  shape  of  these 
curves  can  not  be  cited  in  support  of  their  views  as  to  the  function  of  the 
different  constituents  of  a  developer. 

Experimental. 

All  single  potentials  were  meastu'ed.with  the  aid  of  a  large  potentiom- 
eter (Kompensations-Apparat  nach  Franke^  and  a  very  sensitive 
galvanometer.  The  potentiometer  was  frequently  adjusted  by  the  use 
of  a  Weston  cell,  which  had  been  made  up  for  more  than  a  year  and  was 
compared  dtuing  the  preliminary  experiments  with  a  cell  certified  by  the 
Rdchsanstalt.  The  normal  calomel  electrode  was  used,  being  assigned 
the  value  0.560  -f-  0.0006  (t  —  18),  the  merciuy  being  considered  posi- 
tive to  the  solution.*  All  single  potentials  are  given  as  the  potentials 
of  the  electrode  minus  that  of  the  solution  (Ept  —  Eaoi)-  The  error  in 
the  determinations  of  the  potentials  is  of  the  order  of  0.00 1  volt  or  less, 
usually  no  more.  A  saturated  solution  of  potassium  chloride  was  used 
as  the  intermediate  liquid  in  all  cases. 

The  first  experiments  were  made  with  an  electrode  cell  consisting  of  a 
250  cc.  bottle,  partially  filled  with  developer,  and  closed  with  a  rubber 
stopper,  through  which  passed  the  necessary  glass  tubes.  The  solution 
was  a  metol-hydrochinon  developer  recommended  for  use  with  Seed  plates, 
having  the  composition,  in  grams  per  1000  cc.  water:  metol  1.85  g., 
hydrochinon  1.85  g.,  soditun  sulfite  13.9  g.,  sodium  carbonate  13.9  g. 
The  carbonate  used  in  this  formula  was  Merck's  c.  P.  dried,  which  was 
later  found  to  contain  14.8%  water.  The  sulfite  was  Baker's  analyzed 
anhydrous,  which  was  that  used  throughout  all  our  experiments. 

The  curves,  of  which  Nos.  i  and  2,  Fig.  i,  are  examples,  have  the  slope 
required  by  the  theory.  After  several  hotus  the  curve  begins  to  rise 
again  (not  included  in  the  figure)  and  the  developer  becomes  yellow, 
evidently  on  accotmt  of  oxidation.  The  oxygen  absorbed  has,  by  its 
depolarizing  effect,  distorted  the  curve,  prevented  the  attainment  of  equi- 
librium, and  has  oxidized  the  developer  so  that  it  is  finally  unable  to 

^  Z.  Instrumentenkunde,  23,  93  (1903). 

'  Ostwaki  Luther,  "Phsrsiko-Chemische  Messungen,"  3nl  ed.,  p.  443. 
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produce  hydrogen  as  fast  as  the  latter  is  oxidized  at  the  electrode, 
the  potential  begins  to  rise  again.     Mathews  ^d  Barmeier  have  st 
that  the  existence  of  the  first  part  of  the  curve,  where  the  electrode  i 
becoming  more  and  more  negative  with  respect  to  the  stdution,  is  due 


40   50    60    70    So    go   100  no  I30  130  140  150  160 
Minutes. 
Fig.  1. — Electrode  potentials  in  developers. 

the  oxidation  of  the  developer,  but  it  is  evident  that  the  later  por 
the  curve,  where  the  potential  is  becoming  more  and  more  posii 
really  the  one  where  the  effect  of  oxidation  appears. 

To  show  the  effects  of  oxidation  and  mechanical  a^tation,  tn 
were  used  which  had  been  set  up  for  some  time,  and  had  already  ai 
fairly  low  values  for  the  electrode  potentials.  Air  was  bubbled  t 
one  of  these,  and  nitrogen  through  the  other.  The  results  are 
in  Curves  3  and  4,  Fig.  i.  The  values  plotted  at  zero  time  are 
taken  just  before  the  gas  was  turned  on.  In  both  cases  it  will  b« 
that  there  is  an  immediate  rise  in  the  potential  of  the  electrode,  evi 
due  to  the  removal  of  hydrogen  from  the  platinum.  Curve  3  sho» 
when  nitrogen  is  used,  and  the  effect  is  purely  mechanical,  this  rise 
ceeded  by  a  drop,  after  which  the  curve  tends  to  become  h<tti 
The  rise  at  first  is  apparently  due  to  the  agitation,  which  brings 
electrode  a  surface  layer  of  developer  richer  in  oxygen.  This  at  o 
acts  with  the  hydrogen  in  the  electrode,  but  the  passage  of  the  ni 
both  tends  to  remove  oxygen  already  in  the  developer  and  to  p 
more  from  entering  it.     The  potential  then  drops  rather  rapidly 
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electrode  absorbs  hydrogen  from  the  solution,  while  the  nitrogen,  by  tend- 
ing to  remove  this  hydrogen,  flattens  out  the  curve  and  soon  is  able  to 
remove  the  hydrogen  as  fast  as  it  is  formed.  If  the  nitrogen  is  now  tinned 
off,  the  ciffve  drops  rather  suddenly  as  shown  in  Fig.  2,  since  the  inter- 
fering action  of  the  nitrogen  is  removed. 

Curve  4,  Fig.  i,  shows  the  electrode  potential  when  air  is  bubbled 
through  the  solution  and  the  depolarizing  efifect  of  the  oxygen  is  thus 
maintained.  The  difference  between  Cm^es  3  and  4  can  only  be  ascribed 
to  the  oxygen  in  the  air,  and  refutes  entirely  the  claims  of  Mathews  and 
Barmeier  as  to  the  effect  of  oxidation  of  the  developer.  After  the  two 
cells  bad  run  in  this  manner  for  some  time,  they  were  interchanged,  the 
one  containing  nitrogen  being  now  supplied  with  air,  and  vice  versa.  The 
new  curves  for  agitation  with  nitrogen  and  air  were  almost  identical  with 
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Fig.  2. — Effect  of  a  current  of  nitrogen 
on  the  electrode  potential  in  a  de- 
veloper. 
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Fig.  3. — Electrode  potential  in  de- 
veloper with  hydrogen  passed 
through  the  solution. 


Curves  3  and  4,  thus  indicating  that  the  shape  of  these  ciuves  was  de- 
termined entirely  by  the  composition  of  the  gas  used. 
.  A  similar  mechanical  effect  was  observed  when  a  cell  was  shaken  vigor- 
ously for  half  a  minute,  and  the  potentials  then  read  at  intervals  (Curve 
5,  Fig.  i).  If  the  potential  of  a  developer  is  taken  by  means  of  an  elec- 
trode dipping  into  it  in  an  open  dish,  and  the  solution  is  stirred,  the  re- 
sults are  the  same. 

A  current  of  hydrogen  was  passed  through  a  cell  which  had  been  set 
up  for  several  hours  and  which  had  attained  a  nearly  constant  value  of 
— o. 060  volt.  The  results  are  shown  in  Fig.  3 ;  the  hydrogen  being  turned 
on  at  point  A,  18  minutes  after  the  beginning  of  the  portion  of  the  curve 
shown.  A  slight  rise,  due  to  depolarization  by  dissolved  oxygen  from  the 
surface  of  the  developer,  is  again  observed,  followed  by  a  rapid  drop, 
due  to  the  saturation  of  the  platinum  with  hydrogen.  At  each  of  the 
three  points  marked  S,  the  cell  was  shaken  vigorously  for  half  a  minute, 
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and  it  will  be  noticed  that  the  effect,  which  was  slight  at  first,  becomes 
negligible  as  the  electrode  approaches  saturation.  This  is  exactly  what 
would  be  expected  from  the  explanation  already  given.  This  curve  has 
the  same  general  characteristics  as  the  previous  ones,  and  those  of  Mathews 
and  Barmeier,  and  substantiates  the  theory  of  the  causes  of  the  retarda- 
tion of  the  equilibrium  in  the  determinations  of  the  single  potential  of 
developers. 

In  order  to  obtain  the  real  single  potential  of  a  developer,  it  is  evident 
that  an  apparatus,  entirely  constructed  of  glass,  must  be  comjdetely 
filled  with  the  developer  and  the  observations  extended  over  a  long  time, 
until  it  is  quite  certain  that  equilibrium  is  reached.  The  form  of  elec- 
trode cell  finally  adopted  is  shown  in  Fig.  4.  The  total  capacity  up  to 
the  stopcock  B  is  about  4  cc.  At  D  is  a  constriction,  so  that,  after  filling, 
the  apparatus  may  be  evacuated  and  sealed  off.  £  is  a  small  platinized 
electrode.  The  side-tube  is  drawn  to  a  fine  point  at  C,  which  is  plugged 
with  filter  paper  after  the  cell  is  filled.  A  short  piece  of  rubber  tubing 
with  a  glass  plug  closes  the  end  C\  At  first  these  cells  were  filled  as  fol- 
lows: the  developer  was  quickly  mixed  and  drawn  up  to  point  F,  the  stop- 
cock was  closed,  the  cell  evacuated  with  a  water  pump  and  sealed  off  at 
D.  After  cooling,  C  was  placed  in  a  small  amount  of  the  developer  and 
the  stopcock  opened,  whereupon  the  cell  filled  almost  completely,  leav- 
ing only  a  small  bubble  of  air  over  the  solution.  The  plug  of  filter  paper 
was  inserted  in  C,  and  the  apparatus  was  ready  for  use.  With  this  cell 
the  Seed  metol-hydrochinon  developer  reached,  after  six  weeks,  a  faiily 


Pig.  4. — Cell   for  determining  the 
^ngle  potential  of  a  developer. 


Fig.  5.— Electrode  potential  of  Cefl 
No.  3,  Developer  No.  i,  Jan.  15, 
to  May  2. 
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constant  value  of  — 0.150  volt.  Four  different  cells  containing  this 
devdcqier  ultimately  gave  the  same  reading,  maintaining  it  for  a  period 
of  nearly  two  months.  Fig.  5  shows  the  observations  on  one  of  these 
ceDs.  Many  minor  irregularities  are  to  be  noted.  As  stated  on  page 
2336,  the  carbonate  used  in  this  developer  contained  about  15%  water. 
On  account  of  the  importance  of  this  salt,  it  was  decided  that  later  de- 
terminations should  be  made  with  thoroughly  dried  material. 

Suspecting  from  the  behavior  of  the  cells  that  some  of  the  irregularities 
shown  in  Fig.  5  might  be  due  to  inhomogeneity  of  the  solution,  small 
rods  of  glass  were  put  in  some  of  the  cells  to  act  as  stirrers.  With  the  use 
of  these  it  was  at  times  possible,  when  a  temporary  equiUbrium  appeared 
to  have  been  reached,  to  disturb  this  and  start  the  potential  downward. 
No  uniformity  could  be  traced  in  the  results  of  shaking,  although  it  was 
observed  that  there  was  a  certain  stage,  between  +0.035  and  — 0.040 
volt,  where  the  cell  was  more  sensitive  to  shaking.  Some  of  the  cells 
reached  a  temporary  equilibrium  which  might  have  proved  very  mis- 
leading, if  only  one  determination  were  made.  One  of  the  cells  contain- 
ing this  developer  remained  at  +0.035  volt  for  more  than  ten  days, 
another  at  about  zero  for  several  days,  and  a  third  seemed  constant  at 
about  -^-0.036  for  a  week. 

With  the  hope  of  hastening  the  attainment  of  the  equilibrium  and 
further  eliminating  sources  of  error,  an  apparatus  was  designed  and  made 
whereby  the  developer  could  be  mixed  in  vacuo  with  oxygen-free  water, 
and  then  filled  into  electrode  cells  of  the  same  design  as  shown  in  Fig.  4, 
the  latter  having  also  been  evacuated  and  washed  out  with  both  nitrogen 
and  the  developer.  The  apparatus  and  its  use  will  be  described  together. 
The  apparatus  is  shown  in  Fig.  6. 

The  tube  V  is  connected  with  the  vacuum  pump,  N  with  the  nitrogen 
supply  (made  from  ammonium  nitrite  and  washed  with  alkaline  pyro- 
gaOate  in  a  Liebig  potash  btdb),  and  the  tube  M  is  connected  with  the 
tube  C  of  the  cell.  All  the  glass  parts  have  been  previously  cleaned  with 
chromic  acid  and  washed  with  distilled  water.  The  tight  rubber  stopper 
S  is  put  in  place,  and  the  tube  now  evacuated.  H  is  a  stopcock  so  arranged 
that  the  suction  can  be  applied  either  at  J  or  C.  A  tight  rubber  tube 
and  glass  plug  are  placed  over  C.  For  the  first  part  of  the  operation 
the  suction  is  applied  at  J,  the  stopcock  R  being  open  while  B  is  closed. 
When  most  of  the  air  has  been  removed  from  the  mixing  apparatus 
and  the  cell,  nitrogen  is  slowly  admitted  at  C,  and  J  is  closed.  The 
apparatus  is  allowed  to  fill  with  nitrogen,  is  then  evacuated  as  before 
and  again  filled  with  nitrogen.  Tube  T  is  large  enough  to  contain 
about  75  cc.,  and  shotdd  be  about  20  cm.  long.  It  is  graduated  for  25 
and  50  oc. 
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About  100  cc.  of  distilled  water  are  boiled  for  ten  minutes  in  air.  Thei 
stopper  S  is  loosened  and  the  stopcocks  so  arranged  that  a  rather  btisfcj 
stream  of  nitrogen  will  flow  through  the  apparatus  from  C  when  S  is  n^j 
moved.  The  stopper  S  is  now  removed  and  about  35  cc.  of  the 
water  quickly  introduced  into  the  apparatus  by  means  of  a  pipet. 


Fig.  6. — ^Apparatus  for  making  up  developer  and  filling  electrode  cell  in  vacuo, 

stopper  is  then  again  inserted,  the  nitrogen  supply  shut  off,  and  suci 
again  appHed  slowly  at  J,  until  the  water  boils  vigorously.     A  slow 
of  nitrogen  is  now  allowed  to  flow  through  the  apparatus  from  C, 
the  boiling  in  vacuo  cautiously  continued,  with  gentle  heating. 
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boilitig  ten  minutes,  the  suction  is  shut  off  and  the  apparatus  allowed  to 
fin  with  nitrogen  and  cooled.  The  volume  of  the  water  should  be  ad- 
justed to  25  cc  by  drawing  out  the  excess  through  J.  The  developer, 
previously  accurately  weighed  into  small  glass  capsules,  is  now  introduced 
through  the  tube  U,  while  a  current  of  nitrogen  flows  through  the  appara- 
tus as  before.  The  capsules  are  dropped  into  the  tube  V  by  inclining 
the  apparatus,  or  carefully  placed  in  the  tube  U,  but  are  not  allowed  to 
come  in  contact  with  the  water.  The  stopper  S  is  now  put  in  tightly, 
and  the  apparatus  evacuated  as  far  as  stopcock  B.  It  is  then  filled  with 
nitrogen,  again  evacuated,  and  again  filled  with  nitrogen.  The  capsules 
of  developer  are  then  dropped  into  the  water  and  quickly  shaken  until 
the  contents  are  dissolved.  Suction  is  again  applied,  and  the  nitrogen 
dissolved  in  the  water  during  the  solution  of  the  developer  is  mostly  re- 
moved. Nitrogen  is  once  more  admitted,  and  the  whole  apparatus 
evacuated.  By  tipping  the  apparatus,  about  3  cc.  of  developer  are  al- 
lowed to  flow  into  the  electrode  cell  A.  R  is  now  closed  and  the  developer 
shaken  around  in  A  to  rinse  it  out.  Suction  is  now  applied  at  C,  drawing 
out  the  air  up  to  the  stopcock  B.  A  little  nitrogen  is  admitted  at  J,  and  R 
is  opened.  On  now  opening  B,  the  developer  in  A  is  drawn  out  and  the 
cell  rinsed.  B  is  then  closed,  and  another  portion  of  3  cc.  allowed  to 
flow  over  and  drawn  out  by  way  of  C  as  before.  The  greatest  possible 
degree  of  suction  is  now  applied  at  C,  and  B  is  closed.  The  cell  is  now 
filled  to  a  point  about  2  cm.  beyond  the  stopcock  B,  leaving  a  space  of 
about  a  centimeter  above  the  developer  in  the  cell,  so  that  the  Hquid  will 
not  be  too  close  to  the  point  where  the  glass  is  to  be  sealed  together. 
This  part  of  the  operation  is  sometimes  troublesome,  but  by  tapping  the 
tube  and  applying  suction  at  either  J  or  C,  as  required,  the  liquid  can  be 
adjusted  exactly  as  desired.  R  is  now  closed  and  nitrogen  admitted  to 
tube  T  through  J.  The  cell  is  now  sealed  off  at  D,  and  nitrogen  admitted 
to  the  tube  C.  After  the  glass  has  cooled,  the  stopcock  B  is  opened  and 
the  space  above  the  developer  is  practically  completely  filled.  The  outer 
part  of  the  electrode,  between  B,  C  and  C,  is  not  filled  until  after  the  next 
cell  has  been  sealed  on  the  apparatus  and  fiUed.  As  soon  as  the  first  cell 
has  been  sealed  off,  another  is  sealed  on  in  its  place,  without  in  any  way 
disturbing  the  content  of  tube  T.  The  second  cell  is  evacuated  and  filled 
with  nitrogen  twice  through  C,  R  is  opened,  the  whole  apparatus  evacua- 
ted through  C,  and  this  cell  rinsed  and  filled  just  as  the  first  one  was. 
After  sealing  this  cell  off,  the  remainder  of  the  developer  is  poured  out 
of  the  tube  T  and  used  to  fill  the  tubes  CC  of  the  two  cells.  The  tube  C 
is  then  plugged  with  filter  paper,  C  closed  with  rubber  tubing  and  a 
glass  plug,  and  the  cells  placed  in  the  rack  ready  for  measurements.  The 
mixing  apparatus  can  be  used  as  often  as  desired,  by  sealing  on  new 
electrode  cells. 


2258  FRANCIS  C.  FRARY  AND  AI>OU*H  H.  NIBTZ* 

With  the  use  of  the  apparatus  just  described,  seventeen  electrode 
cells  were  filled  for  the  investigation  of  eight  different  developers^  Of 
these,  only  two  cells  containing  amidol,  and  one  containing  hydrochmon 
with  tetrathiourea  ammonium  bromide,  appear  to  have  come  to  equilib- 
rium, although  all  have  stood  more  than  two  and  a  half  months.  The 
amidol  developer  contained  100  g.  sodium  sulfite  and  20  g.  amidol  dissolved 
in  1000  cc.  water.  The  hydrochinon  developer  with  thiourea  was  made 
according  to  the  formula  recommended^  for  the  direct  production  of  posi- 
tives in  the  camera,  and  contained,  dissolved  in  1000  cc.  water,  63  g. 
sodium  sulfite,  126  g.  sodium  carbonate,  10.5  g.  hydrochinon,  and  0.5  g. 
tetrathiourea  ammonium  bromide. 

At  the  end  of  a  week,  the  amidol  developer  reached  a  point  where  it 
appeared  to  be  in  equiUbrium,  and  both  cells  have,  in  fact,  remained 
at  about  that  value  since.  The  average  of  ten  readings  from  the  two  cells, 
extending  over  a  month,  is  +0.063  volt,  the  extreme  readings  being 
+0.057  *"id  +0.067  v<dt.  One  of  the  two  cells  containing  the  thiourea 
developer  was  found  to  have  cracked  where  it  was  sealed  off,  and  did  not 
come  to  any  equilibrium.  The  other  reached  the  value  — 0.255  volt 
after  eight  days,  maintaining  this  for  a  week  (readings  — 0.255, — 0.251, 
— o.  253,  — o.  260).  When  it  was  again  read,  three  days  later,  it  appeared 
to  have  approached  a  new  equilibrium  in  the  neighborhood  of  — 0.150 
volt.  This  was  weU  maintained,  as  the  readings  over  a  period  of  six 
weeks  show. 


.148,  —0.157,  —0.162,  -—0.125,  —0.144, 

— 0.120,  —0.148,  — 0.154,  —0.154. 

It  is  well  known  that  thiourea  compounds  are  not  very  stable  in  alka- 
line solution;  and  it  is  not  surprising,  when  we  consider  that  the  whole 
electrode  cell  contained  only  about  0.002  g.  of  this  substance,  that  its 
action,  while  vigorous,  was  not  prolonged;  and  that  at  the  end  of  two 
weeks  it  appears  to  have  been  all  decomposed.  After  this  time  the  cell 
seems  to  have  come  to  an  equilibrium  corresponding  to  the  hydrochinon 
remaining.  The  average  value  for  the  equilibrium  when  thiourea  was 
present  is  — 0.254  volt;  at  the  second  stage,  neglecting  two  values  which 
are  obviously  irregularities,  the  average  is  — o.  152.  The  average  for  the 
Seed  metol-hydrochinon  developer  previously  determined  (not  made  up 
in  vacuo,  page  2238)  was  — 0.149  volt.  This  is  the  average  of  19 
readings  from  four  cells,  some  of  them  covering  a  period  of  eighty 
days. 

These  two  values  for  hydrochinon  and  metol-hydrochinon  developers, 
respectively,  are  a  good  illustration  of  the  fallacy  of  the  direct  comparison 
of  single  potentials.     One  would  say  from  the  single  potentials  that  the 

^  Frary,  Mitchell  and  Baker,  Proc,  8th  Intern,  Congr.  AppL  Chem.^  20,  141. 
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reducing  powers  of  these  developers  were  identical,  although  every  pho- 
tographer who  has  tried  them  knows  that  the  metol-hydrochinon  is  much 
more  rapid  and  apparently  more  vigorous  in  its  action.  By  taking  the 
hydrogen  potentials  and  calculating  the  actual  partial  pressure  of  hydro- 
gen, to  which  the  developer  is  equivalent,  as  previously  explained,  we  ar- 
rive at  the  relative  reducing  power  of  2.7  :  i  (see  Table  I),  which  is  photo- 
graphically reasonable. 

Mathews  and  Barmeier^  stated  that  the  potential  did  not  change  when 
the  developer  was  made  up  from  oxygen-free  water  in  a  vacuum.  If 
this  were  true,  it  would  upset  all  our  theories,  and  leave  us  entirely  in  the 
dark  as  to  the  cause  and  nature  of  the  single  potentials  observed.  The 
procediu^  required  for  the  use  of  the  apparatus  for  sealing  oflF  the  developer 
in  an  atmosphere  free  from  oxygen,  though  slow  and  laborious,  was  adopted 
in  order  to  be  absolutely  certain  to  exclude  oxidation  effects.  In  each  of 
the  seventeen  electrodes  sealed  off  in  this  way  the  potentials  dropped, 
the  curves  being  similar  to  those  obtained  in  *the  presence  of  air.  We 
are  unable  to  accoimt  for  the  results  claimed  to  have  been  obtained  by 
Mathews  and  Barmeier.  It  will  be  seen  that  the  oiygen  in  the  water 
can  not  be  the*  cause  of  the  change  in  the  electrode  potential,  while  the 
theory  of  the  production  of  hydrogen  throughout  the  solution  and  its  slow 
diffusion  toward  the  electrode,  and  the  presence  of  a  reaction  resistance 
depending  on  the  nature  of  the  reducing  agent  seem  adequate  to  explain 
the  changes  observed. 

In  order  to  convert  the  values  obtained  for  the  single  potentials  of  the 
developers  into  actual  pressures  of  hydrogen,  and  so  get  a  definite  measure 
of  the  reducing  power  of  these  developers,  it  is  necessary  to  determine 
the  potential  (Eh.)  which  a  platinized  electrode  sattu-ated  with  hydrogen 
at  atmospheric  pressure  will  assume  in  the  same  solutions. 

For  all  work  on  hydrogen  potentials  in  this  and  the  three  following 
papers  the  form  of  apparatus  shown  in  Fig.  7  was  employed.  This 
gives  an  electrode  of  simple  construction  and  one  with  which  reliable  re- 
sults to  an  acctu"acy  of  o.oooi  volt  can  be  obtained.  The  hydrogen  elec- 
trode has  been  thoroughly  discussed  by  Loomis  and  Acree,'  and  a  very 
extensive  bibliography  of  the  subject  given.'  It  was  oiu*  experience  that 
no  form  of  electrode  cell  was  reliable  in  which  rubber  stoppers  were  used, 
especially  if  the  current  of  hydrogen  stopped.  By  the  use  of  the  appara- 
tus shown  in  the  figure  it  is  very  often  possible  to  maintain,  at  a  constant 
temperatm-e,  a  potential  constant  to  0.0001  volt  with  the  hydrogen  turned 
off,  provided  equilibrium  has  been  previously  reached. 

^  Mathews  and  Barmeier,  Proc.  8th  Intern.  Congr.  Appl,  Chem.,  ao,  201. 
*  Am.  Chem.  J.,  46,  585  (191 1). 
'iWd.,  46,  635  (191 1). 
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A  is  the  main  electrode  chamber,  and  £  is  the  electrode  of  platinized 
platinum,  having  a  short  piece  of  platinum  wire  extending  down  fion 
it  as  shown.  The  hydrogen  enters  at  H  and  bubbles  up  through  the  soln- 
tion  to  be  investigated  at  T).  The  gas  was  made  from  c.  p.  sulfuric  add 
and  arsenic-free  zinc,  and  purified  by  passing  through  two  small  glasi 
wash  bottles  containing  acid  potassium  permanganate  and  a  third  fla: 
containing  a  solution  similar  to  that  in  the  electrode  cell  itself.  The  gi 
leaves  the  apparatus  through  the  trap  K,  which  contains  mercury,  U 
height  of  which  din  be  regulated  by  the  reservoir  M  and  pinchcock  1 


3/y 


^1 


Fig.  7. — Hydrogen  electrode. 

■  The  meniscus  is  so  adjusted  at  the  angle  K  that  the  gas  pushes  th< 
cury  aside  when  under  slight  pressure,  so  the  gas  can  escape  but 
can  enter.  Connection  with  the  intermediate  liquid  is  made  throuj 
tube  CC  as  in  previous  cases.  The  height  of  the  liquid  should  be 
that  indicated  by  the  dotted  line.  It  was  found  that  equilibriui 
reached  more  quickly  if  the  electrode  was  shaken  thoroughly  vril 
solution  before  use,  so  as  to  be  sure  that  the  liquid  had  penetrati 
pores  of  the  platinum  black.  When  the  electrode  was  in  good  con< 
the  time  required  to  reach  requilibrium  with  a  developer  varied 
four  to  fifteen  minutes.     As  soon  as  one  determination   was   com 
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the  cell  was  washed  with  hot  water,  filled  with  dilute  sulfuric  acid  (i  :  20) 
and  allowed  to  stand  in  this  condition  until  again  needed.  The  use  of 
this  add  assisted  greatly*  in  keeping  the  electrode  in  good  condition  and 
reduced  the  time  required  to  reach  equiUbrium. 

The  temperature  has  a  great  influence  on  the  hydrogen  potential. 
This  was  controlled  in  our  work  by  immersing  the  electrode  cell  in  a  beaker 
of  water  kept  at  25°.  The  calomel  electrode  was  also  kept  immersed  in 
a  water  bath,  so  that  its  actual  temperature  could  be  readily  determined 
and  the  appropriate  correction  made.  The  correction  for  barometric 
pressure  was  so  small  as  to  make  it  unnecessary  to  consider  it.. 

In  applying  the  hydrogen  electrode  to  the  problem  of  the  reducing 
power  of  the  developer,  it  is  to  be  noted  that  the  accuracy  of  the  final  re- 
sult is  no  greater  than  that  to  which  the  single  potential  (E,)  of  the  de- 
veloper can  be  determined.  Since  this  can  hardly  be  determined  within 
less  than  a  millivolt,  a  hydrogen  potential  of  the  same  accuracy  is  suffi- 
cient. No  difficulty  was  fotmd  in  obtaining  such  acciu-acy,  either  with 
duplicate  determinations  from  the  same  lot  of  solution,  or  with  different 
lots  made  up  from  the  same  formula. 

The  hydrogen  potential  of  the  Seed  metol-hydrochinon  developer  was 
determined  at  23.5°,  but  its  temperature  coefficient  was  studied  and 
found  to  be  — 0.0004  volt  per  degree.  The  value  obtained  at  23.5°  was 
— 0.3096  volt,  which  gives  — 0.3102  volt  at  25°.  Determination  of  the 
value  of  Eh»  for  the  amidol  developer  gave  — o .  03 1  volt  and  for  the  hydro- 
chinon  developer  containing  the  thiourea  salt  — 0.338  volt  at  25**. 

As  previously  shown  (p.  2233),  we  can  calculate  the  pressure  of  the 
hydrogen  produced  by  the  developer  in  equilibrium  with  the  platinum 
electrode  at  25  ^  from  the  formula :  , 

E  =  0.05909  log  i/C, 

where  E  =  Em  —  E,.    The  results  for  the  developers   which   came   to 
equilibrium  are  shown  in  Table  I. 

Tabls  I. — ^RuDUciNG  Power  op  Devblopbrs. 

Developer.  EHi-  B«-  B.  C  (Atm.).  F. 

Hydrochinon — 0.338  — 0.152  0.186  0.000712  i.o 

Mctol-hydrochinon — 0.310  — 0.149  0.161  0.00188  2.7 

Amidol — 0.031  +0.063  0.094  0.0257  36.0 

Thiourea — 0.338  — 0.254  0.084  0.0379  533 


Under  Column  F  are  arranged  numbers  showing  the  relative  reducing 
powers  of  the  different  developers,  taking  hydrochinon  as  unity.  As 
previously  stated,  the  values  for  thiourea  and  hydrochinon  depend  on 
only  one  cell,  and  may  therefore  be  somewhat  in  error,  but  we  feel  that 
the  absolute  values  for  the  amidol  and  metol  developers  of  the  formula 
given  are  quite  well  established. 


I 
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For  comparison  with  the  above,  the  results  obtained  by  Sheppard  and 
Mees^  are  of  interest.  Recalculating  them  to  a  basis  of  hydrochinon  » 
i.o,  their  results  show  the  relative  reducing  power  of  ferrous  oxalate 
to  be  1.6;  that  of  hydroxylamine,  2.0;  and  that  of  j>-aminophenol,  5.4. 
Their  hydrochinon  developer  was  made  up  with  more  than  two  mole- 
cules of  sodium  hydroxide  to  a  molecule  of  hydrochinon,  in  order  to 
have  present  the  di-quinolate,  which  their  work  showed  to  have  a  greater 
reducing  power  than  the  mono-quinolate.  As  our  results  above  are  for 
a  hydrochihon  developer  made  up  with  carbonate,  in  which  we  have 
been  able  to  show  that  the  anion  present  is  probably  mono-quinolate, 
the  value  hydrochinon  =  i.o  in  our  table  probably  represents  a  con- 
siderably smaller  absolute  reducing  power  than  the  same  value  in  their 
results. 

Photographically,  it  is  well  known  that  metol-hydrochinon  is  a  much 
more  rapid  and  powerful  developer  than  hydrochinon  alone.  It  is  also 
known  that  the  addition  of  thiourea  compounds  increases  the  reducing 
power  of  the  developer  to  the  point  where  it  is  capable  of  reducing  un- 
exposed silver  bromide  if  a  sufficient  amount  of  alkali  be  present.  With 
less  alkali,  little  or  none  of  the  unexposed  silver  bromide  is  attacked, 
indicating  that  the  reducing  power  of  this  developer  is  not  so  very  far 
beyond  the  limits  of  ordinary  developers.  The  figure  53 . 3  for  the  rela- 
tive reducing  power  of  the  thiotu-ea  developer,  as  compared  with  hydro- 
chinon, does  not  seem  unreasonable.  Amidol,  thirty-six  times  as  power- 
ful a  reducing  agent  as  hydrochinon,  is  surprising,  but  not  unreasonable 
photographically.  It  is  well  known  that  amidol  is  the  only  developer 
conmionly  used  without  alkali,  that  it  brings  up  the  image  very  quickly, 
and  is  very  difficult  to  restrain  with  bromide.  In  the  absence  of  alkali 
the  gelatin  must  oflFer  much  more  resistance  to  the  development  of  the 
silver  halide  than  it  does  with  ordinary  developers.  Chemically,  amidol 
would  be  expected  to  be  more  powerful  than  /?-aminophenol,  investigated 
by  Sheppard  and  Mees,  as  it  is  a  di-phenol  and  therefore  much  more  sub- 
ject to  oxidation.  When  we  note  that  amidol  is  only  13  times  as  power- 
ful as  metol-hydrochinon,  and  probably ^only  three  or  four  times  as  power- 
ful as  />-aminophenol  (allowing  for  the  difference  in  reducing  power  be- 
tween our  hydrochinon  developer  and  that  of  Sheppard  and  Mees)  and 
that  both  of  the  former  require  the  use  of  alkalies  in  development,  the 
figures  above  seem  still  more  reasonable. 

Summary  and  Conclusions. 

I.  The  fundamental  theory  of  the  single  potential  of  a  developer  and 

the  conditions  which  retard  the  attainment  of  the  equilibrium  in  its 

measm-ement  have  been  discussed  and  illustrated. 

^  Sheppard  and  Mees,  "Investigations  of  the  Theory  of  the  Photographic  Process/' 
pp.  188-196  (Longmans,  Green  &  Co.). 
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'  2.  The  calculation  of  the  partial  pressure  of  hydrogen,  to  which  the  de- 
veloper is  equivalent,  seems  to  be  the  only  way  in  which  the  absolute  or 
relative  reducing  power  of  developers  can  be  directly  meastu'ed. 

3.  The  results  obtained  by  the  employment  of  this  method  seem  to  be 
photographically  reasonable. 

ScHooi,  09  Cbbmxstst. 
UNivssanry  or  MnmsaoTA. 
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THE  HTDROGEN  POTENTIALS  OF  SODIUM  HYDROXIDE  SOLU- 
TIONS AND  THE  DISSOCIATION  CONSTANT  OF  WATER. 

By  Pkancis  C.  Frasy  and  Adolph  H.  Nzstz. 
Received  July  28,  1915. 

In  connection  with  our  work  on  the  single  potentials  of  developers,  we 
noticed  that  the  hydrogen  potential  (EhJ  of  a  solution  containing  sodium 
carbonate  and  sulfite  would  change  as  much  as  thirty  millivolts  on  adding 
the  proper  amount  of  hydrochinon  to  make  a  satisfactory  developer. 
The  change  was  in  such  a  direction  as  to  indicate  that  the  hydrochinon 
combined  with  the  sodium  carbonate,  forming  a  sodium  salt  and  sodium 
bicarbonate,  thereby  decreasing  the  hydroxyl-ion  concentration  of  the 
solution.  It  seemed  that  electrometric  measurements  of  this  nature 
might  give  us  some  very  useful  information  about  the  reactions  taking 
place  when  a  developer  is  mixed,  but  in  order  to  interpret  such  measure- 
ments we  needed  certain  data  not  accessible  in  the  literature. 

It  is  evident  that  the  mechanism  of  this  reaction  involves  the  hydrolysis 
of  sodium  carbonate  and  the  reaction  between  the  sodium  hydroxide  thus 
formed  and  the  hydrochinon.  As  the  sodium  hydroxide  is  consumed, 
the  hydrolysis  must  continue  until  the  product  of  the  bicarbonate  con- 
centration by  the  hydroxide  concentration,  divided  by  the  concentration 
of  the  carbonate,  reaches  the  value  characteristic  of  the  equilibrium  at 
that  temperature  and  dilution.  In  order  to  be  able  to  determine  the  ex- 
tent of  the  reaction,  it  is  necessary  to  know  both  the  hydrolysis  constant 
of  sodium  carbonate  and  the  hydrogen  potentials  corresponding  to  the 
various  concentrations  of  sodium  hydroxide.  Since  these  were  the  funda- 
mental quantities  involved  in  the  reaction  under  consideration,  it  appeared 
very  desirable,  in  order  to  eliminate  any  errors  inherent  in  the  electro- 
metric  method,  to  use  this  method  in  their  determination.  As  the  hydro- 
gen-ion concentration  is  the  quantity  directly  susceptible  of  measurement 
by  the  electrometric  method,  it  is  first  necessary  to  be  able  to  transform 
a  measurement  of  the  hydrogen  potential  of  the  solution  into  terms  of 
the  concentration  of  sodium  hydroxide. 

A  few  measurements  of  the  hydrogen  potentials  of  sodium  hydroxide 
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solutions  have  been  made  by  Lorenz  and  Mohn,^  but  their  values  do  not 
cover  a  sufficient  range  for  our  piupose,  and  nothing  is  stated  as  to  the 
purity  of  their  sodium  hydroxide.  Since  a  very  small  quantity  of  carbon 
dioxide  can  have  a  large  effect  in  very  weak  sodium  hydroxide  solutioos, 
we  decided  to  repeat  their  work  and  extend  it  over  a  somewhat  wider 
range. 

A  quantity  of  sodium  amalgam  was  prepared  by  electrol3rsis  of  a  strong 
solution  of  c.  p.  sodium  carbonate,  with  a  cathode  of  purified  mercury. 
This  amalgam  was  thoroughly  washed  with  distilled  water  and  then  witk 
conductivity  water,  and  finally  decomposed  by  treatment  with  conduc- 
tivity water  in  the  presence  of  platinum,  in  an  aged  Jena  glass  flask* 
Special  precautions  were  always  taken  in  the  handling  of  this  solution  to 
avoid  contamination  by  carbon  dioxide.    This  solution,  after  preliminaiy 
titration  and  dilution,  was  st^dardized  gravimetrically  by  evaporatioa 
in  platinum  with  an  excess  of  hydrochloric  acid,  and  ignition  of  the  re- 
sulting salt.    The  dilute  solutions,  made  from  this  one  by  the  additioa 
of  conductivity  water,  were  all  standardized  in  this  way.    All  solutiooc 
were  carefully  preserved  in  Jena  glass  flasks  which  had  been  thoroughly 
aged  by  steam   and   the  determinations  were  made  as  soon  as  possibly 
after  mixing,  to  avoid  contamination  by  the  glass. 

The  hydrogen  electrode  described  in  the  previous  paper  (p.  2244)  ^^^sj 
used,  and  all  determinations  were  made  at  25^.    The  results  in  Talde  I 
are  each  the  mean  of  a  number  of  concordant  measurements,  using  a  nor* 
mal  calomel  electrode  and  a  saturated  solution  of  potassium   chloridi 
as  the  intermediate  liquid. 

Tabi<k  I. — ^Hydroghn  Potentials  of  Pure  SoDnm  HYDROxms  Soumona. 

m 

Ehs  is  the  observed  potential  referred  to  the  normal  calomel  electrode  as  +0.560  + 
0.0006  (/  —  18),  £a  is  the  same  potential  on  the  hydrogen  scale. 

Sodium  hydroxide  cone. 


Mols  per  liter. 

Liters  per  mol. 

BHt* 

Bib. 

1. 000 

X.O 

—0.525 

— o.8<>7 

0.507 

1.97 

— 0.506 

—0.788 

0.2039 

4.91 

—0.484 

-0.766 

0.102 

9.8 

—0.470 

—0.752 

0.01057 

94.6 

—0.413 

—0.695 

0.00078 

1282.0 

—0.344 

—0.626 

In  all  cases  the  potentials  listed  are  on  the  basis  of  the  potential  of  the 
electrode  minus  the  potential  of  the  solution.  In  order  to  convert  E^ 
into  the  values  for  E*,  it  is  necessary,  according  to  the  work  of  Loomi 
and  Acree,*  to  add  — o. 282  volt,  and  the  resulting  values  are  listed  under 
E*  in  the  table.    Since  the  basis  of  the  hydrogen  scale  is  the  hydrogen 

*  Z.  physik.  Chem.,  60,  422  (1907). 

*  Am.  Chem.  J.,  46,  634  (191 1). 
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potential  of  a  solution  which  is  normal  in  respect  to  the  hydrogen  ion, 
Ejk  represents  in  each  case  the  e.  m.  f .  between  a  hydrogen  electrode  in  a 
solution  of  normal  hydrogen-ion  concentration  and  a  hydrogen  electrode 
in  the  given  solution. 

It  is  evident  that  from  these  results  we  may  calculate  directly  the  hydro- 
gen-ion concentration  in  the  sodium  hydroxide  solutions  by  means  of  the 
formula 

E*  =  0.05909  log  i/c', 

where  c'  represents  the  hydrogen-ion  concentration  in  the  sodium  hy- 
droxide solution  at  25  °. 

In  order  to  convert  these  values  into  the  corresponding  concentrations 
of  the  hydroxyl  ion,  it  is  only  necessary  to  know  the  dissociation  constant 
of  water.  It  is  obvious  that  this  constant  will  be  involved  in  every  mea- 
surement of  the  hydrolysis  of  sodium  carbonate,  and  in  all  other  measure- 
ments of  the  alkalinity  of  a  solution.  The  hydroxyl-ion  concentration 
of  any  pure  sodium  hydroxide  solution  can  easily  be  determined  from  its 
degree  of  dissociation  as  indicated  by  conductivity  measurements,  which 
have  been  very  acciffately  made  by  various  authors.  To  determine 
k^  the  dissociation  constant  of  water,  it  is  only  necessary  to  substitute 
in  the  above  equation  the  value  of  c'  =  ^^/[OH],  giving  us 

Uk  =  0.05909  log  [OH-]/*„. 

The  conductivity  data  used  for  the  calculation  of  the  dissociation  of 
the  sodium  hydroxide,  with  their  sources,  are  shown  in  Table  II. 

Table  II. — Conductivity  of  Sodium  Hydroxide  Solutions  at  i8**. 

t  Oiters  per  v  (liters  per 

fram-equivaleiit).  X^at  18.   Determined  by    gram-equivalent).   X^atlS.      Determined  by 


I 

157.0 

Foster^ 

200 

203 

Kohlratisch* 

2 

174. 1 

Foster* 

500 

204.5 

Foster 

10 

195.4 

Foster* 

1000 

208 

Kohkausch 

50 

197 

Kohlrausch* 

5 

210* 

Goldsmith  and  Larsen' 

100 

200 

Kohlrausch* 

Arrhenius*  gives  the  temperature  coeflSdents  of  the  conductivity  of 
sodium  hydroxide  for  temperattu-es  between  18®  and  40°  as  0.0202  for 
V  =  2  and  V  =  10,  and  0.0213  for  v  =  100.  No  more  complete  data 
on  temperature  coeflScients  has  been  found,  and  most  of  the  work  on  the 
conductivity  of  sodium  hydroxide  appears  to  have  been  done  at  18**. 
We  have  therefore  calculated  the  conductivity  and  degree  of  ionization 
from  the  above  values.    The  results  so  obtained  are  undoubtedly  a  very 

*  Phys.  Rev.,  8,  257  (1899).  • 

'  Kohlrausch  and  Holboni,  "Lcitvemiogen  der  Elektrolyte,"  p.  160. 

»At25^ 

*Z.  physik.  Chem.,  71,  453  (1910). 

*/Wrf..  9>339  (1892). 
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close  approximation,  and  when  the  dissociation  is  plotted  as  a  ftinctkn 
of  the  dilution  a  smooth  curve  is  obtained. 

Recent  determinations  of  the  conductivity  of  the  ions  give,  for  25^ 
Na+  =  50.5,  OH"  =  196,  from  which  the  equivalent  conductivity  of  sodium 
hydroxide  at  infinite  dilution  is  246.5.  Table  III  shows  the  ionizatioa 
as  calculated  from  the  figures  in  Table  II;  the  temperature  coeffideots 
c  and  the  value  for  Xqo   =  246.5. 

Tabls  III. — Ionization  of  Sodium  Hydroxide  at  25*. 


V. 

^v  at  IS*". 

«. 

X,  at  25». 

«  *■ 

XvA« 

I 

157.0 

0 

.0202 

179 

,2 

0 

.727 

2 

174- 1 

0 

.0202 

198 

1 

0 

.806 

5 
10 

210 

3 
0 

0 

853 
.905 

195.4 

0 

'    •    •    •  ^ 

.0202 

223 

0 

100 

200 

0 

.0213 

230 

0 

0 

.933 

200 

203 

0 

.0215 

233 

.6 

0 

.94» 

500 

204.5 

0 

.0215 

235 

3 

0 

.955 

1000 

208 

0 

.0215 

239 

3 

0 

.971 

a  represents  the  fraction  ionized.  These  results  were  carefully  plotted 
on  a  large  scale,  so  that  interpolation  from  the  curve  would  be  as  dose 
as  the  above  values  would  warrant.  We  assume  complete  ionization  at 
V  =  2000.    The  curve  also  indicates  this. 

Appl3dng  the  above  data  to  otu*  determinations  of  the  hydrog^en  poten- 
tials, we  obtain  the  results  shown  in  Table  IV. 

Tablb  IV. 

Ionization  constant  of  water  in  the  presence  of  sodium  hydroxide,  and  the  hydiugea 
potentials  corresponding  to  various  hydroxyl-ion  concentrations  in  sodium  hydroxidf 
solutions.     Concentrations  in  gram-molecules  or  gram-ions  per  liter. 


NaOH. 

a. 

OH. 

Ha. 

ik«  X  lOM 

1. 000 

0.727 

0.727 

— 0.807 

1.60 

0.507 

0.803 

0.408 

-0.788 

1.88 

0.2039 

0.852 

0.1737 

-0.766 

X-89 

0.102 

0.9025 

0.0920 

—0.752 

x-73 

0.01057 

0.933 

0.00986 

-0.695 

1. 71 

0.00078 

0.983 

0.0007667 

—0.626 

1-95 

We  feel  justified  in  omitting  the  last  value  from  the  average  for  jfe^  on 
account  of  the  difficulty  of  making  accurate  determinations  in  such  dilute 
solutions,  and  the  relative  size  of  the  error  introduced  by  a  small  unavoid- 
able absorption  pf  carbon  dioxide.  The  average  of  the  first  five  values 
gives  ky,  =  1 .76  X  io~^*  at  25®. 

Considerable  work  has  been  done  on  the  dissociation  of  water,  both  bv 
conductivity  methods,  methods  depending  on  hydrolysis  of  complex 
salts,  and  by  measurement  of  potentials  in  the  acid-alkali  cell.  Ostwald^ 
made  use  of  the  acid-alkali  cell  as  early  as  i893«  but  his  results  have  since 

*  Z.  pkysik.  Chem.,  11,  521  (1893). 
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present,  we  need  to  know  the  extent  to  which  it  is  dissociated  in  the  pircs- 
ence  of  the  sodium  carbonate.     It  seems  to  be  well  established^  that  in  a 
solution  containing  two  salts  having  a  common  ion,  each  is  dissociated 
to  the  same  extent  that  it  would  be  in  a  solution  having  the  samie  coa- 
^centration  of  the  common  ion.     In  this  case  the  concentration  of  the  com- 
mon ion  (sodium)  is  fixed  by  the  dissociation  of  the  sodium  carboiiatc 
Prom  the  data  of  Kohlrausch,^  and  Jones  and  West,'  we  constructed  a 
curve  from  which  the  dissociation  of  sodiiun  carbonate  at  any  concentia* 
tion  could  be  determined  by  inspection,  and  have  used  the  values  of  the 
sodium  ion  thus  obtained  in  correcting  for  the  repression  of  the  ioniza- 
tion  of  the  sodium  hydroxide. 

The  carbonate  used  was  prepared  by  heating  a  sample  of  c.  p.  sodium 
bicarbonate  for  ah  hom*  at  300^  in  an  electric  oven.  From  this  a  twice 
molar  solution  was  made  and  diluted  with  conductivity  water  to  the  cott* 
centrations  desired.  It  was  fotmd  that  if  ordinary  distilled  water  waa 
used,  especially  for  the  more  dilute  solutions,  irregular  and  false  results 
were  obtained,  apparently  on  account  of  its  carbon  dioxide  content.  The 
hydrogen  electrodes  described  in  our  paper  on  the  single  potentials  of 
developers  were  used  in  this  work,  the  temperature  being  maintained  at 
25°  by  immersion  in  water,  and  other  precautions  taken  as  previously 
mentioned  in  the  paper  referred  to. 

The  results  are  shown  in  Table  I.  To  determine  the  corrected  sodium 
hydroxide  concentration  from  the  observed  hydrogen  potential  on  the 
hydrogen  scale  (E*),  the  first  step  is  to  determine,  from  the  curve 
scribed  in  our  previous  paper,  the  concentration  of  ptue  sodium  hydrozi* 
which  would  give  this  potential.  Prom  the  curve  showing  the  dissoct 
tion  of  sodium  hydroxide  we  determine  a  at  this  concentration,  and 
multiplying  this  value  by  the  concentration,  obtain  the  concentration  dL 
the  hydroxyl  ion  in  the  solution  measured.  Prom  the  curve  showing  the 
dissociation  of  sodium  carbonate  we  determine  a  and  the  total  concentra- 
tion of  sodium  ion  in  the  solution.  Prom  the  curve  showing  the  dissocia- 
tion of  sodium  hydroxide,  we  now  find  by  trial  the  concentration  of  pure 
sodium  hydroxide  which  would  ftunish  the  same  concentration  <A  the 
sodium  ion,  and  record  a,  the  degree  of  dissociation  at  that  concentra- 
tion. As  previously  explained,  this  is  the  degree  of  dissociation  of  the 
sodium  hydroxide  present  in  the  sodium  carbonate  solution,  and  by  divid- 
ing the  concentration  of  the  hydroxyl  ion  by  this  figure  we  obtain  the 
corrected  sodium  hydroxide  concentration.  K  is  then  equal  to  the  square 
of  this  concentration  divided  by  the  difference  between  this  and  the  ^vigiital 

*  Bray  aad  Hunt,  This  Journal,  33,  681  (191 1);  Arrhcnius,  Z.  pkysik.  Chem,,  x, 

184  (1887), -311  204  (1899). 

*  Landolt-Bdmstein  Tabellen,  4th  ed.,  p.  11 24. 
» 4m.  Chem.  /.,  34,  357  (1905). 
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concentration  of  sodium  carbonate,   since  obviously  the  concentratioo 

of  the  bicarbonate  is  the  same  as  that  of  the  hydroxide,  while  the  fioil 

carbonate  concentration  is  the  original  concentration  minus  the  portiat 

hydrol5rzed. 

By  recalculating  the  results  of  Auerbach  and  Pick,  according  to  the 

above-described  method,  for  K,  we  obtained  Table  II. 

Tablb  II. 

Hydrolysis  of  sodium  carbonate  in  solution  at  25  °,  from  results  of  Auerbach  aad 
Pick.    Concentrations  expressed  in  gram-molecules  and  gram-ions  per  liter. 
Observed  concentrations. 


NatCOi. 

OH- 

Corr.  NaOH  cona 

KX  10». 

0.'2 

0.0034 

0.004 

8.16 

O.I 

0.0029 

0.00326 

II. 0 

0.05 

0.0023 

0.0025 

13-I 

O.OI 

O.OOII3      • 

0.00122 

17.0 

0.005 

0.00080 

O.OQP856 

17.7 

o.ooi 

0.00034 

0.000355 

19.5 

Comparing  the  values  of  K  in  Tables  I  and  II,  for  the  range  common 
both,  it  will  be  noticed  that  the  agreement  is  as  good  as  could  be  expec 
especially  since  Auerbach  and  Pick  used  a  colorimetric  method  dependi: 
on   an   electrometric   determination   of   the   hydroxyl-ion   concentrati 
in  a  series  of  known  solutions  according  to  the  method  of  Sorensen.* 

As  previously  stated,  the  value  of  ki  is  the  limiting  value  for  K,  sin 
it  represents  the  ionic  equilibrium  involved.  It  is  obvious  that  the  \2l 
of  K  should  approach  k^  at  infinite  dilution,  where  the  substances 
cerned  are  completely  dissociated,  but  they  should  not  approach  it 
dilutions  where  the  dissociation  of  any  one  of  the  constituents  is  far  fn 
complete.  Asstuning  the  value  of  1.12  X  lo""^*  for  fe^,  the  dissodati 
constant  of  water  at  25°,  Auerbach  and  Pick  calculate  for  k^  the  val 
19  X  io~^.  By  reference  to  Table  II,  it  will  be  seen  that  the  value 
K  calculated  from  their  work,  which  should  approach  this  value  as  a  limitt 
already  exceeds  it  in  solutions  o.ooi  molar  in  respect  to  sodium  carbonate^ 
where  this  salt  is  only  about  80%  dissociated  and  sodium  hydroxide 
only  96%.  Little  is  known  of  the  dissociation  of  the  bicarbonate,  but 
would  certainly  be  less  than  that  of  the  hydroxide.  According  to 
results  (Table  I),  K  exceeds  19  X  io~^  for  0.005  molar  carbonate 
tion,  where  the  carbonate  is  only  75%  dissociated.  If  we  assume 
the  dissociation  constant  of  water  in  the  presence  of  sodium  hydroxii 
is  1.76  X  lo""^*  at  25°,  as  determined  in  our  previous  paper,  the  val 
of  ki  becomes  28  X  io~*,  which  appears  much  more  reasonable  as  a  limit-j 
ing  value  for  K,  particularly  if  the  values  of  K  at  various  dilutions 
plotted  and  the  slope  of  the  curve  observed.  The  work  of  Auerbadi. 
and  Pick  therefore  confirms  ours  over  part  of  the  range  investigated 
»  Biochem.  Z.,  21,  131  (1909);  22,  352  (1909);  24,  381,  387  (1910). 
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for  the  values  of  K,  and  furnishes  additional  evidence  of  the  trustworthiness 
of  a  higher  value  for  the  dissociation  constant  of  water  in  the  presence 
of  sodium  hydroxide  than  the  one  generally  accepted. 

MzHMSAPOus.  Minn. 
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THE  REACTION  BETWEEN  ALKALIES  AND  METOL  AND 
HYDROCHINON  IN  PHOTOGRAPHIC  DEVELOPERS. 

By  Fkancis  C.  Prary  and  Adolph  H.  Nzbtz. 
Recdved  July  28.  1915. 

In  our  paper  on  the  single  potential  of  developers,  we  have  mentioned 
noticing  that  the  addition  of  hydrochinon  caused  a  change  of  thirty 
millivolts  in  the  hydrogen  potential  of  a  solution  containing  sodium  car- 
bonate and  sodium  sulfite.  As  this  seemed  to  indicate  a  combination 
between  the  alkali  and  the  reducing  agent,  it  appeared  possible  to  use 
these  hydrogen  potentials  as  a  means  of  studying  the  reactions  which 
take  place  when  a  developer  is  mixed/  After  determining  the  hydrogen 
potentials  of  pure  solutions  of  sodium  hydroxide  and  the  hydrolysis 
constant  of  sodium  carbonate,  as  described  in  our  previous  papers,  we 
have  the  necessary  information  upon  which  to  base  our  calculations  of 
the  reactions  involved. 

In  this  study  we  investigated  four  different  hydrochinon  developers, 
seven  solutions  of  sodium  hydroxide  and  hydrochinon,  and  one  solution 
containing  metol  and  sodium  hydroxide.  The  composition  of  the  devel- 
opers is  shown  in  Table  I. 

Tablb  I. — Composition  of  Dbvblopbrs,  Grams  pbr  iooo  Cc.  Watsr. 

DeY.  No.  Hydrochinon.  Sodium  sulfite.  Sodium  carbonate. 

1  II. I  7.8  141. 7 

2  7.0  50.0  150.0 

3  7.0  50.0  75.0 

4  7.0  None  75.0 

The  stilfite  used  was  an  analyzed  anhydrous  article,  and  the  car- 
bonate was  prepared  by  drying  the  last  c.  p.  salt  at  300**.  In 
making  a  determination  the  hydrogen  potential  of  the  solution  con- 
taining all  the  constituents  except  the  metol  and  hydrochinon  was 
&st  found  as  described  in  our  previous  papers.  Then  the  complete 
developer  was  tested  in  the  same  way.  Where  the  solution  contained 
only  sodium  hydroxide  and  hydrochinon  (or  metol),  reference  to  the 
curve  showing  the  hydrogen  potentials  of  solutions  of  ptu-e  sodium  hy- 
droxide gave  us  directly  the  concentration  of  the  sodium  hydroxide  be- 
fo!^  and  after  adding  the  reducing  agent.  From  the  diflFerence  between 
these  two  values  the  amount  of  sodium  hydroxide  used  up  could  be  readily 
calculated. 
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Where  sodium  carbonate  was  present,  reference  to  the  curves  for  the 
hydrogen  potentials  of  sodium  hydroxide  solutions  and  for  their  dissoda 
tion  gives  us  the  hydroxyl-ion  concentration  corresponding  to  the  po- 
tentials observed.  It  is  next  necessary  to  make  corrections  for  the  effect 
of  the  sodium  carbonate  and  sulfite  in  repressing  the  dissociation  of  the 
hydroxide.  Comparison  of  the  data  on  the  dissociation  of  these  tm 
salts  showed  that,  over  the  range  under  consideration,  sodium  sulfite 
was  about  io%  more  dissociated  than  the  carbonate.  The  simpkstj 
way  of  obtaining  the  probable  total  sodiimi-ion  concentration  appeared 
to  be  to  consider  the  sulfite  equivalent  to  io%  more  than  its  own  molarity 
of  the  carbonate,  add  this  quantity  to  the  actual  molarity  of  the  carbonate 
and  from  the  curvt  determine  the  degree  of  dissociation  of  the  carboi 
at  that  dilution,  and  thus  the  total  sodium-ion  concentration.  On 
assumption,  then,  that  in  a  solution  of  two  salts  having  a  common  i 
each  is  dissociated  to  the  same  extent  that  it  would  be  if  it  were  p 
alone  in  a  solution  having  the  same  concentration  of  this  common  i 
the  degree  of  dissociation  of  the  sodium  hydroxide,  as  repressed  by 
carbonate  and  sulfite  present,  can  be  calculated  as  explained  in  the  previ 
paper. 

Having  obtained  the  corrected  concentration  of  the  sodium  hydroxidi 
before  and  after  the  addition  of  the  hydrochinon,  it  is  evident  that  tb^ 
sodium  hydroxide  which  has  been  used  up  by  the  hydrochinon  consists 
of  two  parts:  one  represented  directly  by  the  diflFerence  in  the  concea-; 
trations  of  the  hydroxide  before  and  after  adding  the  hydrochinon,  aiu 
the  other  corresponding  to  the  amount  of  bicarbonate  formed  on  th 
addition  of  the  hydrochinon,  due  to  the  progressive  hydrolysis  as  tJM 
sodium  hydroxide  concentration  decreases.  This  formation  of  the  bi- 
carbonate furnishes  the  greater  portion  of  the  hydroxide  used  up,  and  i 
determined  from  the  constant  for  the  equilibrium 

K  =  [NaOH]   [NaHCOa] 
[NasCOa] 

for  the  given  dilution.  The  values  of  this  constant,  as  determined  iB 
the  previous  paper,  were  plotted  as  functions  of  the  concentration,  and 
formed  a  smooth  curve.  From  this  curve  the  value  of  K  for  any  dflutioo 
can  be  determined  by  inspection.  Substituting  in  this  equation  the  nrt 
concentration  of  the  carbonate  and  the  corrected  concentration  of  the 
sodium  hydroxide  at  any  time,  we  can  find  the  amount  of  sodium  bicar- 
bonate present  in  the  solution.  The  amount  of  hydroxide  used  up  duriflf 
the  hydrolysis  is  evidently  equivalent  to  the  difference  in  the  concentra- 
tions of  the  bicarbonate  before  and  after  adding  the  hydrochinon.  Br 
the  net  carbonate  concentration,  we  understand  the  difference  between 
the  original  concentration  of  carbonate  and  the  amoimt  hydrolyzed. 
By  making  a  preliminary  calculation  from  the  corrected  concentration 
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of  the  sodium  hydroxide,  using  the  figure  for  the  original  concentration 
of  the  carbonate,  the  approximate  amount  (molarity)  of  bicarbonate 
formed  can  be  determined.  Subtracting  this  from  the  original  carb<»iate 
value  gives  a  very  close  approximation  of  the  net  carbonate,  from  wfaidi 
a  final  figure  for  the  bicarbonate  can  usually  be  obtained. 

From  the  total  bicarbonate  formed  during  the  hydrolysis,  plus  the 
direct  loss  of  the  hydroxide  concentration,  the  total  amount  of  sodium 
hydroxide  which  has  combined  with  the  hydrechinon  is  easily  determinedt  \ 
and  can  be  compared  with  the  amount  of  hydrochinon  present. 

We  have  carried  out  this  determination  on  the  four  developers  shows 
in  Table  I,  with  the  results  shown  in  Table  II.  It  will  be  noticed,  that, 
strictly  speaking,  No.  4  is  not  a  developer  since  it  contains  no  sulfite,  ft 
was  included  for  the.  purpose  of  ishowing  more  clearly  the  effect  of  the 
sulfite. 

Since  Sheppard  and  Mees,^  in  their  work  on  hydrochinon  develo] 
used  sodium  hydroxide  instead  of  the  carbonate,  and  found  that  the] 
velocity  of  development  was  a  maximum  when  approximately  ti^o  molf 
cules  of  the  hydroxide  were  present  for  one  molecule  of  hydrochin< 
and  thus  concluded  that  the  active  developing  agent  was  the  anion 
the  diquinolate,^ — we  undertook  a  series  of  measurements  on  mixt 
of  various  proportions  of  hydrochinon  and  sodium  hydroxide,   with< 
sulfite,  in  order  to  determine  whether  under  other  conditions  the 
quinolate  was  formed.    These  results  are  presented  in  Table  III. 

Tabls  III. 

Reaction  between  hydrochinon  and  metol  and  sodium  hydroxide.     Concent 
lions  all  expressed  as  gram-molecules  per  liter.     Determination  below   dotted 
is  metol  and  sodium  hydroxide,  without  hydrochinon. 


Orig.  cone. 
NaOH. 

.    Cone,  hydro- 
chinon added. 

NaOH: 

hydrochinon 

as  mixed. 

Pinal  cone. 
NaOH. 

Loss  of 
cone  NaOH. 

MoJa  NaOH 

comb,  one  ma 

h^droduBoo. 

0.102 

0.0273 

3.74 

0.0432 

0.659 

2.14 

0.0103 

0.00364 

2.83 

0.00278 

0.0075 

3.06 

0.103 

0.0509 

2.02 

0.0144 

0.08^4 

1.73 

0.103 

0.0545 

1.89 

0.01087 

0.0920 

1.72 

0.0103 

0.00636 

1.62 

0.00148 

0.0088 

1.38 

0.0103 

O.OI 

1.03 

0.000495 

0.0098 

0.98 

0.0103 

0.0109 

0.945 

0.00046 

O.OO9S 

0.90 

•    •    • 

■    ■    • 

(Metol) 

«    •    • 

(Metol) 

■    •    • 

•    •    • 

... 
(Metol) 

0.0103 

0.0029 

3.56 

0.0016 

0.0087 

3.00 

It  will  be  noticed  from  this  table  that,  by  varying  the  proportions  of: 
hydrochinon  and  alkali,  either  the  mono-  or  diquinolate  or  mixtures  <i\ 
the  two  can  be  formed,  as  would  be  expected;  and  that  in  both  cases  the 
solution  is  still  alkaline;  even  though,  in  the  last  solution  in  the  tabk 
*  "Investigations  of  ihe  Photographic  Process/'  p.  176. 
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(above  the  dotted  line),  there  is  an  excess  of  hydrochinon  over  the  amount 
required  to  form  the  monoquinolate.  As  would  be  expected,  the  ratio 
of  the  constituents,  the  alkalinity  of  the  final  solution,  and  the  dilution 
seem  to  be  the  factors  which  decide  the  extent  to  which  the  two  substances 
combine;  in  other  words,  there  is  the  expected  tendency  toward  hydrolysis 
of  both  the  mono-  and  diquinolates^  and  the  tendency  of  the  diquinolate 
to  hydroljrze  is  evidently  greater  than  that  of  the  monoquinolate.  The 
last  two  results  are  especially  interesting,  as  it  will  be  noticed  that  the 
alkalinity  of  the  final  solution  is  about  the  same  as  that  found  in  the  car- 
bonate solution  (Developer  No.  4,  Table  II).  The  proportion  of  the 
hydrochinon  combined  with  the  alkali  in  the  two  cases  checks  as  well  as 
could  be  expected,  considering  the  difference  in  the  concentration  of  the 
hydrochinon,  and  bears  out  the  theory  that  in  ordinary  hydrochinon 
developers,  made  up  with  sodium  carbonate,  the  anion  of  the  mono- 
quinolate is  probably  the  principal  developing  agent. 

Another  very  interesting  conclusion  which  can  be  drawn  from  Table 
II  relates  to  the  role  of  the  sulfite.  A  study  of  the  number  of  mols  of 
sodium  hydroxide  consumed  per  mol  of  hydrochinon,  makes  it  appear 
very  probable  that  the  sidfite  combines  with  some  of  the  hydrochinon, 
and  that  the  sulfite  and  hydroxide  divide  the  hydrochinon  between  them, 
according  to  some  definite  law.  It  will  be  noted  that  Developers  3  and 
4  are  the  same,  except  that  the  sulfite  is  omitted  in  No.  4.  In  the  latter, 
apparently  92%  of  the  hydrochinon  has  combined  with  the  alkali  (assuming 
the  formation  of  the  monoquinolate),  and  8%  is  free.  Upon  now  adding 
sulfite  so  that  the  ^concentration  of  the  latter  is  0.40  molar  (Developer 
No.  3),  we  find  that  only  49%  of  the  hydrochinon  remains  combined  with 
the  hydroxide,  although  the  developer  is  now  more  alkaline  than  it  was 
before  adding  the  sulfite  (0.00082  N  in  free  sodium  hydroxide  as  compared 
with  0,00063).  Upon  doubling  the  concentration  of  the  carbonate  (De- 
veloper No.  2)  the  proportion  of  the  hydrochinon  combined  with  the 
alkali  rises  to  81%,  but  does  not  reach  the  value  for  Developer  No.  4, 
where  the  sulfite  is  absent,  although  the  final  alkali  concentration  of  the 
developer  has  nearly  doubled  (0.00112  as  compared  with  0.00063).  ^^' 
veloper  No.  i  has  nearly  twice  the  hydrochinon  concentration  of  the  others, 
about  the  same  carbonate  as  No.  2,  but  only  about  one-sixth  as  much 
sulfite.  The  final  alkalinity  is  the  lowest  of  all,  the  developer  being 
only  0.00033  ^  ^  hydroxyl  ion  and  0.00045  ^  i^  sodium  hydroxide; 
the  larger  proportion  of  the  hydrochinon  increases  the  proportion  of  this 
substance  which  does  not  combine  with  the  hydroxide,  but  which  at  least 
partly  combines  with  the  sulfite.  The  phenomena  are  easily  explained 
upon  the  basis  of  the  following  equations  showing  the  probable  equilibria: 

^   ^  [C<H4(OH)2][NaOH] 

'  [CeH40H0Na] 
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^   ^  [C>H40HONa][NaOH] 

*  [C«H4(0Na),] 

^   _  [CeH4(OH)2][Na»SOa] 

*  [CeH4(OH),.Na2SO,] 

The  formtila  for  the  addition  cox^pound  with  sodium  sulfite  is  not 
known,  but  is  assumed  for  purposes  of  illustration.    Prom  our  result   . 
it  wotdd  appear  that  Kg  is  greater  than  Kz,  and  this  in  ttu-n  much  greater 
than  Ku  which  would  make  the  monoquinolate  the  most  stable  substance 
of  the  three. 

In  connection  with  the  hydrochinon  developer,  a  very  interesting 
observation  was  made  and  is  mentioned  m  our  paper  on  the  single  potentials 
of  developers.  The  hydrogen  potential  of  a  part  of  a  sample  of  Developer 
No.  I  was  taken,  air  was  then  bubbled  through  the  rest  of  the  sample 
for  three  horn's  and  it  was  allowed  to  stand  exposed  to  the  air  for  four 
hours  more.  Upon  taking  the  hydrogen  potential  of  this  oxidized  de* 
veloper  (now  deep  brown  in  color),  it  was  found  to  be  identical  with  the 
original  value.  This  developer  was  then  allowed  to  stand  exposed  to 
the  air  all  night,  and  the  potential  again  taken.  The  value  was  still  the 
same  as  that  of  the  original  fresh  developer.  It  would  appear  then, 
that  the  oxidation  of  such  a  developer,  even  though  carried  as  far  as  it 
could  be,  does  not  change  its  alkalinity,  i.  e,,  does  not  form  any  new 
compounds  of  an  acidic  nattu-e. 

One  experiment  was  made  with  some  of  HaicS's  metol,  and  is  shown 
at  the  bottom  of  Table  III,  separated  from  the  hydrochinon  results  by 
a  dotted  line.  Assuming  the  formula,  HO.C6H4— NHCH8.V2H«S04, 
as  stated  by  Sheppard  and  Mees^  with  a  molecular  weight  of  172,  the 
surprising  restdt  is  obtained  that  three  molecules  of  sodium  hydroxide  . 
can  combine  with  one  molecule  of  metol.  One  of  these  apparently  removes 
the  half  molectde  of  sulfuric  acid,  another  tmites  with  the  OH  group, 
while  the  third  may  have  replaced  the  sulfuric  add  in  its  combination 
with  the  CHfNH — group.  Fixrther  work  of  this  sort  on  developing  agents 
should  produce  much  valuable  information,  and  we  beUeve  that  the  results 
presented  herewith  indicate  a  suitable  method  for  such  work. 

Summary  and  Conclusions. 

1.  It  is  possible  by  electrometric  meastu'ements  to  determine  the 
reactions  between  some  of  the  constituents  of  a  developer,  using  our 
values  for  the  hydrogen  potentials  of  pure  sodium  hydroxide  solutions 
and  for  the  hydrolysis  constant  of  sodium  carbonate. 

2.  Such  studies  indicate  that  sodium  hydroxide  and  hydrochinon 
can  form  either  mono-  or  diquinolates,  according  to  the  conditions. 

3.  It  appears   that  with  sodium  carbonate  and  hydrochinon,  in  the 
^  "Investigations  of  the  Photographic  Process/'  p.  187. 
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coacentrations  usually  used  for  developers,  most  of  the  hydrochinon  would 
unite  with  the  alkaU  to  form  the  monoquinolate  if  the  sulfite  were  not 
present. 

4.  When  sulfite  and  carbonate  are  both  present,  they  appear  to  divide 
the  hydrochinon  between  them. 

5.  Complete  oxidation  of  a  hydrochinon  developer  may  be  accomplished 
without  changing  its  alkalinity. 

6.  One  molecule  of  metol  appears  to  be  capable  of  combining  with 
three  molecules  of  soditun  hydroxide,  in  the  absence  of  a  sulfite. 

MnnrSAroifis.  Mxmr. 
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REACTIONS  m  LIQUID  AMMONIA,    n. 

I.  THE  ACTION  OF  ACID  AMIDBS  ON  THB  AMIDES,  IMIDES  AND  NrTRIDES 
OF  CERTAIN  HEAVY  METALS.    2.  METALLIC  SALTS  OF 

ACID  AMMONO  ESTERS. 

By  Edward  C.  Eranxlin. 
Received  July  8.  1915. 

Introduction. 

Some  years  ago  Franklin  and  Stafford^  found  that  certain  add  amides 
and  potassium  amide  react  with  each  other,  when  dissolved  in  liquid  am- 
monia, in  a  manner  strikingly  similar  to  the  familiar  interaction  of  adds 
and  bases  in  aqueous  solutions. 

Typical  examples  of  such  analogous  reactions  are  represented  by  the 
equations, 

CeHfiCOOH  +  KOH  =  CHjCOOK  +  HjO 

QHsCONHj  +  KNH2  =  CeHftCONHK  +  NH, 

CeHfiCONHj  +  2KNH,  =  QHeCONKa  +  2NH,. 

The  first  equation  represents  the  action  of  an  aquo  acid  on  an  aquo 
base  to  form  an  aquo  salt,  the  second  and  third,  the  action  of  an  am- 
mono  add  on  an  ammono  base  to  form  ammono  salts. 

In  view  of  the  analogies  thus  indicated,  and  of  others  given  in  detail 
elsewhere,*  the  writer  has  long  had  in  mind  attempts  to  prepare  ammono 
salts  of  some  of  the  heavier  metals  by  the  action  of  liquid  ammonia  solu- 
tions of  ammono  adds  on  the  insoluble  amides,  imides  or  nitrides  of  the 
metals.  Such  reactions  are,  of  course,  in  prindple  not  different  from  those 
studied  by  Franklin  and  Stafford  referred  to  above,  but  at  the  same 
time  it  is  interesting  and  important  to  show  that  salts  of  the  heavy  metals 
may  be  prepared  in  this  way. 

The  amide  of  silver,'  the  imides  of  lead^  and  copper*  and  the  nitride  of 

*  Am.  Chem.  /.,  a8,  95  (1902). 
»/Wrf.,47,285  (1912). 

»  This  Journal,  37,  833  (1905). 

*  iWd.,  39,  656  (1907). 
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thallium,^  since  they  may  be  readily  prepared  in  a  piu^  state,  were  chosen 
as  insoluble  bases,  while  acetamide,  benzenesulfonamide  and  /^-toluene- 
sulfonamide — ^the  one  a  very  weak  and  the  other  two  much  stronger  ammono 
acids-^were  the  acids  conveniently  at  hand  for  use  in  the  experiments  to 
be  described.  Mercuric  nitride,  although  easily  prepared*  in  a  state  of 
purity,  was  not  used  for  the  reason  that  merctuic  salts  of  the  add  amides 
are  readily  formed  in  aqueous  solution  and  as  a  consequence  are  already 
known  in  large  number.  That  they  may  be  as  readily  prepared  from  liquid 
ammonia  solutions  is  practically  certain. 

Ammono  Salts  of  Certain  Heavy  Metals. 

The  silver  amide,  cuprous  and  lead  imides  and  thallous  nitride  used  in 
the  experiments  described  below  were  obtained  pure  by  thoroughly  wash- 
ing the  precipitates  formed  by  the  action  of  potassium  amide  upon  liquid 
ammonia  solutions  of  soluble  salts  of  the  respective  metals.  Since,  how- 
ever, the  manipulative  details  whereby  these  substances  may  be  prepared 
have  already  been  published'  it  is  unnecessary  to  repeat  a  description  of 
them  here. 

Silver  Ammonoacetate/  CHsCONHAg,  and  the  Diammonate, 
CH8CONHAg.2NH3. — ^Whep  a  solution  of  acetamide  in  liquid  ammonia 
is  poured  upon  silver  amide,  prepared  by  the  interaction  of  approxi- 
mately equivalent  quantities  of  potassium  amide  and  silver  nitrate,  the 
ammono  base  dissolves  to  a  clear,  colorless  solution.  After  proper  ad- 
justment of  the  concentration  of  the  solution  thus  formed,  a  crop  of  beauti- 
ful crystals  separates  when  the  solution  is  cooled  in  a  bath  of  liquid  amm<»iia. 
A  product,  obtained  in  the  manner  thus  described,  was  recrystallized 
twice  from  pure  ammonia  distilled  over  from  the  second  leg  of  the  re- 
action tube.  When,  however,  the  attempt  was  made  to  dissolve  the  crys- 
tals a  third  time  they  disintegrated  to  a  smeary  mass  which  clung  to  the 
walls  of  the  reaction  tube  and  refused  to  go  into  solution,  but. which 
became  crystalline  again  on  evaporating  oflf  the  greater  portion  of  the 
solvent.  In  view  of  the  fact  that  acetamide  is  a  very  weak  acid,  it  may 
be  concluded  that  this  behavior  of  the  salt  is  indicative  of  ammonolysis 
in  the  manner  represented  by  the  equation  CHjCONHAg  +  NH|  "^^ 
CH3CONH2  +  AgNHj. 

Preparatory  to  analysis  the  specimen  of  well  crystallized  salt  was 
exposed  over  night  to  the  action  of  water  vapor,  then  dissolved  in  dilute 
sulfufic  acid  and  removed  from  the  reaction  tube  after  the  manner  de- 
scribed in  the  papers  referred  to  above.     The  silver  in  an  aliquot  part 

^  /.  Phys.  Chem.,  16,  683  (1912). 

*  This  Joxjrnal,  27,  835  (1905). 

*  Loc.  cU. 

*  Strecker,  many  years  ago  (Ann.  Chem.,  103,  324  (1857)),  obtained  acetamide 
silver  as  crystaUine  scales  (Schuppen)  from  a  solution  formed  by  dissolving  freshly 
precipitated  silver  oxide  in  aqueous  acetamide. 
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of  the  solution  was  determined  as  the  chloride,  the  nitrogen  in  another 
portion  by  the  method  of  Kjeldahl. 

The  8pecmicn»  dried  in  vacuum  at  20  ^  weighed  0.2926  g.  One-half  gave  0.1054  K* 
AgCl  and  two-tenths  gave  0.0124  g.  N. 

Calc.  for  CH|CONHAg.2NHt:  Ag,  54.0,  N,  21.0;  found:  54.2  and  21.2. 

Silver  ammonoacetate  is,  therefore,  shown  to  be  formed  by  the  action 
of  acetamide  on  silver  amide  in  accordance  with  the  equation 

AgNHs  +  CHaCONHj  =  CH,CONHAg  +  NH,. 

The  salt  is  fairly  soluble  in  liquid  ammonia  and  separates  from  cold, 
concentrated  solutions  in  th,e  form  of  beautiful  crystals  containing  two 
molecules  of  ammonia. 

Thallous   Ammonoacetatei    CH3CONHTI,    and    the    Diammonate, 

CH,CONHT1.2NH3.— Thallium  nitride,  which  is  precipitated  when  thal- 
lium nitrate  and  potassium  amide  are  brought  together  in  liquid  ammonia 
solution,  dissolves  readily  in  a  solution  of  acetamide  to  form  a  salt  which 
separates  in  the  form  of  well  developed  crystals  when  the  fairly  concen- 
trated solution  is  cooled  to  a  low  temperature. 

Preparation  /. — ^The  nitride  obtained  from  1.33  g.  of  thallous  nitrate 
was  treated  with  a  liquid  ammonia  solution  of  one  equivalent  of  acet- 
amide. The  solution  of  acetamide  thallium  formed  was  decanted  from 
a  small  quantity  of  undissolved  thallium  nitride,  concentrated  and  cooled 
until  a  crop  of  crystals  was  obtained.  The  specimen  of  salt  was  then  re- 
crystallized  twice,  hydrolyzed  by  water  vapor  and  dissolved  in  dilute  sul- 
furic add  preparatory  to  removal  from  the  reaction  tube  for  analysis. 
The  thallium  in  a  portion  of  the  solution  was  determined  as  the  iodide, 
the  nitrogen  in  another  portion  by  the  method  of  Kjeldahl. 

Dried  in  vacuum  at  120^  the  specimen  weighed  0.9258  g.  One-half  gave  0.5683  g. 
Til,  the  other  half  gave  0.0248  g.  N. 

Preparation  II. — ^The  thallium  nitride  from  1.33  g.  of  thallous  nitrate 
was  treated  with  a  considerable  excess  of  acetamide,  with  the  result  that 
the  precipitate  was  completely  dissolved.  Otherwise  this  experiment  was 
a  duplicate  of  the  preceding. 

Dried  in  vacuum  at  — ^40  ^  the  specimen  weighed  1.0406  g.  Dried  at  120^  it 
weighed  0.9212  g.  One-half  of  the  specimen  after  heating  to  the  latter  temperature 
gave  0.0246  g.  N.    Four-tenths  gave  0.4604  g.  Til. 

Calc.  for  CHjCONHTl:  Tl  77.8,  N  5.4;  found:  (I)  758*  and  5.4;  (II)  77.1  and  5.4. 

Calc.  for  CH1CONHTI.2NH,:  2NH,  11.5;  found:  11.5. 

The  action  of  a  liquid  ammonia  solution  of  acetamide  on  thallous  nitride 
is,  therefore,  represented  by  the  equation 

TUN  +  3CH«CONH2  =  3CHaC0NHTl  +  NH3. 

^  The  low  weight  of  the  thallium  iodide  is  probably  explained  by  the  fact  that  the 
weighing  of  the  prepared  Gooch  crucible  was  inadvertently  omitted  and  as  a  result 
the  wei^t  of  the  thallium  iodide  was  taken  as  the  loss  on  ignition. 
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The  salt  is  very  soluble  in  liquid  ammonia  at  laboratory  temperatuRt 
but  is  much  less  soluble  at  lower  temperatures.     It  separates  from  sob 
tion  in  the  form  of  beautiful,  colorless  crystals,  containing  two  molecuiei 
of  ammonia  of  crystallization,  which  as  they  approach  laboratoiy  tem- 
perature, melt  and  give  off  ammonia.    At  120^  the  removal  of  amm^ 
is  complete  and  at  the  same  time  a  small  quantity  of  sublimate,  p: 
acetamide  resulting  from  the  ammonolysis  of  the  salt,  appears  in  the  u; 
cooler  portion  of  the  specimen  tube.     It  is  interesting  to  note  that  the  li 
trace  of  air  gaining  entrance  to  the  tube  causes  a  blackening  of  the 
in  a  manner  similar  to  that  observed  in  the  case  of  potassium  amm 
thallite.i 

Lead  Ammonoacetate. — A  solution  of  acetamide  in  liquid  anim< 
does  not  dissolve  lead  imide  but  converts  it — slowly  if  the  solution 
only  moderately  concentrated,  rapidly  if  very  concentrated — ^into  a 
white,  amorphous  product  which  settles  well  and  is  easily  washed, 
a  few  washings  the  precipitate  begins  to  lose  its  pure  white  color  and 
ually  takes  on  a  color  resembling  that  of  lead  imide,  an  indication, 
sumably,  of  the  ammonolytic  decomposition  of  the  salt.    The  one 
men  of  this  salt  prepared  was  lost  by  the  bursting  of  the  container. 

Silver  Ammonobenzenesulfonatei  C6H5S02NHAg,  the  Monamm< 
CfiHfiSOaNHAg.NHs,  and  the  Diammonate,  C«H6S02NHAg.2NH,.-^a 
amide  dissolves  readily  in  a  liquid  ammonia  solution  of  benzenesulfi 
amide  to  give  a  salt  which  separates  in  crystalline  form  when  the 
tion,  at  proper  concentration,  is  cooled  in  a  bath  of  liquid  amm 
For  analysis  the  salt  was  hydrolyzed  by  exposure  to  water  vapor  and 
solved  in  dilute  sulfuric  acid. 

Preparation  I. — ^The  silver  amide  obtained  from  0.85  g.  of  silver  ni 
was  dissolved  in  a  solution  of  somewhat  more  than  an  equivalent  ann 
of  benzenesulfonamide  and  from  the  solution  thus  formed  a  crop  of 
tals  (a)  was  obtained  which  was  recrystallized  once  for  analysis.    Fi 
the  mother  liquor  a  second  crop  (6)  was  separated  which  was  also 
recrystallized. 

Specimen  (a)  dried  in  vacuum  at  130°  weighed  0.5060  g.    One-half  gave  0.1 
AgCl,  the  other  half  gave  0.0193  g.  N. 

Specimen  (b)  driec)  in  vacumn  at  — ^40  *  weighed  0.4435  g.     Dried  at  20^  it 
0.4172  g.    Dried  at  200^  it  weighed  0.3914  g.    One-half  of  the  specimen  dried  at 
highest  temperature  gave  0.1031  g.  AgCl,  the  other  half  gave  o.oizi  g.  N 

Preparation  II. — ^The  silver  amide  formed  by  the  action  of  an  equi\ 

quantity  of  potassium  amide  on  one  gram  of  silver  nitrate  was  dissd 

in  a  solution  of  somewhat  more  than  one  equivalent  of  benzenesulfo 

The  crop  of  crystals  obtained  was  recrystallized  once  for  analysis. 

Dried  in  vacuum  at  — 40^  the  specimen  weighed  1.0689  8-    After  heating  to  i 
it  weighed  1.0054  S*  smd  after  heating  to  200°  it  weighed  0.9433  g.     Two-tenths  oil 

*  J,  Phys.  Chem.,  16,  690  (191 2). 
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specimen,  dried  at  aoo^  gave  0.1634  S-  Agl.  In  addition  0.0055  g.  metallic  silver,  re- 
sulting from  some  redudng  action  in  the  container,  was  recovered,  thus  making  the 
total  silver  present  in  the  specimen  0.3795  g*    Three-tenths  of  the  specimen  gave 

0.0150  g.  N. 

Preparation  III. — ^In  order  to  avoid  some  slight  decomposition  of  the 

salt,  brought  about  by  the  high  temperattu-e  necessary  for  the  removal 

of  the  second  molecule  of  ammonia,  the  specimen  was  dried  for  analysis 

at  20°.    When  the  salt  was  dissolved  in  dilute  sulfuric  add,  preparatory 

to  analysis,  a  perfectly  dear,  colorless  solution  resulted.     In  all  respects, 

other  than  drying  at  20^  instead  of  at  200^,  the  conduct  of  this  experiment 

was  identical  with  that  described  under  Preparation  II. 

The  specimen  dried  in  vacutmi  at  — ^40^  weighed  0.9602  g.    Dried  at  20  ^  it  weighed 

0-9057  g-    One-half  of  the  specimen  dried  at  20^  gave  0.2290  g.  AgCl,  the  other  half 

gave  0.0450  g.  N. 

Found. 

Calc.  for  ' " ' 

CtHiSOiNHAc.         la.  16.  EL  III. 

Ag 40.8  39.5  39-8         40-2  

N 5.3  7.6  5.7  5.3         

Calc  for 
CtHiSOiNHAx.NHa. 

Ag ■•........ 3^ '4  ....  •*..  ....  30 . 1 

N  (total) 10. o  ....         ....         10. o 

1  NHa 6.1  ....  6.2  6.3         .... 

Calc.  for 
C«H»SOiNHAg.2HNi. 

2  NH« IX. 4  ^...  II. 7  II. 7  

It  is  thus  shown  that  silver  amide  dissolves  in  a  liquid  ammonia  solu- 
tion of  benzenesulfonamide  to  form  a  silver  salt  of  the  add  amide  in  ac- 
*cordance  with  the  equation, 

AgNHa  +  C5H6SO2NH2  =  CHsSOaNHAg  +  NH,. 

Benzenesulfonamide  silver  separates  from  liquid  ammonia  solutions 
in  the  form  of  beautiful  crystals  containing  two  molecules  of  ammonia 
of  crystallization.  Of  this  ammonia  one  molecule  is  lost  on  warming 
to  laboratory  temperature,  the  other  is  expelled  at  temperatures  around 
200°.  At  the  higher  temperattu^,  however,  the  salt  undergoes  slow  de- 
composition^  and  there  is  a  white  sublimate,  prestmiably  of  benzene- 
sulfonamide, seen  to  collect  in  the  upper,  cooler  portion  of  the  specimen 
tube.  The  salt  is  extremely  soluble  in  liquid  ammonia  at  laboratory  tem- 
peratures, much  less  soluble  at  low  temperatures.  Its  solution  in  liquid 
ammonia  shows  the  phenomenon  of  supersaturation  in  a  striking  degree. 
The  salt  is  practically  unaffected  by  exposure  to  light.  It  is  hydrolyzed 
in  the  presence  of  water. 

Preparation  of  Silver  Ammonobenzenesulfonate  by  the  Action  of 
Benzenesulfonamide  in  Solution  in  Liquid  Anunonia  on  Silver  Oxide. — 
Silver  oxide*  which  is  insoluble  in  liquid  ammonia,  dissolves  readily  in 
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liquid  ammonia  solutions  of  benzenesulfonamide.  A  clear,  colorless  sdu- 
tion  resulting  from  the  treatment  of  i  g.  of  silver  oxide  with  slightly  more 
than  the  equivalent  quantity  of  the  acid  amide,  after  proper  adjustment 
of  the  concentration,  deposited  a  crop  of  beautiful  needle-like  crystals 
on  cooling  to  the  temperatiu-e  of  a  liquid  ammonia  bath.  After  two  re- 
crystallizations  the  salt  was  treated  first  with  water,  then  dissolved  in  dilute 
sulfuric  acid  for  analysis.- 

Dried  in  vacuum  at  — 40°  the  specimen  weighed  1.2493  g.  Dried  at  20^  it  weighed 
1. 185 1  g.  One-half  of  the  specimen  dried  at  20°  gave  0.2977  S*  AgCl,  the  other  half 
gave  0.047 1  g.  N. 

Calc.  for  CeH*SOiNHAg.NHi:  Ag  38.4,  N  lo.o;  found:  37.9  and  8.0.* 
Calc.  for  QH|S02NHAg.2NHi:  i  NHt  57;  found:  5.2. 

The  action  of  benzenesulfonamide  in  solution  in  liquid  ammonia  on 
silver  oxide  is,  therefore,  represented  by  the  equation, 

2C6H5SO2NH2  +  AgjO  =  2C6H6S02NHAg  +  H2O, 

and  the  product  obtained  is  identical  with  that  formed  by  dissolving  silver 
amide  in  benzenesulfonamide  solution. 

Thallous  Axmnonobenzenesulfonate,  C6H6SO2NHTI,  the  Monam- 
monate,  C6H6SO2NHTI.NHS,  and  the  Diammonate,  CeHBS02NHT1.2NHa. 
— ^ThalUum  nitride  dissolves  readily  in  a  solution  of  benzenesulfon- 
amide to  form  a  solution  from  which  a  well  crystallized  product  may  be 
obtained  at  low  temperatures  when  the  very  strong  tendency  to  form 
supersaturated  solutions  is  overcome  either  by  lucky  chance  or  by  some  one 
of  the  devices  known  to  be  more  or  less  effective  to  this  end.  After  ob- 
taining a  crop  of  crystals  the  mother  liquor  was  poured  off  and  fresh  solvent 
distilled  back  upon  the  crop  of  crystals  in  quantity  sufficient  to  dissolve 
it  when  the  temperature  was  allowed  to  rise.  The  dissolution  of  the  oys- 
tals  was  carefully  watched  and  before  the  last  crystal  remnant  had  dis- 
appeared, the  solution  was  cooled  to  develop  a  new  crop  of  crystals.  The 
crystals  grow  beautifully  when  there  are  crystalline  nuclei  present  in  the 
solution,  but  in  case  the  solid  is  once  completely  dissolved,  then  it  be- 
comes a  difficult  matter  to  initiate  crystallization  again.  After  three 
recrystallizations  the  preparation  was  submitted  to  the  action  of  water 
vapor,  then  treated  with  liquid  water,  and  finally  dissolved  in  dilute  sul- 
furic acid  for  analysis. 

The  specimen  dried  in  vacuum  at  — 70®  weighed  1.4764  g.  Dried  at  — ^40'  its 
weight  was,  1.4067  g. ;  at  20®,  1.3997  g.;  and  at  100®,  1.3422  g.  One-half  of  the  speci- 
men dried  at  100**  gave  0.6090  g.  Til,  the  other  half  gave  0.0261  g.  N. 

Calc.  for  C^HftSOaHNTl:  Tl  56.6,  N  3.9;  found:  56.1  and  3.9. 
Calc.  for  CiHftSOiNHTl.NH,:  i  NHj  4.5;  found:  4.1  and  4.6. 
Calc.  for  C*H6SOtNHT1.2NHt:  2  NH,  8.6;  found:  91. 

These  results  show  that  benzenesulfonamide  thallium  is  formed  when 
>  I/>sse8  of  ammonia  were  knotwn  to  occur  in  making  thif  dHermla^tion* 
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thallous  nitride  is  dissolved  in  a  solution  of  benzenesxdfonamide  in  liquid 
ammonia.    The  reaction  is  represented  by  the  equation, 

sCflHsSOaNHs  +  TI3N  =  aCeHfiSOjNHTl  +  NHj. 

Thallium  ammonobenzenesulfcmate  separates  from  concentrated  solu- 
tions at  low  temperatures  as  well-formed  crystals  containing  two  mole- 
cules of  ammonia  of  crystallization,  which  are  lost  stepwise  as  the  tem- 
perature is  allowed  to  rise.  No  attempts  have  been  made  to  determine 
the  vapor  tension  of  these  or  of  any  of  the  other  ammonates  made  dming 
the  course  of  this  investigation.  Solutions  of  the  salt  show,  in  a  very 
conspicuous  manner,  the  phenomenon  of  supersaturation.  In  a  single 
instance  crystallization  was  initiated  at  — 40°,  but  no  one  of  a  consider- 
able number  of  other  attempts  to  bring  about  crystallization  was  suc- 
cessful until,  by  the  use  of  liquid  air,  the  operator  was  enabled  to  cool 
the  solution  to  temperatm-es  in  the  neighborhood  of  — 70**.  The  very 
concentrated  solutions  become  so  viscous,  when  cooled  to  low  tempera- 
tures,  as  to  become  practically  solid  without  the  least  indication  of  crys- 
tallization. Once  started,  however,  crystallization  from  a  supersatiu-ated 
solution  proceeds  in  a  manner  beautiful  to  behold. 

Thallous  Ammono-^-toluenesulfonate,  CH3C6H4SO2NHTI,  and  the 
Monammonate,  CH3C6H4SO2NHTI.NH8.  —  Thallous  ;iitride  dissolves 
readily  in  a  liquid  ammonia  solution  of  /?-toluenesulfonamide  to  form 
a  dear,  colorless  solution  from  which  a  thallium  salt  of  the  acid  amide 
may  be  crystallized  by  strongly  cooling  the  properly  concentrated  solu- 
tion. 

Preparation  I. — From  a  solution  formed  by  dissolving  the  thallium  ni- 
tride from  1.33  g.  of  thallium  nitrate  in  a  solution  of  somewhat  more  than 
one  equivalent  of  ^-toluenesulfonamide  a  crop  of  crystals  was  obtained 
which  was  recrystallized  once,  hydrolyzed  and  dissolved  in  dilute  sulfuric 
add  for  analysis. 

Two-tenths  of  the  specimen,  dried  in  vacuum  at  140  ^^^  weighed  0.4807  g.,  gave 
Q0854  S'  TU.     One-half  of  the  specimen  gave  0.0096  g.  N. 

Preparation  II. — ^From  a  solution  formed  by  dissolving  the  thallium, 
nitride  from  i  g.  of  thallium  nitrate  in  slightly  more  than  one  equivalent 
quantity  of  the  acid  amide,  two  crops  of  crystals,  each  of  which  was  re- 
crystallized  once,  were  obtained  and  submitted  to  analysis  with  the  fol- 
lowing results: 

Specimen  (a)  dried  in  vacuum  at  20°  weighed  0.2785  g.  Heated  to  1 18  ^  at  which 
temperature  the  salt  showed  signs  of  melting,  it  weighed  0.2666  g.-  Four-tenths  of  the 
specimen  dried  at  118®  gave  0.0935  g.  Til  and  0.0040  g.  N. 

Specimen  (6)  dried  in  vacuum  at  — ^40®  weighed  0.1619  g.  Dried  at  140^  it  weighed 
0.1522  g.  The  whole  specimen,  dried  at  the  latter  temperature,  gave  0,1363  g,  TU 
and  0.0056  g.  N. 
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Fovitd. 

Calc.  for  »  * > 

CHiCtlUSOiNHTL        I.  IIo.  TCb, 

Tl 54. 5  54.6  54.0  55.2 

N 3.7  4.0  3^.8  3.7 

Calc.  for 
CHtC«H«SOsNHTl.NHi. 

I  NH| 4.3  4.3  6.0 

p-Toluenesulfonamide  thallium  is,  therefore,  formed  when  thaUium 
nitride  is  dissolved  in  a  solution  of  the  acid  amide  in  accordance  with  the 
reaction  represented  by  the  equation, 

3CH3CeH4S02NH2  +  TI3N  =  3CH,CeH4SQ,NHTl  +  NH,. 

The  salt  is  very  soluble  in  liquid  ammonia  at  laboratory  temperatures, 
much  less  so  at  lower  temperatures.  At  low  temperatures  it  separates 
from  concentrated  solutions  with,  probably,^  two  molecules  of  ammonia 
of  crystallization,  although  this  has  not  been  proved  of  the  specimens 
prepared.  Dried  at  20°  the  salt  retains  one  molecule  of  ammonia.  The 
anammonous  salt  melts  at  some  temperature  below  140**. 

Cuprous  Ammono-p-toluenesulfonate  Diammonate,  CH3C«H4SOr 
NHCU.2NH8,  and  Cupric  Anunono-j^-toluenesulfonatet  (CHsCeH4S0r 
NH)2Cu. — Fitzgerald*  found  when  a  solution  of  cupric  nitrate  is  treated 
with  potassium  amide  that  a  precipitate  is  formed  which,  after  being  heated 
in  vacuum  to  160^,  has  the  composition  represented  by  the  formula 
CU3N.  Moreover  the  nitrogen  set  free  during  the  reaction  was  determined 
and  found  to  be.  evolved  in  an  atomic  ratio  to  copper  always  somewhat 
greater  than  one  to  three.  It  was,  therefore,  concluded  that  the  reduction 
of  the  cupric  to  cuprous  copper  takes  place  during  the  reaction  between 
the  potassium  amide  and  cupric  nitrate  and  not  during  the  heating  of  the 
precipitate.  Proceeding  on  the  assumption  that  Fitzgerald's  precipitate 
is  a  cuprous  compoimd,  it  was  expected  that  it  would  dissolve  in  add  amide 
solutions  to  form  a  cuprous  salt.  However,  when  the  supposedly  pure 
cuprous  imide  was  dissolved  in  /^-toluenesulfonamide  the  resulting  solu- 
tion was  found  contaminated  by  the  presence  of  more  or  less  cupric  salt. 

Experiment  I. — ^The  precipitate  formed  by  the  action  of  potassimn  amide 
on  0.5  g.  of  tetrammonated  cupric  nitrate  was  treated  with  a  liquid  am- 
monia solution  containing  somewhat  more  than  an  equivalent  quantity  of 
toluenesulfonamide.  On  concentrating  and  cooling  the  resulting  solution, 
a  crystalline  mass  was  formed  which  was  made  up  of  colorless  aystals  of 
a  cuprous  salt  intermixed  with  needle-like  crystals  of  a  blue  cupric  com- 
pound. When  crystallization  took  place  from  less  concentrated  solution 
a  crop  of  bulky,  interlacing,  blue  needles,  containing  no  admixture  of 
colorless  crystals,  was  obtained.  The  mother  liquor  was  poured  from  these 
crystals,  which  were  then  dissolved  in  pure  solvent,  distilled  over  from  the 

>  Cf.  Thallous  benzenesulfonamide,  p.  2368. 

>  This  Journal,  29,  656  (1907). 
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second  leg  of  the  reaction  tube,  and  recrystallized.  The  salt  was  hydro- 
lyzed,  then  dissolved  in  dilute  hydrochloric  add  and  from  the  solution  thus 
formed  the  copper  was  precipitated  as  sulfide  by  means  of  hydrogen  sulfide. 

Preparaticm  I,  dried  in  vacuum  at  100  ^  weighed  o  .0341  g.  and  gave  0.0068  g.  CuiS. 
On  adjusting  the  concentration  of  the  mother  Uquor  from  the  above 
preparation  and  cooling  to  — ^40®  a  crop  of  colorless  crystals,  contaminated 
with  a  small  quantity  of  the  cupric  salt,  was  obtained  which,  after  one 
recrystallization,  was  dried  and  removed  from'  the  reaction  tube  for 
analysis. 

Preparation  II,  dried  in  vacumn  at  — ^40®  weighed  0.3061  g.  Dried  at  130^  it 
weii^ied  0.2761  g.  The  whole  specimen  dried  at  130^  gave  0.0876  g.  CutS.  One-half 
of  the  filtrate  hxnn  the  Cu^S  gave  0.0128  g.  N. 

Exferiment  II. — ^In  a  second  experiment  the  precipitate,  formed  by  the 

action  of  potassium  amide  on  a  solution  containing  0.75  g.  of  ammonated 

cupric  nitrate,  was  dissolved  in  somewhat  more  than  an  equivalent  amount 

of  ^toluenesulfonamide   in   solution   in   liquid   ammonia.    On  cooling 

the  solution  a  crop  of  bulky,  blue  crystals  was  obtained  which  was  simply 

drained  of  mother  liquor  and  submitted  to  analysis. 

Preparation  III  weighed  0.0889  g.  after  heating  in  vacuum  to  130°.  The  whole 
specimen  gave  0.0188  g.  CusS  and  0.0051  g.  N. 

On  adjusting  the  concentration  of  the  mother  liquor  from  the  pre- 
ceding preparation  and  cooling  in  a  bath  of  liquid  ammonia  a.  crop  of 
colorless  crystals,  contaminated  with  a  small  quantity  of  cupric  salt, 
separated  from  the  solution.  The  product  was  recrystallized  once  for 
anal3rsis. 

Preparation  IV,  dried  in  vacuum  at  20^  weighed  0.5036  g.  Dried  at  135"*  it 
weighed  0.4567  g.  One-half  of  the  specimen  dried  at  135  °  gave  0.0728  g.  CuiS.  The 
other  half  gave  0.0205  g.  N. 

Pound. 

Calc.  for  ' ' 

CHtC«H«SOsNHtCa.>  I.  IIX. 

Co 15.7  I5-.9  16.9 

N 6.9  5-7 

Calc.  for 
CHtC«H«80iNHCa.  CHtCcHiSOtNHCu.NHs  II.  IV. 

Cn 27.2  25.4  25.3  25.5 

N 6.0  11.2  9-3  90 

Calc.  for 
CHiCiH4SOiKHCu.2NHg. 

Cn 23.8  22.8  23.2 

N 15.7  16.4  15.8 

It  is  obvious  that  both  cupric  and  cuprous  salts  of  />-toluenesulfon- 

amide  are  formed  when  Fitzgerald's  precipitate  is  dissolved  in  a  solution 

'  The  product  analyzed  may  have  been  an  equimolecular  mixture  of  CHsCtHsSOr 
NHCu  and  CHtCtH^SOiNHi  since  it  was  unknown  whether  or  not  a  reduction,  similar 
to  that  discussed  on  p.  2274,  l^ad  taken  place  at  the  temperature  to  which  the  prepara- 
tion had  been  subjected. 
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of  the  acid  amide,  though  it  must  be  noted  that  the  amount  of  cupric 
salt  fonned  is  relatively  small.  The  presence  of  the  cupric  salt  prob- 
ably means,  even  in  the  face  of  the  observations  of  Fitzgerald,^  that  the 
precipitate  formed  by  the  action  of  potassitun  amide  on  cupric  nitrate 
contains  a  certain  amotmt  of  cupric  amide  (or  imide)  which  is  completely 
converted  into  cuprous  nitride  only  when  the  precipitate  is  heated. 

From  an  inspection  of  the  experimental  data  recorded  above  it  is  also 
obvious  that  a  cuprous*  salt  containing  one  molecule  of  ammonia  caanot 
be  obtained.  Although  the  copper  content  of  the  preparations  heated 
to  130-135°  is  in  accord  with  that  of  a  compound  represented  by  the 
formula  CH3C6H4SO1NHCU.NH8,  it  will  be  noted  that  the  amount  of 
nitrogen  present  was  about  two  per  cent,  too  low.  Elsewhere*  in  this  paper 
it  will  be  shown  that  the  results  obtained  are  best  accoimted  for  on  the 
assumption  that,  under  the  influence  of  high  temperature,  ammonolytic 
decomposition  accompanies  the  deammonation  of  the  diammonated  salt 
with  the  result  that  no  sharply  defined  product  is  formed. 

Cuprous  Ammonobenzenesulfonate,  CeHsSOsNHCu,  and  the  Diam- 
monate,  C«H6S02NHCu.2NH3. — A  consideration  of  the  difficulties  en- 
countered in  effectively  separating  the  cupric  and  cuprous  salts  of  toluene- 
sulfonamide  led  to  successful  attempts  to  reduce  the  cupric  salt,  which 
was  present  in  the  solutions  described  below,  by  treatment  with  metallic 
copper.- 

Preparation  I, — ^The  blue  solution  formed  by  dissolving  the  precipi- 
tate of  cuprous  imide  from  2  g.  of  tetrammonated  cupric  nitrate  in  a 
Uquid  ammonia  solution  of  1.4  g.  of  benzenesulfonamide  was  allowed 
to  lie  in  contact  with  a  few  pieces  of  copper  foil  until  the  color  was  dis- 
charged. The  perfectly  colorless  solution  resulting  from  this  treatment 
was  decanted  from  the  bits  of  metallic  copper,  evaporated  to  high  concen- 
tration and  £uaally  cooled  in  a  bath  of  liquid  ammonia  for  the  purpose 
of  obtaining  a .  crop  of  crystals.  However,  the  solution  showed  the 
phenomenon  of  supersattu'ation  so  tenaciously  that  the  deposition  of  a 
crop  of  crystals  could  not  be  brought  about  until  the  tube  was  cooled  almost 
to  the  freezing  point  of  the  solvent  by  means  of  a  bath  of  alcohol  cooled 
by  liquid  air.  After  crystals  were  once  formed,  however,  the  recrystalliza- 
tion  of  the  salt  could  easily  be  carried  on  at  the  temperature  of  a  liquid 
ammonia  bath,  provided  complete  solution  of  the  compound  was  avoided. 
The  crop  of  crystals  first  obtained  was  recrystallized  twice  for  analysis. 
On  heating  the  salt  ammonia  gas  escaped  without  any  apparent  tendency 
to  stepwise  evolution. 

The  specimen  dried  in  vacuum  at  — 40^  weighed  0.8319  g.    After  heating  at 
200^  to  210°  for  more  than  an  hour,  at  the  end  of  which  elapsed  time  ammonia  was 

^  Loc,  cit. 
'  Page  2273. 
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Still  eflcftpmg,  though  very  sbwly,  the  specimen  weighed  0.7269  g.  One-half  of  the 
specimen  dried  at  the  higher  temperature  gave  0.1390  g.  CusS,  the  other  half  gave 
0.0269  g.  N. 

Preparation  IL — ^The  solution  obtained  by  dissolving  the  cuprous  imide 
from  I  g.  of  ammonated  copper  nitrate  in  0.75  g.  benzenesulfonamide 
in  liquid  ammonia  solution  was  first  decolorized,  as  described  above, 
and  then  concentrated  and  cooled  to  a  low  temperature.  After  once 
overcoming  the  strong  reluctance  to  crystallization  the  crop  of  crystals 
obtained  was  recrystallized  once  for  analysis. 

The  specimen  dried  at  — ^40°  in  vacuum  weighed  0.681 1  g.    One-half  gave  0.1059 

g.  CutS,  the  other  half  gave  0.0572  g.  N. 

Found. 
Calc.  for         Found.  Calc.  for 


C«£b80iNHCu.         I.  CtH«SOiNHCu.2Nik.     I.  IL 

Cn 29.0  28.8  25.1  25.1        24.8 

N 6.4  7.4  1.6.6  16.9  16.8 

The  product  of  the  action  of  benzenesulfonamide  on  cuprous  imide 
is  consequently  a  salt  formed  in  accordance  with  the  reaction  represented 
by  the  equation, 

2C«H«S02NH,  +  CusNH  =  2C«H6S02NHCu  +  NH,. 

Cuprous  benzenesulfonamide  separates  from  cold,  concentrated  solu- 
tions in  the  form  of  stout,  colorless  needles  containing  two  molecules 
of  ammonia  of  crystallization.  It  shows  a  large  temperature  coefficient 
of  solubility,  and  is  notable  for  its  strong  tendency  to  form  supersaturated 
solutions.  It  is  very  susceptible  to  the  action  of  atmospheric  air,  the 
least  trace  of  which  gaining  entrance  to  the  preparation  tube  causing  the 
formation  of  a  blue  layer  of  the  cupric  salt  on  the  surface  of  the  solu- 
tion. The  ammonia  of  crystallization  does  not  seem  to  come  off  step- 
wise, nor  is  all  the  ammonia  removed  by  heating  the  preparation  in  vacuum 
to  200®  for  considerably  over  an  hour.  At  elevated  temperatiues  a  quantity 
of  colorless  liquid,  which  solidifies  on'  cooling,  condenses  in  the  upper 
portion  of  the  container.  Since  it  is  scarcely  possible  that  the  salt  itself 
sublimes,  this  liquid,  which  solidifies  at  lower  temperature,  must  be 
free  benzenesxdfonamide  resulting  from  the  ammonolysis  of  the  salt. 

It  is  easy  to  understand'the  liberation  of  benzenesulfonamide  and  the 
observed  fact  that  all  the  ammonia  of  crystallization  cannot  be  removed 
from  the.  salt,  if  it  be  assumed  that  ammonolysis  takes  place  after  the  man- 
ner indicated  by  the  equation, 

C«H,S02NHCu.2NH,  =  C«H6S02NH2  +  CuNHj  +  NH3, 

and  that  the  restdting  cuprous  amide — ^which  is  incapable  of  existence 
at  the  temperature*  at  which  the  ammonolysis  is  assumed  to  take  place — 
is  deammonated  in  accordance  with  the  equation,  CUNH2  =  CuNi/,  -f 

'  Cf.  Tms  JouKNAi,,  34, 1501  (1912). 
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Calculated  in  accordance  with  these  equations  the  loss  in  weight  d 
the  specimen  of  diammonatei  on  heating,  should  have  been  11.8%,  whereas 
the  observed  loss  was  12.6%,  from  which  it  may  be  concluded  that 
product  analyzed  was  a  mixture  of  an  anammonous  benzenestilf< 
copper,  free  benzenesulfonamide  and  cuprous  nitride,  of  the  appro: 
composition  represented  by  the  formulas  (CeHsSOjNHCu,  CeHsSdN 
CuNi/J. 

It  is  interesting  to  note*  that  the  decomposition  which   ftmmnnai 
cuprous  ammonobenzenesulfonate  has  thus  been  shown  to  undergo 
entirely  similar  to  the  familiar  reactions  which  take  place  when  a 
hydrated  salts,  for  example  hydrated  magnesium  chloride,   are  hea^ 

Cupric  Ammonobenzenesulfonate  Tetrammonatey  (C«H6S02NH}sC 
4NH8,   and   the  Heptammonate,   (C6H6S02NH)2Cu.7NH,. — ^After 
experiments  described  above^  had  shown  that  a  cupric  salt  is  f 
simultaneously  with  the  formation  of  a  cuprous  salt  by  the  action  oi 
solution  of  an  acid  amide  on  Fitzgerald's  precipitate,  it  was  deemed 
sirable  to  attempt  the  preparation  of  a  cupric  salt  by  the  action  of  a 
ammonia  solution  of  an  add  amide  on  cupric  oxide. 

Preparation  I. — ^Accordingly  0.3  g.  of  cupric  oxide  was  treated  with 

times  the  equivalent  quantity  of  benzenesulfonamide  in  soluticm  in 

ammonia.    The  immediate  development  of  a  blue  color  sho^ired  that 

copper  oxide  was  going  into  solution.    After  standing  over  night  the 

tion  had  become  intensely  blue  and  the  solution  of  the  copper  oxide 

practically  complete.    Satisfactory  recrystallization  of  the  salt  a 

impractical,  because  of  the  very  bulky  nature  of  the  crop  of  crystals 

separated  when  the  solution  was  strongly  cooled,  such  portions  of 

mother  liquor  as  could  be  so  removed  were  drained  off  and  the  salt 

mitted  to  the  following  described  treatment: 

Exposed  in  vacuum  at  — ^40^  the  salt  dried  to  a  blue,  fibrous  mass.     As  the 
ture  was  raised  ammonia  was  given  off  without  showing  the  usual  step^rise  evoli 
As  the  temperature  approached  100^  the  blue  color  began  to  give  way  to  a 
while  at  a  somewhat  higher  temperature  the  solid  salt  changed  to  a  semifluid, 
and  a  white  sublimate  began  to  appear  in  the  upper  cooler  portions  of  the  tube. 
190°  the  preparation,  which  had  changed  in  color  from  green  to  a  dull  yellow,  was 
slowly  giving  off  ammonia  which,  on  examination,  was  found  to  contain  a 
gas,  presumably  nitrogen.    The  temperature  at  which  evolution  of  nitrogen  liegan 
not  determined.     When  the  residue  was  treated  with  liquid  ammonia  ai   psle 
solution  resulted  which,  on  cooling,  failed  to  give  a  bulky  mass  of  blue  crystals,  but 
instead,  when  very  concentrated,  a  crop  of  colorless  crystals  intermixed  with  a 
quantity  of  blue  ones.    Evaporation  of  the  solvent  at  — ^40°  left  a  light  bine 
which,  giving  off  ammonia  continuously  as  the  temperature  was  raised,  melted  at 
I6o^  and  changed  to  a  black,  most  tmpromising  mass  as  the  temperature  ap 
270^.     The  salt,  after  this  treatment,  failed  of  complete  solution  when  brought  into 
tact  with  dilute  hydrochloric  acid,  a  mass  of  carbonaceous  clots  being  left  un( 

*  Cf.  p.  2270. 
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The  results  of  the  analysts,  which  are  in  rough  agreement  with  the  formula 
(CiHiSOiNH)sCu  or  C«;H«SOsNHCu.C«HiS02NH2,  are  omitted  here. 

A  plausible  explanation  of  this  reduction  of  the  cupric  to  a  cuprous 
salt  may  be  given  as  follows:  On  heating  the  ammonated  cupric  salt, 
ammonolysis  is  assumed  to  take  place  in  accordance  with  the  equation, 

(C«H6S02NH)2Cu  +  2NH,  =  2C«H6SO,NH,  +  CuCNH,),. 

Then,  since  Fitzgerald^  has  shown  that  cupric  amide  is  incapable  of 
existence,  it  follows  that  this  product  of  the  ammonolysis  of  the  cupric 
salt  must  undergo  reduction  as  represented  by  the  equation, 

CuCNHj),  =  CuNv,  +  iVaNHa  +  V,N. 

On  now  treating  the  residual  mixture  with  liquid  ammonia,  the  cuprous 
nitride  dissolves  in  the  excess  of  acid  amide  to  form  the  cuprous  salt 
of  benzenesulfonamide.* 

Preparation  II. — ^While  working  with  the  solution  of  another  prepara- 
tion, obtained  in  the  manner  described  above,  it  was  found  that,  by  con- 
centrating the  solution  at  the  temperature  of  the  laboratory,  the  salt 
could  be  crystallized  in  the  form  of  short,  thick,  very  soluble  prisms  from 
which  the  mother  liquor  could  be  fairly  satisfactorily  drained.  A  crop 
of  crystals  so  obtained  was  dissolved  in  dilute  hydrochloric  acid  for  analysis. 

The  specimen  dried  in  vacuum  at  — 40®  weighed  0.5047  g.  After  heating  to  20* 
it  weighed  0.4524  g.  Three-tenths  of  the  specimen  dried  at  20°  gave  0.0256  g.  CusS, 
another  three-tenths  gave  0.0266  g.  N. 

Calc.  for  (CeHiSOiNH)jCu.4NH8:  Cu  14.3,  N  18.9;  found  (II):  15.0  and  196. 

Calc.  for  (CfH,S0jNH)iCu.7NH,:  3NH,  10.3;  found;  10.4. 

It,  therefore,  appears  that  cupric  oxide  dissolves  ^in  liquid  ammonia 
solutions  of  benzenesulfonamide  to  form  a  cupric  salt  in  accordance 
with  the  equation 

2C6H6SO2NH2  +  CuO  =  (C6H6S02NH)2Cu  +  H2O, 

and  that  this  salt  separates  from  solution  with  seven  molecules  of  am- 
monia, three  of  which  it  loses  in  vacuum  at  20°.  On  heating  to  higher 
temperatures  the  cupric  salt  is  converted  into  a  mixture  of  cuprous  am- 
monobenzenesulfonate  and  the  free  acid  amide. 

Metallic  Salts  of  the  Acid  Ammono  Esters. 

The  add  amides  are  to  be  looked  upon  as  dibasic  ammono  acids,  and 
in  accordance  with  this  view  Franklin  and  Stafford*  found  benzamide 
and  benzenesulfonamide,  for  example,  to  react  with  potassium  amide 
in  hquid  ammonia  solutions  to  form  acid  and  normal  salts  of  the  respec- 
tive formulas  CeHjCONHK,  CeH6S02NHK,  CeHgCONK,  and  CeHeS02NK2. 

^  Loc.  cit. 

*  It  may  be  noted  that  the  reduction  of  the  cupric  salt  may  be  represented  as  taking 
place  in  accordance  with  the  equation,  (C6H6SOtNH)2Cu.4NH«  =>  CcHiSOiNHCu  + 
CaiiSOiNH,  -f  3V1NH,  -f-  ViN. 

'  Am.  Chem.  /.,  ay,  83  (1902). 
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Now  if  the  add  amides  are  in  reality  the  adds  of  an  ammonia  system 
of  adds,  bases  and  salts,  ^  then  it  follows  that  their  alkyl  and  aryl  de- 
rivatives must  be  looked  upon  as  ammono  esters,  and  since  there  are  in 
the  add  amides  two  replaceable  hydrogen  atoms,  either  one  or  both 
of  which  may  be  replaced  by  hydrocarbon  radicals,  then  one  is  led  to  the 
condusion  that  such  derivatives  of  the  acid  amides  will  show  the  proper- 
ties, respectivdy,  of  acid  ammono  esters  and  neutral  ammono  esters.  It 
was  to  test  the  question  as  to  whether  such  acid  esters  behave  as  adds  in 
solution  in  liquid  ammonia  that  the  experiments  described  below  were 
undertaken. 

Silver  Phenyl  Ammonoacetatey  CHaCONAgCeHB,  and  the  Monam- 
monate,  CHaCONAgCcHe-NHs. — ^A  compound  which  is  at  the  same  time 
an  ammono  salt  and  an  ammono  ester.  Pure  silver  amide,  prepared  from 
I  g.  of  silver  nitrate  in  a  manner  which  has  been  elsewhere  described,  was 
found  to  dissolve  readily  enough  in  a  liquid  ammonia  solution  of  i  g. 
of  acetaniUde,  especially  when  the  solution  was  concentrated.  The  salt 
formed  is  very  soluble  in  Uquid  ammonia  and  could  be  brought  to  crys- 
taUization  only  by  exposing  the  concentrated  solution  to  a  temperature 
of  — 70**  or  below.  The  crystals  separated  as  a  very  bulky  mass  which  re- 
tained much  mother  Uquor,  so  the  one  recrystallization  to  which  the  speci- 
men was  submitted  cannot  have  accomplished  very  much  toward  the  puri- 
fication of  the  salt.  Preparatory  to  analysis  the  compound  was  first 
hydrolyzed,  then  dissolved  in  dilute  sulfuric  add. 

Dried  in  vacuum  at  20^  the  specimen  weighed  0.3323  g.  After  heating  to  100*' 
it  weighed  0.3100  g.  «The  whole  specimen  dried  at  100°  gave  0.1892  g.  AgCl.  N  was 
lost. 

Calc.  for  CH|CONAgC«Hs:  Ag  44.7;  found:  45.9. 

Calc.  for  CH«CONAgC«H«.NH<:  i  NH.  6.6;  found:  6.7. 

The  formation  of  a  silver  salt  of  acetanilide  by  the  action  of  the  add 

ester  in  solution  in  liquid  ammonia  on  silver  amide  is  thus  shown  to  take 

place  in  accordance  with  the  equation 

CH,COv  CH.COv 

^NH  +  AgNH,  -  '>NAg  +  NH,. 

When  cooled  to  a  low  temperatiu-e  the  very  soluble  salt  separates  from 
concentrated  solutions  as  a  bulky,  crystalline  mass  containing  ammonia 
of  crystallization.  One  molecule  of  ammonia  is  retained  at  20°  to  be  given 
oflf  when  the  salt  is  heated  to  100°. 

Thallous  Phenyl  Ammonoacetate,  CHsCONTlCeHs.— When  the  pre- 
dpitate  of  thallium  nitride  prepared  from  1.3  g.  of  thaUiimi  nitrate  was 
allowed  to  lie  in  contact  with  a  liquid  ammonia  solution  of  somewhat 
more  than  the  equivalent  amount  of  acetanilide,  the  black  nitride  was 

^  Cf.  Am.  Chem,  /.,  47,  285  (1912). 
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gradually  converted  into  a  gray,  granular  mass  which  is  but  slightly 

soluble  in  liquid  ammonia. 

Preparation  la. — By  repeatedly  extracting  this  product  with  liquid 

ammonia  a  good  crop  of  colorless  crystals  was  collected  in  the  second  arm 

of  the  reaction  tube.    Preparatory  to  analysis  the  specimen  was  first 

treated  with  water,  then  dissolved  in  dilute  sulfuric  acid. 

Dried  in  vacuum  at  20°  the  specimen  weighed  0.7796  g.  After  heating  to  100® 
it  weighed  0.7778  g.  One-half  of  the  specimen  gave  0.3773  g.  Til,  the  other  half  gave 
aoi5i  g.  N. 

Preparation  lb. — ^The  gray  residue,  from  which  the  above  specimen  was 
extracted,  was  washed  to  remove  the  excess  of  acetanilide  present  and  sub- 
mitted to  analysis  with  the  following  results : 

Dried  in  vacuum  at  20°  the  specimen  weighed  0.5541  g.     Dried  at  xoo°  it  weighed 

0.5533  S*     One-half  of  the  specimen  gave  0.2685  g.  Til,  the  other  half  gave  0.0108  g.  N. 

Calc.  for  CH,C0NT1C6H»:  Tl  60.4,  N  4.1 ;  found:  (la)  59.8  and  3.9;  (lb)  59.8  and  3.9. 

From  the  results  of  the  above  described  experiments  it  follows  that 
thallium  nitride  is  converted  into  a  thallium  salt  of  acid  phenyl  am- 
monoacetate,  when  the  nitride  is  allowed  to  lie  in  contact  with  a  solution 
of  acetanilide,  in  accordance  with  the  equation 

3CH,CONHC«H6  +  TUN  =  3CH3CONTIC6H6  +  NH3. 

The  salt  is  only  sHghtly  soluble  in  liquid  ammonia  but  may  be  ob- 
tained in  the  form  of  well  developed,  colorless  crystals  by  shaking  the 
gray  reaction  product,  mentioned  above,  in  contact  with  liquid  ammonia 
until  a  sattnrated  solution  is  obtained,  poturing  the  solution  from  the  resi- 
due, and  evaporating  away  the  greater  portion  of  the  solvent.  It  separates 
from  solution  without  ammonia  of  crystallization. 

Potassium  Benzyl  Ammonoacetate  Monammonate,  CHsC0NKCH2- 
C«H6.NH3. — (Prepared  by  Mr.  W.  R.  Weaver.^)  lyiquid  ammonia  solu- 
tions of  benzylacetamide^  and  potassium  amide  were  brought  together 
with  the  resultant  formation  of  a  bright  red  solution  from  which,  after 
bringing  to  a  sufficiently  high  concentration  and  cooling  to  a  low  tempera- 
ture, an  abtmdant  crop  of  pink  crystals  was  obtained.  After  draining 
off  the  mother  liquor  and  washing  a  few  times  with  small  quantities  of 
liquid  ammonia,  the  preparation  was  treated  with  water  and  then  dis- 
solved in  dilute  sulfuric  acid  for  analysis. 

Dried  m  vacuum  at  20^  the  specimen  weighed  0.1338  g.  One-half  gave  0.0282  g. 
K1SO4,  the  other  half  gave  0.0084  ST-  N. 

Calc.  for  CHtCONKCHsCeHc.NHi:  K  191,  N  137;  found:  19.1  and  12.6. 

^  Prom  a  thesis  submitted  to  the  Department  of  Chemistry  of  the  Leland  Stan- 
ford Junior  University  in  partial  fulfillment  of  the  requirements  for  the  degree  of  Master 
of  Arts. 

'  This  compound  was  made  by  heating  together  benzylamine  and  glacial  acetic 
acid  and  purifying  the  reaction  product  by  fractional  distillation.  Benzylacetamide 
is  very  easily  soluble  in  liquid  ammonia. 
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Benzylacetamide,  therefore,  reacts  with  potassium  amide  in  liquid  am- 
monia solution  in  accordance  with  the  equation, 

CH3CONHCH2QH6  +  KNHj  =  CHjCONKCHjCeH*  +  NH,, 

to  form  a  salt  which  retains  one  molecule  of  ammonia  of  crystallization 
when  dried  in  vacuum  at  20°.  The  salt  is  very  soluble  in  liquid  am- 
monia and  separates  from  concentrated,  cold  solutions  beautifully  crys- 
tallized. 

Potassium  f -Phenetol  Ammonoacetate,  CHaCONKC6H40C2H6.— (Pre- 
pared by  W.  R.  Weaver.)  Phenetolacetamide  is  very  soluble  in  liquid 
ammonia.  Solutions  of  approximately  equivalent  quantities  of  the  acid 
ammono  ester  and  potassium  amide,  when  brought  together,  gave  a  solu- 
tion from  which  a  crop  of  crystals  could  be  obtained  only  at  very  high  con- 
centration and  low  temperature.  The  mother  liquor,  very  limited  in 
quantity,  was  drained  from  the  crystals  and  they  were  washed  to  some 
extent  by  first  properly  inclining  the  reaction  tube  so  that  the 
liquid  would  drain  off,  and  then  condensing  small  quantities  of  ammonia 
upon  the  crystals  by  the  application  of  a  swab  of  cotton,  saturated  with 
liquid  ammonia,  to  the  exterior  of  the  tube.  The  purification  of  the 
preparation  was  not  considered  very  satisfactory.  For  analysis  the  salt 
was  dissolved  in  dilute  sulfuric  add. 

One-half  of  the  specimen,  which  dried  in  vacuum  at  20^  weighed  0.2024  S-t  sa^e 
0.0422  g.  K1SO4.    The  remaining  half  gave  0.0060  g.  N. 

Calc.  for  CHiCONKCeHfOCiHi:  K  17.9,  N  6.4;  found:  18.1  and  5.9. 

These  analytical  results  show  in  a  fairly  satisfactory  manner  that  potas- 
sium phenetol  ammonoacetate  is  formed  by  the  action  of  potassium  amide 
on  phenetolacetamide  in  accordance  with  the  equation 

CH,CONHC«H40C2H6  +  KNHj  =  CH8CONKC6H4OC2H6  -f  NH,. 

The  salt,  which  is  extremely  soluble  in  liquid  ammonia,  separates  well 
crystaUized  from  very  concentrated,  cold  solutions,  and  retains  no  am- 
monia when  dried  in  vacuum  at  20°. 

Sununaiy. 

In  this  investigation  it  has  been  shown,  in  the  first  place,  that  the 
amides,  imides  and  nitrides  of  certain  heavy  metals  dissolve  in  liquid  am- 
monia solutions  of  acid  amides  to  form  well  crystalUzed  metallic  derivatives 
of  the  acid  amides.  The  compounds  obtained  are  to  be  looked  upon  as 
salts  of  an  ammonia  system  of  acids,  bases  and  salts  which  are  formed 
by  the  action  of  ammono  adds  on  ammono  bases  in  liquid  ammonia  solu- 
tions. 

In  the  second  place  it  has  been  shown  that  such  compounds  as  aoet- 
anilide  and  benzylacetamide  are  to  be  looked  upon  as  acid  ammono  esters 
which,  in  liquid  ammonia  solutions,  react  with  ammono  bases,  just  as  the 
acid  amides  do,  to  form  ammono  salts. 
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The  following  salts,  for  the  most  part  beautiftilly  crystallized,  have 
been  prepared: 

1.  Diammonated  silver  ammonoacetate,  CH8CONHAg.2NH3. 

2.  Thallous    ammonoacetate,    CHaCONHTl    and    the    diammonate, 
CHtCONHT1.2NH8. 

3.  Lead  ammonoacetate. 

4.  Silver  ammonobenzenesulfonate,  CeHsSOsNHAg,  the  monammonate, 
CeHjSOiNHAg.NHs  and  the  diammonate,  C«H6S02NHAg.2NH8. 

5.  Thallous    ammonobenzenesulfonate,    CeHBS02NHTl,    the    monam- 
monate,  CeHSOaNHTl.NHs  and  the  diammonate,  C6H6S02NHT1.2NH,. 

6.  Thallous  ammono-/>-toluenesulfonate,   CH8QH4SO2NHTI   and   the 
monammonate,  CH3C6H4SOJNHTI.NH8. 

7.  Diammonated   cuprous   ammono-/)-toluenesulfonate,    CHaC6H4S02- 
NHCu.2NH«. 

8.  Cupric  ammono-p-toluenesulfonate,  (CH8C6H4S02NH)sCu. 

9.  Cuprous    ammonobenzenesulfonate,    C6HfiS02NHCu    and    the    di- 
ammonate, C6H6SO2NHCU.2NH3. 

10.  Cupric  ammonobenzenesulfonate  tetrammonate,  (CeH6S02NH)2Cu.- 
4NH,  and  the  heptammonate,  (C6HbS02NH)2Cu.7NH8. 

11.  Silver    phcnylammonoacetate,    CHsCONAgCaHe    and    the    mon- 
ammonate, CHaCONAgCeHs-NHs. 

12.  Thallous  phcnylammonoacetate,  CHsCONTlCeHs. 

13.  Potassium  benzyl  ammonoacetate  monammonate,  CHsC0NKCH2- 
C«H5.NH3. 

14.  Potassium  />-phenetol  ammonoacetate,  CH3CONKC6H4OC2HJ. 

Calzvormia. 
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Introduction. 

Investigations^  conducted  in  this  laboratory  have  shown  that  a  reaction 
similar  to  that  which  accompanies  the  solution  of  the  hydroxide  of  zinc 
in  aqueous  potassium  hydroxide  takes  place  when  the  amide  of  zinc  is 
treated  with  a  liquid  ammonia  solution  of  potassium  amide.  These 
strikingly  similar  reactions  proceed  in  accordance  with  the  equations, 

Zn(0H)2  +  2KOH  =  Zn(0K)2  +  2H20« 

Zn(NH2)2  +  2KNH2  =  Zn(NHK)2  +  2NH,, 

^  Fitzgerald,  Tms  Joxtknai^,  29,  660  (1907),  and  Franklin,  Ibid.,  29,  1375  (1907). 

*  As  a  matter  of  fact  this  equation,  which  is  frequently  written  to  represent  the 
sctioQ  of  potassium  hydroxide  on  zinc  hydroxide,  seems  never  to  have  been  experi- 
mentally demonstrated  (cf.  Comey  and  Jackson,  Am,  Chem,  J,,  xz,  14^  {i^9A))* 
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which  represent,  respectively,  the  formation  of  an  aquozincate  and  an 
ammonozincate  of  potassium,  the  one  a  salt  of  the  water  system  of  adds, 
bases  and  salts,  the  other,  a  salt  of  the  ammonia  system. 

Following  the  successftd  preparation  of  the  anmionozincate  and  the 
ammonoplumbite^  of  potassium,  which  are  the  analogs  of  known  aqao- 
compotmds,  other  metallic  amides  (imides  and  nitrides)  were  studied  witb 
respect  to  their  behavior  toward  liquid  ammonia  solutions  of  potassium 
amide,  with  the  result — ^perhaps  contrary  to  what  was  to  have  been  ex- 
pected in  view  of  the  fact  that  only  a  limited  number  of  metallic  hydroxides 
are  known  to  react  with  potassium  hydroxide — ^that  the  capacity  of  form- 
mg  salts  sunilar  to  potassium  ammonozincate  came  to  be  recognized  as: 
a  property  possessed  by  many,  perhaps  a  majority,  of  the  comxnoiier 
metals.     In  the  course  of  these  investigations  it  has  been  found  that 
potassium  amide  reacts  with  cadniitun  amide  to  form  an  ammonocadmiate 
of  potassium,^  with  nickel  amide  to  form  an  isunmononickelate,^  with  silver 
amide  to  form  an  ammonoargentate,'  with  cuprous  imide  to  form  an 
ammonocuprite,^  with  thallous  nitride  to  form  an  ammonothallite'  andL 
even  with  the  amide  of  the  strongly  electropositive  magnesium  to  form  as 
ammonomagnesate  of  potassium.^    The  isolation  of  compounds    sudi 
as  these,  and  especially  the  preparation  of  an  ammonomagnesate  of  po- 
tassium as  a  compound  of  sharply  definite  composition,  suggested  the 
possibility  that  the  amides  of  the  more  positive  metals,  bariimi,  strontiiim 
and  calcium,  might  be  capable  of  reacting  with  potassimn  amide  to  form 
similar  ammono  salts. 

Before  passing  to  a  description  of  the  experimental  part  of  this  re- 
search it  is  interesting  to  note  that — in  contrast  with  the  difficulties  en-. 
countered  by  other  investigators  in  their  efforts  to  prepare  satisfactory 
specimens^  of  the  aquozincates  and  aquoplumbites  and  even  of  the  aquo- 
aluminates — ^the  ammono  salts  mentioned  above  are  easily  prepared,  and 
for  the  most  part  have  been  obtained  beautifully  crystallized  and  of 
sharply   definite   composition.    The  formation   of  amorphous   products 

/.  Phys.  Chem.,  15,  511  (191 1). 

Ibid.,  October,  19 15. 

Tras  Journal,  37>  854  (1915). 

Ibid.,  34,  1501  (1912). 

/.  Phys.  Chem.,  16,  682  (1912). 

Tras  Journal,  35,  1455  (1913)-  An  ammonostannate  (Ibid.,  29,  1693  (1907))* 
and  an  ammonotltanate  of  potassium  (Jbid.,  34,  1497  (1912)),  analogous  to  the 
aquostannate  and  aquotitanate,  have  also  been  prepared  in  this  laboratory,  but 
stannic  and  titanic  hydroxides  are  distinct  acids  and  scarcely  show  amphoteric  proper* 
ties,  their  ammono  salts  are  not  of  very  particular  interest  in  the  present  connectii 

'  Prescott,  Tras  Journal,  a,  27  (1880),  Comey  and  Jackson,  Am.  Chem.  J.,  11, 
145  (1894)*  Allen  and  Rogers,  Ibid.,  34,  304  (1901),  Hantzsch,  Z.  an^g.  Chern^  3% 
289  (1902). 
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interferes  with  the  isolation  of  pure  aquo  salts.     Nothing  of  the  kind  ap- 
pears to  stand  in  the  way  of  the  preparation  of  the  ammono  salts. 

Experimental. 

Since  the  special  methods  which  have  "been  developed  in  this  labora- 
tory for  the  manipulation  of  liquid  ammonia  solutions  have  been  de- 
scribed elsewhere/  it  is  unnecessary  to  go  into  detail  concerning  them 
here. 

Potassium  Ammonobarate,  BaNK.2NH3,  Ba(NH2)2.KNH2  or 
[Ba(NH2)3]K. — ^When  a  barium  salt  and  an  excess  of  potassium  amide  are 
brought  together  in  liquid  ammonia  solution  a  white,  insoluble  precipitate  is 
formed  which  has  been  shown  to  have  the  composition  represented  by 
the  above  formulas.  Preparatory  to  analysis,  the  pure,  dry'  salt  was 
hydrolyzed  by  the  action  of  water  vapor,  then  treated  with  liquid  water 
and  finally  dissolved  in  dilute  hydrochloric  add.  From  an  aliquot  por- 
tion of  the  acid  solution  the  barium  was  removed  and  weighed  as  sul- 
fate. The  fiiltrate  from  barium  sulfate  was  evaporated  to  dryness  and 
the  residue  ignited  and  weighed  as  potassium  sulfate.  From  another 
portion  of  the  solution  ammonia  was  removed  by  distillation  with  excess 
of  potassium  hydroxide  and  determined  by  titration  after  the  usual 
manner  with  standard  acid. 

Preparation  /. — Into  a  large  excess  of  potassium  amide  was  run  a  solu- 
tion of  I  g.  of  barium  nitrate  which  had  been  previously  dried  by  gentle 
ignition.  The  resulting  precipitate  was  washed  many  times,  by  the  pro- 
cess of  decantation  described  elsewhere,  in  order  to  be  sure  of  removing 
all  the  potassium  nitrate  formed  in  the  reaction,  together  with  the  excess 
of  potassium  amide  used. 

Dried  in  vacuum  at  20**  the  preparation  weighed  1.1525  g.  One-half  gave  0.6040 
g.  BaS04.  One-fifth  gave  0.0515  g.  NHt.  One-fifth  of  the  filtrate  from  BaSOt  gave 
0.0916  g.  KsS04. 

Preparation  II. — ^Af ter  pouring  barium  nitrate  solution  into  a  solution 
containing  a  large  excess  of  potassium  amide,  the  reaction  tube  with  its 
contents — subjected  to  occasional  shaking — ^was  allowed  to  stand  several 
da3rs  with  the  object  in  view  of  ascertaining  whether  a  compound  richer 
in  potassium  than  Preparation  I  might  be  obtained.  After  thorough  wash- 
ing the  precipitate  was  dried  in  vacuum,  first  at  — 40®  and  then  at  20°. 
By  this  treatment  the  preparation  lost  only  0.0012  g.,  thus  showing 
that  at  the  lower  temperature  the  compound  retains  but  two  molecules 
of  ammonia. 

Dried  at  20**  the  specimen  weighed  1.2873  g.  One-fourth  gave  0.3371  g.  BaSOt. 
Another  fourth  gave  0.0608  g.  N.    The  filtrate  from  BaSOi  gave  0.1244  g.  KsS04. 

iTms  JouRNAir,  37,  820  (1905);  ap,  656  and  1693  (1907);  35»  i455  (1913);  Jy 
Phys,  Chem.,  15,  509  (191 1);  x6,  682  (;9i3)t 

*  Free  from  imcombined  ammonia. 
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Preparation  III. — ^This  experiment  was  a  duplicate  of  the  preceding, 

excepting  that  instead  of  pouring  the  barium  nitrate  into  an  ezoess  of 

potassium  amide  the  order  of  mixing  the  solutions  was  reversed. 

Dried  at  20°  in  vacuum  the  spedmen  weighed  1.2900  g.    One-fourth  gave  0.3366 
g.  BaSOt  and  0.1260  g.  KtSOi.    One-fourth  gave  0.0602  g.  N. 

Preparation! V. — ^This  and  the  succeeding  preparation  were  made  hy 

the  action  of  potassium  amide  on  the  very  soluble  barium  sulfocyanate. 

A  solution  of  0.55  g.  of  the  salt,  which  had  been  dried  for  several  weds 

in  vacuum  over  sulftuic  acid,  was  added  to  an  excess  of  potassium  amidej 

in  hquid  ammonia  solution.    The  precipitate  formed  was  thorougfaljf 

washed  preparatory  to  analysis. 

The  specimen  dried  at  20^  in  vacuum  weighed  0.5480  g.  and  gave  0.5506  g. 
One-half  of  the  filtrate  from  BaS04  gave  0.1149  g.  KtSOi;  one-fifth  gave  0.0204  S-  N.; 

Preparation  V. — In  this  experiment  an  excess  of  potassium  amide  was  I 

added  to  a  solution  of  0.61  g.  barium  sulfocyanate.    The  precipitate  was] 

thoroughly  washed. 

Dried  in  vacuum  at  100°  the  specimen  weighed  0.4404  g.  and  gave  0.4432  g.  BaSd-j 
One-half  of  the  filtrate  from  BaSOt  gave  0.0923  g.  EltSOt;  the  other  half  gave  0.0415  g.  N.  | 

Ponnd. 

Calc.  for  . * 

BaNK.2NHi.        I.  IL  HL  IV.»  V.» 

Ba 61.2        61.6        61.6        61.3        59.2         59.2 

N 18.7         18.4        18.9        18.7         18.6         18.8 

EI 17.4        17.8         17.4        17.5         18.8         18.6 

Potassium  ammonobarate,  which  is  formed  in  accordance  with 
equation 

Ba(N08)2  +  3KNH2  =  BaNK  +  2KNO3  +  2NH,, 

when  barium  nitrate  in  solution  in  Uquid  ammonia  is  poured  into 
excess  of  a  solution  of  potassium  amide,  is  obtained  as  an  amorphous 
microcrystalline  precipitate  of  the  composition  represented  by  the  formi 
BaNK.2NH3.     Temperatiu^es  up  to  100°  have  no  effect  on  the  compcauu 
It  is  insoluble  in  liquid  ammonia,  but  is  decomposed  and  dissolved 
liquid  ammonia  solutions  of  ammonium  nitrate.     It  is  hydrolyzed  vigor- 
ously  in  contact  with  water  into  potassium  hydroxide,  barium  hydroxic 
and  ammonia. 

Barium  Amide,  Ba(NH2)2. — Although  barium  amide  has    been 
viously  prepared*  it  was  thought  desirable  in  this  connection  to  show 
it  may  be  obtained  by  the  action  of  potassium  amide  on  barium  sail 
in  liquid  ammonia  solution.     Accordingly,  in  one  experiment  potassii 

^  The  barium  thiocyanate  used  in  making  these  preparatioi^  was  supposed,  at 
time  it  was  used,  to  be  dry.     It  was  subsequently  found  to  contain  water.     The  higfc^ 
content  of  potassium  and  the  low  results  for  barium  are,  therefore,  due  to  the  pre: 
of  potassium  hydroxide  formed  by  the  action  of  the  water  on  potassium  amide. 

»  Mentrel,  BuU.  soc.  chim.  (France),  [3]  291  497  (1903);  Gtmts  et  Mcntrel,  IhU^ 
I3]  ^f  578  (1903). 
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amide  was  run  into  a  large  excess  of  a  solution  of  baritun  nitrate,  in  an- 
other, barium  nitrate  was  added  to  two  equivalents  of  potassium  amide, 
in  a  third,  eqtiivalent  quantities  of  barium  sulfocyanate  and  potassium 
amide  were  mixed,  and  in  a  fourth,  a  dilute  solution  of  potassium  amide 
was  run  very  slowly — with  constant  shaking — into  a  large  excess  of  barium 
sulfoqranate  solution  in  the  hope  that  the  inclusion  of  any  potassitmi  am- 
monobarate  in  the  precipitate  might  thus  be  avoided.  The  realization 
of  a  piu-e  compound,  however,  was  defeated  by  the  presence  of  water  in 
the  barium  thiocyanate  used,  which,  of  course,  resulted  in  the  contamina- 
tion of  the  precipitate  with  a  small  quantity  of  potassium  hydroxide. 
Since  barium  amide  is  a  compound  already  known,  the  inclusion  of  the 
analytical  data  here  is  unnecessary.     Following  are  the  results  obtained: 

Pound. 

Calc  for  . " ' 

Ba(NHs)s.  I.  II.  UI.  IV. 

Ba Sx.o        79.7        79.4        80.6        80.5 

N 16.6        15. 7        16.0        15.3        15.6 

Xsh*  ••«••  ■•••#••••■••■••«•••••        w  ■  \0  ••••  ••••  •«■■  X«^ 

• 

These  results  show  that  barium  amide  is  formed  by  the  action  of  po- 
tassium amide  on  a  salt  of  barium  in  solution  in  liqitid  ammonia,  but 
obviously  the  preparation  of  a  pure  compound  in  this  manner  is  a  matter 
of  considerable  diflBiculty.      The  action  is  represented  by  the  equation 

Ba(N03)2  +  2XNH2  =  Ba(NH2)2  +  2KN0a. 

Baritmi  amide  was  obtained  as  a  white  precipitate  insoluble  in  liquid 
ammonia,  but  readily  soluble  in  a  solution  of  ammonium  nitrate.  * 

Potassium  Ammonostrontiate,  SrNK.2NH3,  Sr(NH2)t.KNHi  or 
lSr(NH2)8]K. — Excepting  that  a  soluble  strontium  salt  was  substituted 
for  the  barium  salt,  the  procediu-e  followed  for  the  preparation  of  po- 
tassium ammonostrontiate  was  the  same  as  that  described  above  for  ob- 
taining potassium  ammonobarate.  The  strontium  was  determined  as 
carbonate  and  the  potassium  as  chloride. 

Preparation  /. — One  gram  of  strontium  nitrate,  dried  by  gentle  igni- 
tion, was  dissolved  in  liquid  ammonia  and  added  to  a  solution  of  four 
equivalents  of  potassium  amide.  A  bulky,,  amorphous  precipitate  resulted. 
Due  to  a  leaky  stopcock  the  solvent  evaporated  away  while  the  prepara- 
tion tube  stood  over  night,  leaving  the  precipitate  in  the  form  of  lumpy 
masses  which  were  not  broken  up  by  the  washing  to  whidi  they  were 
subjected.  There  was,  therefore,  some  doubt  as  to  the  efficiency  of  the 
washing. 

The  specimen  dried  in  vacuum  at  20^  weighed  0.9725  g.    One-fourth  gave  0.1976 
g.  SrCOi  and  o.i  1 14  g.  KCl.     One-fifth  gave  0.0439  g.  N. 

Preparation  IL — ^This  specimen  was  made  by  running  a  solution  of  i  g. 
of  strontium  nitrate  into  a  solution  containing  approximately  three  equiva* 
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lents  of  potassitim  amide.    The  precipitate  was  thoroughly  washed  pfe- 
paratoiy  to  analysis. 

Dried  at  loo**  in  vacutun  the  specimen  weighed  0.7816  g.    One-half  gave  0.^339  g. 
SrCQt  and  0.1680  g.  KCl.    One-eighth  gave  0.0233  S*  N. 

Found. 
Calc  for  #  *  » 

SrNK.2NHi  I.  IL 

Sr 50  .-1  48.3  50.4 

N 24.0  22.6  23.8 

K 22.4  24.0  22.6 

Although  obtained  in  the  form  of  a  bulky,  amorphous  precipitate  there 
can  be  no  doubt  of  the  formation  of  an  ammonostrontiate  of  potassium, 
as  the  result  of  the  action  of  potassium  amide  in  excess  on  solutions  ofj 
strontium  salts.    The  reaction  is  represented  by  the  equation 

Sr(N08)2  +  3KNH2  =  SrNK  +  2KNO3  +  2NH,. 

The  salt  is  insoluble  in  liquid  ammonia  but  dissolves  in  soluticMis  ofi 
ammonium  nitrate  to  form  the  nitrates  of  strontium  and  potassium.  It^ 
is  hydrolyzed  vigorously  by  water  into  strontium  hydroxide,  potassium 
hydroxide  and  ammonia. 

Potassium  Ammonocalciatei  CaNK.2NH,,  Ca(NH2)2.KNH, 
[Ca(NHs)s]K. — ^This  salt  has  been  prepared  by  the  action  of  potassium] 
amide  on  metallic  calcium  and  by  adding  calcium  thiocyanate  to  an  ex-, 
cess  of  a  solution  of  potassium  amide.  Preparatory  to  analysis  the  salt 
was  hydrolyzed  by  water  vapor  and  dissolved  in  dilute  hydrochloric  add. 
The  calcium  was  precipitated  as  oxalate  and  weighed  as  oxide.  Potas* 
slum  was  weighed  as  chloride  and  ammonia  was  determined  by  the  usualj 
volumetric  method. 

Preparation  /. — Into  the  two  legs  of  the  familiar  reaction  tube 

introduced,  respectively,  0.2  g.  metallic  calcium  and  0.4  g.  metallic 

slum,  the  latter  together  with  a  small  quantity  of  platinum  black. 

soon  as  the  potassium  had  been  converted  into  potassium  amide,  the  soht^J 

tion  of  this  ammono  base  was  poured  into  the  leg  containing  tke  metallic' 

calcium.    The  blue  color  of  the  calcium  solution  disappeared  in  the  couise 

of  an  hour,  leaving  a  white,  amorphous  precipitate,  which,  after  thorougk' 

washing,  was  submitted  to  analysis. 

The  specimen  dried  in  vacuum  at  80^  weighed  0.5707  g.    One-half  gave  olI32i 
g.  CaO  and  0.18 17  g.  KCl.    One-fourth  gave  0.0457  g.  N. 

Preparation  II. — ^This  experiment  was  practically  a  duplicate  of  the 
preceding. 

Dried  in  vacuum  at  100*  the  precipitate  weighed  0.6285  %-    One-fourth  ga^e 
ao694  g.  CaO  and  0.0944  Z-  'K.CX,    Another  fourth  gave  0.0510  g.  N. 

Preparation  III, — Six-tenths  of  a  gram  of  calcium  sidfocyanate,  which 
had  been  dried  by  heating  to  100^  in  vacuum  for  several  hours,  was  dis- 
solved in  liquid  imunonia  and  added  to  an  excess  of  potassitun  amide  soia*- 
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tion.    The  pulverulent  precipitate  formed  was  washed  many  times  by 
the  decantation  method  and  dried  at  110°  for  analysis. 

The  specimen  weighed  0.4754  g.    Six-tentlis  gave  0.1258  g.  CaO  and  0.1735  S- 
KCL    Two-tenths  gave  0.0300  g.  N. 

Pound. 

Calc.  tor  ' ■ • 

CaNK:.2NHi.  I.  II.  III. 

Ca 31.5  30.6  31.5  31.5 

N 33.1  32.0  32.5  31.6 

K 30.8  33.4  31.4  31.8 

Although  the  analytical  results  are  distinctly  unsatisfactory  there  can 
scarcely  be  a  doubt  of  the  formation  of  a  potassium  ammonocalciate  of 
the  formula  CaNK.2NH3,  first,  by  the  action  of  potassium  amide  on  metallic 
calcium  as  represented  by  the  equation 

Ca  +  KNH2  =  CaNK  +  2H, 

and  second,  by*the  action  of  excess  of  potassium  amide  on  a  solution 
of  a  salt  of  calcium  as  represented  by  the  equation 

Ca(SCN)2  +  3KNH2  =  CaNK  +  2KSCN  +  2NH,. 

The  salt  is  apparently  amorphous,  but  settles  well  to  a  fairly  dense, 
granular  precipitate  which  is  easily  washed.  It  dissolves  readily  in 
liquid  ammonia  solution  of  ammonium  nitrate.  In  contact  with  water 
it  is  energetically  hydrolyzed  to  calcium  hydroxide,  potassium  hydroxide 
and  ammonia. 

Summary. 

It  has  been  shown  in  this  paper  that  just  as  the  amides  of  zinc  and 
magnesium  are  acted  upon  by  potassium  amide  in  liquid  ammonia  solu- 
tion to  form  an  ammonozincate  and  an  ammonomagnesate  of  potas- 
sium, so  the  amides  of  barium,  strontium  and  calcium,  when  submitted 
to  the  action  of  solutions  of  the  ammono  base,  are  similarly  converted  into 
an  ammonobarate,  an  ammonostrontiate  and  an  ammono  calciate  of  po- 
tassium, respectively. 

General  formulas  for  the  compounds  obtained  are  the  following: 
MeNK.2NH3,  NH2MeNHK.NH8,  Me(NH2)2.KNH2  or  following  Werner, 
lMe(NH2)3]K. 

SrANfOKD  UNXySKSlTT. 
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A  concentration  cell  with  transference,  consisting  of  two  similar  re- 
wsible  electrodes  in  contact  with  two  differently  cQUCCWtrated  solutions 
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of  the  same  salt,  will  give  an  electromotive  force  which  is  the  algebrak 
sum  of  three  potentials:  the  voltages  at  the  two  electrodes  and  the  poten- 
tial at  the  junction  of  the  solutions.  Since,  for  many  theoretical  pur- 
poses, the  potential  at  the  electrodes  alone  is  desired,  many  attend 
have  been  made  to  evaluate  the  potential  at  the  liquid  junction.  For- 
mulas have  been  proposed  for  this  piu-pose  by  Nemst,^  Planck,*  Hender- 
son,' Ctunming,^  and  others.  Bjerrum,^  Gumming*  and  Sackur^  have 
studied  the  effect  of  interposing  strong  salt  solutions  on  the  electromo- 
tive force  of  the  cell  with  a  view  of  eliminating  the  effect  of  the  Uqail 
junction. 

It  has  been  usual  to  test  the  correctness  of  the  value  of  the  potentut 
assigned  to  the  junction,  or  the  efficacy  of  the  artifice  employed  in  eliiinitt- 
ting  it,  by  seeing  whether  the  resulting  voltage  at  the  electrodes  can  In 
calculated  from  the  Nemst  equation  in  its  kinetic  form: 

E  =  ^  hi  ^  (I) 

F         C/ 

where  Q  and  C/  are  the  concentrations  of  the  ions  in  the  two  solutk 
as  calculated  from   conductance   measurements.     (B    »    electrom( 
force,  R  the  gas  constant,  T  the  absolute  temperature,  and  P  the  farada] 
respectively.)     As  the  substitution  of  values  of  ion  concentrations 
termined  from  conductance  measurements  into  the  partially  th< 
d3mamic  equations 

n^?!^ln%    and    E  =  ^hx^ 
F  C/  F         C/ 

for  cells  with  and  without  transference,  has  been  shown*  to  give 
values  of  the  electromotive  force  than  are  found  by  direct  tm 
it  is  altogether  probable  that  Equation  i  will  also  give  too  high 
for  the  voltages  at  the  electrodes  of  a  cell  with  diffusion.    For  this 
the  potentials  of  the  liquid  junctions,  adopted  on  the  assiunption 
Equation  i  gives  the  correct  values  for  the  voltage  at  the  eU 
will  probably  be  too  small.    It  is  also  very  evident  that  the  early 
ers  in  this  field  did  not  require  very  close  accord  of  their  predicted  vali 
of  the  electromotive  force  with  those  found  by  experiment  in  order  to] 
conclude  that  their  theoretical  premises  were  established.     It  therefc 

^  Z.  physik.  Chem,,  a,  613  (1888). 

*  Wied.  Ann.,  40*,  561  (1890). 

*  Z.  physik,  Chem.,  59, 118  (1906),  and  63,  325  (1908). 

*  Trans.  Faraday  Soc.,  8»  86  (1912). 

*  Z.  physik.  Chem.,  53,  428  (1905). 

*  Trans.  Faraday  Soc.,  2,  213  (1907). 
^  Z.  physik.  Chem.,  48,  129  (1904). 

■  See,  for  Instance.  Jahn,  Z.  physik.  Chem.,  33,  545  (1900);  Tolnmn  and  Pttfooa 
Tbi8  Jovkkal,  34i  333  (1913);  Maclnnes  and  Fftrker,  Ibid.,  37, 1445  (19x5}. 
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seems  desirable  to  investigate  the  subject  of  the  liquid  junction  connecting 
two  scdutions  of  the  same  salt  with  a  view  to  finding  an  expression,  in- 
volving the  fewest  possible  assumptions,  for  its  electromotive  force. 
If  we  allow  the  cell 


Aff 


AgQl     KQ 
solid,      o.i  N 


KCl,  Aga 

o.oi  N,     solid 


Ag 


to  operate  reversibly  xmtil  one  faraday  has  passed  through  it,  one  equiva- 
lent of  chloride  ions  will  enter  the  dilute  solution  and  a  similar  amount 
will  be  electrolyzed  out  of  the  more  concentrated  solution.  The  cur- 
rent will  be  carried  across  the  liquid  junction  by  the  movement  of  He 
equivalents  of  potassium  ion  in  direction  of  the  current  and  by  the  migra- 
tion of  (i  —  tic)  equivalents  of  chloride  ion  in  the  reverse  direction,  n^ 
being  the  transference  number  of  the  cathion.  The  total  effect  of  the 
passage  of  the  faraday  of  electricity  will  be  the  transference  of  »«  equiva- 
lents of  salt  from  the  more  concentrated  to  the  dilute  solution.  Now 
the  osmotic  work  at  the  liquid  junction  will  depend  on  the  algebraic 
sum  of  the  number  of  equivalents  of  ion  that  have  been  carried  across  it 
from  the  concentrated  to  the  dilute  solution,  in  this  case  equal  to 
*< — (jc — w«)  =  2»e — I-  This,  of  course,  involves  the  assumption 
that  the  osmotic  work  involved  in  the  transferring  of  a  gram  equivalent 
positive  ion  from  a  dilute  to  a  concentrated  solution  is  the  same  as  the 
work  necessary  for  the  transfer  of  a  corresponding  amount  of  negative 
ion.*  Now  in  order  to  obtain  the  electrical  work,  and  with  it  the  voltage, 
by  which  this  osmotic  work  is  accomplished,  let  us  consider  the  cell  with- 
out transference: 


Ag 


Aga,     KCl 
solid,     0.1  N 


K(Hg)*  —  K(Hg), 


KCl,         AgCl 
O.OI  N,    solid 


Ag 


The  operation  of  this  cell  consists  in  the  formation  of  one  equivalent 
each  of  potassium  ion  and  chloride  ion  in  the  dilute  solution  during  the 
passage  of  one  faraday  of  electricity,  and  at  the  same  time. the  removal 
of  one  equivalent  of  each  ion  from  the  more  concentrated  solution.  The 
electrical  energy  accompanying  the  transfer  of  the  two  equivalents  of 
ionfrcmi  one  solution  to  the  other  will  be  the  electromotive  force  of  the 
cell,  El,  multipUed  by  the  value  of  the  faraday,  F. 

The  electromotive  force  of  the  liquid  junction,  Ei,,  can  now  be  ob- 
tained by  the  simple  proportion: 

EF  :  E1.F  -  2  :  2n^  —  I    or    Ei.  =  E  (2n^  —  i)/2  (2) 

Since  our  problem  is  that  of  apportioning  the  total  voltage  of  a  cell 
with  transference  between  the  electrode  potentials  and  the  Uquid  junc- 
tion, we  may  replace  the  E.  M.  F,  of  the  cell  without  transference,  E, 
by  that  of  the  cell  with  transference,  E/,  with  the  aid  of  the  relation: 
Ej  =  E«i;.*  This  formula,  the  derivation  of  which  involves  only  the  two 
^  See  Madmies  and  Parker,  Tma  Journal,  37»  1445  (1915). 
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laws  of  thermodynamics,  has  been  tested  experimentally  for  cells  of  both 
types  involving  solutions  of  KCl  and  HCl.  Making  the  substitution, 
(2)  becomes 

Et,  =  (E//2«,)(2«,—  i)  =  E,(i  —  i/2n,),  (3) 

an  equation  which  contains  no  assumption  regarding  the  concentration 
of  the  ions  of  the  two  solutions. 

A  direct  test  of  this  simple  equation  is,  of  course,  not  possible,  but 
an  indirect  one  is  afforded  by  the  following  considerations:  The  elec- 
trode potential,  i.  e,^  the  E.  M.  F.  of  the  cell  minus  the  potential  of  the 
liquid  junction,  for  cells  of  the  type 


Ag 


AgCI,  MCI 

Cl 


MCI,  Aga 

Ct 


Ag 


will  be  expected  to  be  the  same  whether  hydrogen  or  any  one  of  the 
alkali  metals  is  chosen  for  the  radical  M,  if  the  concentrations  Ci  and  ci 
are  the  same  in  each  case  and  below  about  0.05  AT.  The  potential  at 
each  electrode  is,  of  course,  the  result  of  the  tendency  of  the  electrode 
material  to  form  chloride  ions  and  the  opposing  tendency  of  the  osmotic 
pressure  of  the  chloride  ions  already  in  solution.  The  sum  of  the  elec- 
trode potentials  will  thus  be  determined  by  the  difference  of  the  osmotic 
pressures  of  the  chloride  ions  in  the  two  solutions.  This  difference  of 
osmotic  pressure  will,  in  all  probabihty,  be  very  nearly  the  same  for  dilute 
solutions  of  chlorides  of  univalent  metals  at  corresponding  concentra- 
tions, since  the  degrees  of  dissociation  in  dilute  solution  as  determined  by 
the  conductivity  method  have  been  found  to  be  the  same  for  these  sub- 
stances. The  correct  expression  for  the  potential  of  the  liquid  junction 
in  cells  of  the  above  type  is,  therefore,  one  which  will  yield  values  for  the 
stmi  of  the  electrode  potentials  which  are  independent  of  the  nature  of 
the  cation.  Jahn's^  accurate  work  on  concentration  cells  of  hydrochloric 
acid,  potassium  chloride  and  sodium  chloride  is,  fortunately,  well  adapted 
to  a  test  of  these  CDnclusions. 

Table  I,  which  is  self-explanatory,  gives  the  result  of  the  author's 
calculations,  based  on  Jahn's  data.  The  transference  numbers  are  from 
Noyes  and  Palk's*  compilation.  It  will  be  observed  that  in  each  group 
of  cells,  in  which  the  solutions  of  electrolytes  have  the  same  concentra- 
tions, the  calculated  sums  of  the  electrode  potentials  have  the  same  value 
within  a  few  tenths  of  a  millivolt.  This  is  true  even  though  the  Hquid 
jtmction  correction  in  the  case  of  the  hydrochloric  acid  cells  is  40%  of 
the  total  voltage  and  of  opposite  sign  to  that  necessary  for  the  sodium 
chloride  solutions.  The  agreement  is  as  dose  as  can  be  expected  from 
our  present  knowledge  of  the  transference  numbers.  A  similar  agree- 
ment of  the  values  of  the  sum  of  the  electrode  potentials  when  the  salt 

^  Loc.  cU.,  p.  2286. 

*  This  Journai,,  33,  1454  (19")- 
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Tabls  I. — Calculation  of  thb  Liquid  Junction  and  ELScntODS  FoTSMTiALft  of 

ChLORIDB  CoNCBNTRATION  CBLLS.      (SiLVBR-SiLVBR  ChLORIDB  EL8CTROD8S.) 

' '  Blectrode      Average 

Caaceo-  potential"  ■•    dcviatioii 

trations.  .  Transference  Liquid  B.  M.  P.  —        from 

'                Mols          number  of         B.  M.  P.  junction  liquid  June-       mean» 

Sabstance.                   per  liter.         cathion.             of  cdl.  potential.  tion  potential,    millivolts. 

HCl 0.01665        0.833      — 0.09235  — 0.03694  — 0.05541 

0.001665 

NaCl 0.01673        0396      — 0.04360  +0.01146  — 0.05506      0.22 

0.001674 

KCl 0.01670        0.496      — 0.05424  +0.00044  — 0.05468 

0.001674 

HCl 0.03330        0.833      — 0.09162  — 0.03664  — 0.05408 

0.003329  0.2$ 

KCl 0.03347        0.496      — 0.05403  +0.00043  — 0.05447 

0.003347 

HCl 0.008315      0.833      — 0.06487  — 0.02595  — 0.038Q2 

0.001665 

NaCl 0.008364      0.396      — 0.03073  +0.00808  — 0.03881      0.04 

0.00x674  , 

KCl 0.008329      0.495      — 0.03844  +0.00039  — 0,03883 

0.001670 

flCl 0.006686      0.833      — 0.05614  — 0.02245  — 0.0336Q 

0.001665 

NaCl 0.006686      0.396      — 0.02652  +0.00697  — 0. 03340      0.08 

*  0.001674 

KCl 0.006700      0.495      — 0.03330  +0.00034  — 0.03364 

0.001670 

Tablb  II. — Calculation  of  thb  Liquid  Junction  and  Elbctrodb  Potbntials  op 
Chloridb  Concbntration  Cblls.    (Calombl  Elbctrodbs.) 

"Blectrode        Avenge 

Concen-  potential"       deviation 

trations.     Transference  Liquid  «  B.  M.  P.  —       from 

Mols           number  of        £.  M.  P.  junction  liquid  junc-        mean . 

^*fttaiMT                    pei  liter.        catbion.            of  ceU.  potential.  tion  potential,  millivolts. 

KCl 0.01999        0.496      — 0.01608  +0.00013  — 0.01621 

o.oiooo  0.06 

NaCl 0.02000        0.395       — 0.01293  +0.00339  — 0.01632 

o.oiooo 

KCl 0.03000        0.496      — 0.02561  +0.00020  — 0.02581 

O.OIOOO  0.07 

NaCl 0.03003        0.396      — 0.02056  +0.00538  — 0,02504 

O.OIOOO 

KCl 0:05009        0.496      — 0.02125  +0.00017  — 0.02142 

0.03000  0.17 

NaCl 0.05007        0.396      — 0.01670  +0.00437  — 0.02208 

0.02000 
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[Contribution  prom  the  Chsuicai,  Laboratory  op  thk  UNivsxsnT  op  Cm- 

PORNIA.  ] 

THE  FREE  ENERGY  OF  NITROGEN  COMPOUNDS. 

By  GXI3SKT  N.  Lswis  and  Bluot  Q.  Adaics. 
Received  July  19.  1915. 

No  Other  forms  of  elementary  nitrogen  are  known  to  exist  except  the 
gas  N2  and  its  liquid  and  solid  modifications.  As  in  the  case  of  oxypi 
and  hydrogen,  we  shall  postpone,  for  the  present,  the  calculation  of  tie 
free  energy  of  liquid  and  solid  nitrogen.  Undoubtedly,  at  very  high  tem- 
perature, nitrogen  would  dissociate  into  the  monoatomic  gas,  but  it 
been  shown  by  Langmuir^  that  at  3500^  A,  a  temperature  at  which  h; 
drogen  is  largely  monoatomic,  nitrogen  at  atmospheric  pressure  shi 
no  sign  of  dissociation,  although  dissociaton  to  the  extent  of  5%  wi 
have  been  noticeable. 

Concerning  a  large  number  of  the.  unportant  compounds  of  nitiogcQ 
we  have  information  which  enables  us  to  calculate  their  free  energiai 
Of  the  oxides  there  is  only  one,  N2O,  which  enters  into  no  known  re 
ble  reaction  which  permits  the  calculation  of  its  free  energy.  In  the 
of  Nad  and  N2O6  equilibria  are  known  which  would  permit  the  cali 
tion  of  the  free  energy,  but  these  have  not  yet  been  sufficiently  stu 
Of  the  compounds  of  hydrogen  and  nitrogen  only  one  has  been  suffideni 
investigated,  namely;  ammonia. 

Ammonia. 

*/»H2  +  ^/%Si  =  NHsCg). — ^The    equilibrium    between    ammonia 
its  elements  has  been  fully  studied,  chiefly  in  the  laboratories  of  H 
and  of  Nemst.    The  most  recent  and  reliable  investigations  are  those 
Jost*  and  of  Haber  and  Le  Rossignol.*    The  data  obtained  by  these 
vestigators  will  be  considered  after  we  have  obtained  the  general 
energy  equation. 

From  the  specific  heat  formulae  given  by  Lewis  and  Randall,^ 

H2;  C^  =  6.50  +  0.0009T 
N2;  C^  =  6.50  +  o.ooioT 
NH,;  C^  =  7.5  +  0.0042T 
Ar  =  — 5.5  +  0.00235T 

In  this  case  the  same  heat,  of  reaction  was  fotmd  by  Thomsen  and  \4 
Berthelot,  namely,  AH2M  =  — 12200  cal.;  hence  AH©  =  — 10700,  and 

AF*'  =  —10700  +  5.5ThiT— 0.001175T*  +  IT. 

The  results  of  the  equilibrium  meastu'ements  of  Jost  and  of  Haber  aal 
Le  Rossignol  are  given  in  Tables  I  and  II.     Of  the  latter  measurementl 

»  Langmuir,  This  Journal,  34,  860  (191 2). 

*  Jost,  Z.  anorg.  Chem.,  57,  414  (1908). 

*  Haber  and  Le  Rossignol,  Z.  EUktrochem.,  14,  181  (1908). 

*  Lewis  and  Randall,  This  Journal,  34t  1128  (1912). 
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some  were  made  at  30  atmos.  (marked  *)  and  the  rest  at  atmospheric 

pressure.    In  each  table  the  first  column  gives  the  absolute  temperature ; 

the  second  gives  —  log  K^,  where  K^  =  [NHsl/lHsl'^MNs  ]'''•,  and  the  last 

column  gives  the  values  of  I  calculated  from  these  data  with  the  above 

formula. 

Tabids  II. 
Haber  and  Le  Rossignol. 


Tablb  I. 

Jost. 

T. 

-logK^. 

I. 

958 

3.262 

— 10.50 

1082 

3.577 

— 10.89 

1 109 

3.653 

— 10.88 

1149 

3.771 

—10.83 

"93 

3.878 

— 10.83 

1273 

4.009 

— 11.07 

1313 

4.085 

— 11.09 

T. 

—  log  Kp. 

I. 

973* 

3.167 

— 11.20 

1023 

3.330 

— II .21 

1074* 

3.449 

11.37 

1074 

3.478 

11.24 

1123 

3.554 

11.31 

"74* 

3.672 

—11.57 

1203 

3.699 

11.77 

12.73 

3.830 

—11.88 

The  agreement  between  the  several  values  of  I  is  not  completely  satis- 
factory. Both  sets  of  measurements  show  a  decided  trend  in  I  and  it  is 
difficult  to  judge  whether  this  is  due  to  experimental  error  or  to  errors 
in  the  values  of  AH©  and  of  AT  which  we  have  chosen,  although  it  is  to 
be  pointed  out  that  the  dijfference  in  one  set  of  measurements  at  the  ex- 
treme temperatures  is  no  greater  than  the  difference  between  the  two 
sets  at  one  temperattu'e.  Owing  to  the  trend  we  shall  choose  a  value 
of  I  somewhat  lower  than  the  mean  and  write 

AF**  =  —10700  +  5.5TlnT  — 0.001175T*  —  11. oT         (i) 

Hence  AF*'298  =  — ^4740,  a  value  which  may  be  in  error  by  several  hun- 
dred calories. 

NHj(g)  =  NHsCl). — Owing  to  the  great  importance  of  liquid  am- 
monia as  a  solvent  it  is  desirable  to  calculate  its  free  energy  also.  The 
vapor  pressure  of  liquid  ammonia  at  25  °  is  9.8  atmos.  according  to  the 
tables  of  Regnault  and  of  Pictet.  If  ammonia  were  a  perfect  gas  the  in- 
crease in  free  energy  in  this  reaction  would  be — R'Tln  (l/p)  =  1350,  but, 
while  the  deviation  of  ammonia  from  the  gas  law  may  be  sufficiently 
small  at  one  atmosphere  to  warrant  our  ignoring  it  for  the  present,  this  is 
not  the  case  between  i  and  10  atmospheres.  Unfortunately  the  compressi- 
bility data  for  ammonia  are  meagre,  but  we  are  able  to  make  a  rough 

estimate  for  j  vdp  between  i  and  9.8  atmos.,  which  leads  to  a  result  about 

100  cal.  less  than  the  one  given  above  on  the  assumption  of  the  gas  laws. 

We  shall  therefore  write  AF®208  =  1250.  (2) 

VjH2+  VjN,  =  NH8(1).— Combining  (i)  and  (2),  AF^^s  =  — 3490.  (3) 
NHaCg)  =  NH8(aq). —  Ammonia    solutions    appear   to    obey    Henry's 

Law  over  a  wider  range  of  concentration  than  might  have  been  expected. 

According  to  the  very  consistent  measurements  of  Gaus,  of  Abegg  and 
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Riesenfeld,  and  of  I/>cke  and  Forssall^  at  25  °,  the  constant  K  -  C/'p, 
where  C  is  mols  per  liter  and  p  is  pressure  in  atmospheres,  varies  onlj 
very  slightly  between  C  =  i  and  C  »  o.i,  and  the  Umiting  value  at 
C  =  o  is  56.7  with  a  probable  error  of  about  1%.  Hence,  AFw  = 
— R'T  In  K  =  —  2390.  (4) 

VaHj  +  VtNj  =  NH,(aq).— Adding    (i)    and    (4)    gives    AF°»i   = 

—7130.  (5) 

KHsCaq)  +  HjOCl)  =  NN40H(aq).— As  has  been  pointed  out  in  the 
case  of  carbonic  add,*  it  is  entirely  immaterial,  from  a  thermod3maii!k 
point  of  view,  whether  in  dilute  solution  we  consider  a  substance 
as  hydrated  or  unhydrated.  Provided,  therefore,  that  we  neglect  the 
difference  in  free  energy  between  pure  water  and  the  water  of  the  solu- 
tion, it  is  evident  that  it  is  a  mere  matter  of  choice  whether  we  write 
the  equations  involving  NH»(aq)  or  NH40H(aq),  for  in  any  such  reac- 
tion as  this  we  may  write  AF**  ==  o.  (6) 

ViHi  +  VaNj  +  V1O2  =  NHiOHCaq).— Combining  Equations  5  and  6 
with  Equation  54  of  the  paper  on  Oxygen  and  Hydrogen  Compounds,'  we 

find  AF°298  =  —63750.  (7) 

Ammonium  Ion. 

NHiOHCaq)  =  NH4+  +  OH-.— The  dissociation  constant  of  ammo- 
niiun  hydroxide  at  25°  is  given  by  Noyes  and  Elanolt^  as  18.  i  X  10"*, 
whence  AF%9i  =  6470.  (8) 

aHs  +  ^/JSi  +  ®  =  NHi"*". — We  may  combine  Equations  7  and  8 
with  Equation  38  of  the  previous  paper  on  oxygen  and  hydrogen  com- 
pounds.   Thus, 

V2H2  +  V2N2  +  V«0,  =  NH40H(a^);  AF%98  =  —  63750 

NH40H(a^)  =  NH4+  +  0H-;  AF%w  =         6470 

OH-  +  e  =  V«02  +  V«H,;  AF%98  =       37385 

2H,  +  V,N,  +  e  =  NH4+;   AF**„8 19895-      (9) 

Oxides  of  Nitrogen. 
^/iSi  +  V2O2  =  NO.  —  One  of  the  most  important  of  technical 
gas  reactions  is  the  direct  tmion  of  oxygen  and  nitrogen  in  the  electric 
arc.  Haber  has  expressed  the  conviction  that  the  equiUbrium  obtained 
in  the  arc  is  not  a  purely  thermal  equiUbrium,  but  that  some  of  the  elec- 
trical energy  is  in  some  way  utilized  directly  to  produce  a  larger  yield  of 
nitric  oxide  than  corresponds  to  the  temperature.  However  this  may 
be,  it  is  evident  that  experiments  with  the  electric  arc  alone  could  hanfly 
give  sufficiently  accurate  results  for  a  free  energy  calculation.    Nernst* 

^  See  Abegg,  Handhuch  anorg.  Chem. 

'  Lewis  and  Randall,  Tms  Journal,  37,  466  (1915). 

'  Lewis  and  Randall,  Ibid.,  36,  is)69  (1914). 

*  Noyes,    "The   Electrical   Conductivity  of    Aqueous  Solutions,"    Camegie  /■- 
sUiution  Publications,  p.  290  (1907). 

*  Nernst,  Z.  anorg,  Chem.,  49,  213  (1906). 
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larried  out,  over  a  wide  range  of  temperature,  measurements  of  the  amount 
3f  NO  produced  by  heating  air  at  atmospheric  pressure  to  a  given  tempera- 
ture for  a  sufficient  time  to  establish  equilibrium. 

The  free  energy  equation  in  this  case  is  extremely  simple,  since  we  have 
taken  the  same  formula  for  the  heat  capacities  of  N2,  NO  and  O2,  AF  —  o. 
AF**  =  AHo  +  IT.  AH  for  this  reaction  is  given  both  by  Thomsen 
ind  by  Berthelot  as  21600  cal.,  which  is  independent  of  the  tempera- 
ture. The  equilibrium  meastu'ements  of  Nemst  axe  given  in  Table  III, 
irhere  the  first  coltmm  gives  the  absolute  temperature,  the  second  the 
percentage  by  volume  of  NO  in  equilibrium  with  air  at  one  atmosphere, 
the  third,  K^  =  [NO]/[N2f/M02]*/*  and  the  fourth  the  constant  I. 

Tablb  III. 

I. 

59 

55 
40 

47 
56 

44 


T. 

Per  cent  NO. 

^. 

181 1 

0.37 

0.0092 

1877 

0.42 

0.0105 

2033 

0.64 

0.0161 

2195 

0.97 

0.0246 

2580 

2.05 

0.0539 

2675 

2.23 

0.0590 

Mean,    — 2.50 

Thus  AF**  =  21600  —  2.50T;    AF°29«  =  20850.  (10) 

NO  +  ^AOi  =  NO2. — Nitrogen  dioxide,  according  to  the  density 
measurements  of  Richardson,^  dissociates  appreciably  above  150®  C. 
into  nitric  oxide  and  oxygen.  Table  IV  gives  in  the  first  column  the  abso- 
krte  temperatures,  in  the  second  the  percentage  of  NO2  dissociated,  as  calcu- 
lated from  the  density,  in  the  third  R'  hi  Kp,  where  K^  =  [NOj]/  [NO]  [O2]*/", 
and  in  the  foiuth  the  values  of  I  obtained  from  the  equation  which  we  are 
about  to  write. 

Tablb  IV. 

T.  Per  cent,  dittoe.  R' In  K^.  I. 

457  5  9.58  --O.^ 

552  13  6.60  — 1.9 

767  56.5  I  01  — 2.5 

Assuming  that  the  heat  capacity  of  NOs  obeys  the  same  equation  as 
that  of  CO2,  then  for  this  reaction  Ar  =  —  2.75+0. 0056T 
•^o. 000001 86T^.  The  heat  of  this  reaction  calculated  from  Thomsen's 
BKasurements  is  given  as  13450  cal.  in  Abegg's  Handbuch,  while  the  value 
nooo  is  calculated  by  the  equation  of  van't  Hoff  from  the  last  two  data 
<rf  Table  IV.  We  may  take  as  a  rough  average  12000  cal.  at  ordinary 
temperatures,  corresponding  to  AH©  =  — 114XX).  Taking  the  mean 
<rf  the  last  two  values  of  I,  since  the  first  is  subject  to  much  larger  experi- 
mental error, 

» Richardson,  7.  Chem.  Soc,,  51,  397  (1887). 
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AFo  =  —1 1400  +  2.75T  In  T  —  0.0028T*  +  0.00000031T*  —  2.2T     (11) 

and  AF°298  =  —  7600.  This  is  an  illustration  of  a  reaction  wiiidi  is 
accompanied  by  a  comparatively  small  free  energy  change  and  neverthe- 
less takes  place  rapidly. 

V2N2  +  Oj  =  NO2. — ^Adding  Equations  10  and  1 1 
AF^  =  10200  +  2.75ThiT  — 0.0028T* +0.00000031T*  — 4.7T     (12) 

AF°298  =  13250- 
2NO2  =  N2O4. — ^The  equilibrium  between  nitrogen  dioxide  and  tetrozide 
was  ofie  of  the  earliest  to  be  studied  from  the  thermodynamic  standpoint^ 
and  has  been  th)e  subject  of  numerous  publications.  This  is  a  case  where 
the  heat  of  reaction  can  best  be  determined  from  the  equilibrium  mea- 
surements themselves,  altliough  the  value  thus  obtained  is  in  good  agree- 
ment with  those  obtained  from  a  study  of  the  specific  heat.^  Schreber* 
has  made  a  critical  summary  of  the  dissociation  constant  calculated  from 
the  numerous  measurements  of  the  gas  density.  In  accordance  with 
this  work,  we  shall  take  for  the  average  value  between  o**  and  100**  C,  AH  = 
— 13600.  The  heat  capacity  of  2  mols  of  NO2  is  doubtless  greater  than 
for  one  mol  of  N2O4,  but  since  this  reaction  can  be  studied  only  over  a  small 
range  of  temperature,  we  shall  regard  AH  as  constant,  and  write 

AF°  =  —13600  +  41. 6T;   AF°898  =  —1200.  (13) 

The  value  of  I  is  obtained  from  the  following  table.  The  values  of  K^ 
are  obtained  by  dividing  760  by  the  values  of  K^^  given  by  Schreber. 

Tablb  V. 

T.  ^p.  I. 

273.0  65.0  41.5 

291.3  13.8  41.4 

322.9  1.25  41.7 

346.6  0.296  41.6 

372.8  0.075  41-6 

N2  +  2O2  =  N2O4. — Combining  Equations  12  and  13  we  find 
AF°298  =  25300.  (13a) 

Nitrous  and  Nitric  Acids  and  Their  Ions. 

Neither  the  free  energy  of  nitric  acid  nor  that  of  nitrous  acid  can  be  de- 
termined alone  from  any  existing  measurements  of  chemical  equilibrium, 
but  from  the  series  of  reactions  considered  below  we  may  obtain  equa- 
tions which  permit  a  simultaneous  solution  for  both  of  these  quantities. 

2AgN02{s)  =  Ag+  +  NOa-  +  Ag  -f  NO(g).--Solid  silver  nitrite 
when  heated,  especially  in  the  presence  of  water,  decomposes  to  form  sfl- 
ver  nitrate,  metallic  silver  and  nitric  oxide,  Abegg  and  Pick'  Aowed 
that  at  55°  C.  equilibrium  in  this  reaction  was  established  in  a  few  days 

*  See  Abegg' s  Handbuch,  111-3,  p.  135. 

*  Schreber,  Z.  phys.  Chem.,  24,  651  (1897). 

'  Abegg  and  Pick,  Z,  anor^-  Chem.,  51,  i  (1906). 


,   "    *^  iiavt  /'  '"  *  ■^tT'^**  ^Pj,,  ^  amount 

iT^^  -"',-,  .  '^  ''■*"  t>  .,„   '*^«ted  rf-._J"  se  could 

Wj^'^r^--'-'^'  ---^    '.-"^  ''■tAf  ~  volume 

"^  ^>^  ^3^       T   *2lt'T,  ^   in  com- 

-■r  a  ^^  _     -*  m 

-"■ifc  outside 
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aAgNOiW  =  Ag+  +  NO,"  +  Ag  +  NO(g);  AF^9«  =  4250.  (14) 

AgNOjCs)  =  Ag+  +  NOj". — ^Abegg  and  Pick  determining  the  soh- 
bility  and  the  complex  formation  of  silver  nitrite  obtained  for  the  sohi- 
bility  product  at  25  °C.,  (Ag+)(N02-)  =  2.0  X  Io-^  whence  AF*»i=' 

5050-  '  (15) 

2N02~  +  ©  =  NO«-  +  NO(g).— Combining  (14),  (15)  andEquatkB 

50  of  a   preceding  paper ^  for  the  free  energy  of  silver  ion,   AF**«i  = 

12570.  -  (16) 

2NOa"  +  ®  =  WOs"  +  V2N2  +  VfOj.— Combining  Bquations  11  asd 
16,  AF%M  =  —8280.  (17) 

H+  +  NO3-  +  2N0(g)  +  H2O  =  3HNO,(aq).— The  reaction  whidi 
ocoirs  in  the  decomposition  of  aqueous  nitrous  acid  is  reversible.  Nitiie 
oxide  at  a  definite  pressure,  in  contact  with  a  solution  of  nitric  add,  leads 
to  an  equilibrium  concentration  of  nitrous  add.  This  equilibrium  was 
studied  over  a  wide  range  of  concentration  by  Saposhnikov'  by  passinf 
nitric  oxide  through  nitric  acid  solution  and  determining  the  amoont 
of  nitrous  add,  either  by  analysis  or  by  measurements  of  the  conductivity 
of  the  solution  at  the  beginning  and  end  of  the  experiments.  The  latter 
method  was  also  employed  by  Lewis  and  Edgar'  with  the  purpose  of  oIk 
taining  a  more  exact  determination  of  the  equilibritmi  constant.  Start- 
ing with  o.  I  M  HNOs  and  passing  NO  through  at  approximately  atmo- 
spheric presstue,  they  were  able  to  determine  the  change  of  conductance 
with  unusual  exactness.  In  five  experiments  the  decrease  in  conductance, 
which  is  itself  a  small  fraction  of  the  total  conductance,  showed  an  aver- 
age deviation  from  the  mean  of  less  than  one-half  of  one  per  cent. 
is  no  doubt,  therefore,  that  a  definite  equilibrium  is  established.  Unfcp 
tunately,  however,  it  is  not  certain  that  the  measured  conductance  is 
exact  criterion  of  the  concentration  of  nitric  add  in  the  mixture  wl 
contains  both  HNOs  and  NO.  If  these  substances,  even  to  a  small 
gree,  change  the  conductivity,  the  calculation  of  the  equilibrium  constant; 
will  be  largely  affected. 

According  to  the  measurements  of  Lewis  and  Edgar,   the   scdution 

originally  o.i  M  with  respect  to  nitric  add  becomes,  in  equilibrium 

with  NO  at  o. 961  atmos.,  0.0830  M  with  respect  to  nitric  add,^  0.0495  M 

with  respect  to  tmdissociated  nitrous  add.     Assuming  that  the  corrected 

degree  of  dissociation  of  HNOs  at  this  concentration  is  0.74  we  find 

for  the  equilibrium  constant,  K  =  (HN02)V(H+)(N0,-)[N0]*  «  0.0346. 

1  Lewis  and  Randall,  This  Journal,  36,  1983  (1914);  Ag  +  ®  ■=  Ag"*";  AP^m  • 
18424. 

'  Saposhnikov,  /.  Russ.  Pkys.  Chem.  Soc.,  32,  375  (1900);  33,  506  (1901). 

*  Lewis  and  Edgar,  This  Journal,  33,  292  (1911). 

*  A  careful  reconsideration  of  the  conductance  data  indicates  that  the  value  ao836 
M  should  have  been  chosen  as  the  conc^tration.  Owing  to  other  uncertainties  it 
does  not  seem  necessary  to  make  this  change. 
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Bzperuneats  by  Lewis  and  Bdgar  with  0,2  M  nitric  add,  which  were  re- 
garded as  incomplete,  but  are  nevertheless  significant,  give  a  considerably 
lower  value  of  K.  The  values  found  for  the  concentrations  of  nitric  and 
nitrous  acid  in  equilibrium  with  NO  at  0.969  atmos.  were,  respectively, 
0.1785  and  0.0651.  In  so  concentrated  a  solution  the  corrected  degree 
of  dissociation  is  hard  to  estimate.  Assuming  it  to  be  0.66,  K  »  0.02 16. 
Saposhnikov's  constants,  when  recalculated  in  terms  of  the  cprrected 
degree  of  dissociation,  were  0.0320  at  0.05  M,  0.0268  at  o.i  M,  and  0.0290 
at  o.2Af.  Since  Saposhnikov  used  both  conductivity  and  analysis 
we  may  give  more  weight  to  his  measurements  than  their  apparent  ac- 
curacy would  warrant.  We  probably  shall  not  be  far  wrong  in  assuming 
as  the  final  value  K  =  0.030,  whence 

H+  +  NOs"  +  2N0(g)  -f  H,0  =  3HN0,(a^);   AF%m  =  2080    (18) 

HN02(aq)  =  H^  +  NO2". — Owing  to  the  instability  of  nitrous  acid, 
its  dissociation  constant  has  not  been  determined  with  high  accuracy, 
but  there  is  apparently  no  large  error  in  the  determination  of  Schumann,^ 
who  measured  the  conductivities  of  freshly  prepared  mixtures  of  equiva- 
lent solutions  of  sodium  nitrite  and  hydrochloric  acid.  He  found  K298  =" 
(N0,-)(H+)/(HN02)  =  0.00045.     Hence  AF%9s  =  457o.  (19) 

VjNj  +  '/2O2  +  ©  =  NO3"". — From  the  equations  which  have  so  far 
been  obtained  it  is  possible  to  determine  the  free  energy  of  formation 
of  both  nitrate  and  nitrite  ion.  Ordinarily  it  is  possible  to  determine  the 
free  energies  of  a  series  of  compotmds  one  by  one,  but  in  this  case  it  is 
impossible  from  the  reactions  which  have  been  studied  to  obtain  the  free 
energy  of  either  nitrate  or  nitrite  ion  without  accumulating  data  which 
suffice  for  the  determination  of  the  other.  In  other  words,  we  have  equa- 
tions which  are  to  be  solved  simultaneously  for  two  unknown  quantities. 
In  order  to  find  the  free  energy  of  formation  of  NOs"*  we  shall  combine 
Equations  18,  19,  16  and  10  of  this  paper  with  Equations  8  and  53  of  the 
paper  on  hydrogen  and  oxygen  compounds.* 

2H+  +  2NOg-  +  4N0(g)  +  2H20(/)  =  6HN0t(a^);  AF  =         4160 
6HN02(a^)  =  6H+  +  6NO2- ;  AF  =       27420 

6NO2-  +  3  ©  =  3NO,-  -f  3N0(g);  AF  =       37710 

V2N2  +  V2O2  =  NO(g);  AF  =        20850 

4H+-I-4©  =  2H2;  AF=  o 

2H2  -1-02  =  2H20(Z);  AF  =  —i  13240 

Hence  by  addition 

y«N2  +  V«02  +  ©  =  NOt-;  AF°,M  =  —23100     (20) 

V1N2  +  O2  +  ©  =  NOj". — Subtracting  17  from  20  and  dividing 
by  two,  AF%w  «  —7410.  .   (21) 

*  ^^'f  33*  527  (1900). 

^  Lewis  and  Randall,  Tms  Journal,  36,  1969  (1914)* 
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V2H2  +  V2N2  +  Oj  =  HN02(aq). — Combining  Equations  21  and 
19,  and  taking  once  more  the  free  energy  of  formation  of  H"*"  equal  to 
zero,  AF%98  =  —J  1980.  (22) 

It  is  to  be  noted  that  Equations  20,   21   and   22   all   depend  upon 
Equations  18  and  19,   which   are    open    to  some   question.     It   seems, 
therefore,  extremely  desirable  to  obtain  by  a  diflferent  method   an  equar! 
tion  connecting  the  free  energy  of  nitrate  and  nitrite  ions.     Experimenta] 
which  we  now  have  under  way  promise  a  more  accurate  detenninatioiil 
of  these  free  energies. 

We  wish  to  express  our  indebtedness  to  the  Rumford  Fund  of  the  Amer- 
ican Academy  of  Arts  and  Sciences  for  financial  aid  in  this  investi| 

Summary. 

The  following  table  gives  the  free  energy  of  formation  of  the  varioas^ 
compounds  of  nitrogen  considered  in  this  paper: 

Tablb  VI. 

Substance.                            F**s»«.       Bqnatioii.     SiibsUnce. 
NH,(g) —4740  I  N0(^) 


NH,(fl 


3490 


NH,(a^) —  7130 

NH40H(a3) --63750 

NH4+ —19895 

BBBKm.8Y,  Cal. 


5 
7 
9 


N0,(£). 
N,04te) 
NOj-.. 
NOj-.. 
HNOi.. 


P«t«a. 

Bqvatk 

20850 

10 

13350 

Z3 

2^300 

I3fl 

— 23100 

30 

—  7410 

31 

— 1 1980 

32 
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Introduction. 

As  a  first  step  toward  the  preparation  of  a  set  of  free  energy  tables 
organic  substances  it  is  important  to  determine  the  free  energy  of  f< 
tion  from  their  elements  of  a  few  typical  organic  compotmds.     This 
been  accomplished  in  the  case  of  one  important  compound  through  tlic] 
study  of  the  reversible  synthesis  of  urea  by  Lewis  and  Burrows.^     F< 
acid  is  another  simple  organic  compoimd  whose  free  energy  of  formatii 
may  be  obtained  by  a  similar  method. 

It  is  well  known  that  formic  acid  decomposes  on  heating  into  carl 
monoxide  and  water,  and  also  that  sodium  formate  is  obtained  by  the 
tion  of  carbon  monoxide  on  sodium  hydroxide.     Preliminary  experiment 
showed  that  formic  acid  is  produced  in  small  amounts  on  heating  wal 
and  carbon  monoxide  together.     It  is  therefore  apparent  that  the  syn- 
thesis of  formic  acid  from  carbon  monoxide  and  water  is  reversible. 
»  This  Journal,  34,  1515  (1912). 
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The  most  satisfactory  condition  for  the  accurate  measurement  of  this 
equilibrium  was  obtained  by  heating  dilute  solutions  of  formic  add  in 
dosed  vessels. 

E^erimental  Method. 
The  apparatus  consisted  of  a  reaction  tube,  A,  connected  as  shown  in 

Fig.  I,  to  a  capillary  tube,  B,  in  which  a  bulb,  C,  had  been  blown  (both 

capillary  tube  and  bulb  being  calibrated),  in  such  a  manner  that  it  could 

be   immersed   in   the 

vapor  bath,    D.     To 

the  reaction  tube  a 

small    tube,    E,    was 

sealed.  The  apparatus 

was  made  of  quartz. 
Mercury  was   then  I 

introduced,   so  as   to 

fill     the     connecting 

tube  completely,  the 

capillary    tube    to    a 

graduation  mark   be- 
low the  bulb,  and  the 

reaction    tube    to    a 

height    sufficient     to 

prevent    any    of    the 

sc4utioa  from  leaving 

it  at  the  highest  pres-         1    i 

sures   reached.      The        ^ — ' 

tip  of    the   capillary 

tabe,  which  had  been 

previously  drawn  out 

to  a  fiite  point,   was 

quiddy   sealed,  thus  forming  a  manometer  capable  of  measuring  high 

pressures. 

The  reaction  tube  was  filled  to  the  top  of  the  tube  S  with  the  reaction 
mixture.  Some  of  the  solution  in  the  tube  B  was  then  rapidly  boiled 
oat,  and  the  tube  sealed  off.  In  this  way  air  was  exduded  without  alter- 
ing the  concentration  of  the  solution.  This  was  tested  by  analyzing  a 
sample  taken  from  a  tXibe  which  had  only  been  sealed.  It  showed  no  de- 
tectable difference  in  composition  from  the  original  solution.  The  amount 
of  air  left  could  be  observed  as  a  very  small  bubble,  and  in  no  case  could 
have  made  a  measurable  difference  in  the  final  pressures,  as  the  volume 
of  the  gas  space  formed  during  the  experiment  was  very  great  in  com- 
parison. 
The  vapor  bath  consisted  of  a  lai^  tube,  wdl  insulated  on  th,e  outside 
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with  asbestos  packing.    The  vapor  at  constant  temperature  was  su] 
from  a  pure  liquid  at  the  bottom  of  the  tube,  which  was  kept 
vigorously  by  an  electrical  heater.    The  reaction  tube  was  placed  far 
into  the  hot  vapor,  but  well  above  the  liquid.    There  was  in  no  case^ 
noticeable  temperattu'e  gradient  in  the  vapor,  except  at  heights  well 
the  reaction  tube.     Bromobenzene  and  naphthalene  were  the  sul 
used  in  the  bath. 

The  gas  which  was  formed  was  collected  for  analysis  by  brealdi^ 
the  point  of  the  tube  E  under  rubber  connections. 

The  manometer  tube  was  calibrated  by  means  of  a  mercury 
while  the  bulb  was  calibrated  in  terms  of  lengths  of  the  manometer 
by  weighing  the  mercury  it  could  contain  and  comparing  it  to  the 
of  mercury  contained  in  a  known  length  of  the  manometer  tube. 
length  of  the  air  space  was  measiured  to  a  mark,  and  the  spac:e  bet 
this  mark  and  the  end  of  the  tube  was  calibrated  by  means  of  a 
thread.    The  difference  in  levels  of  the  mercury  column  in  the  nian< 
and  the  reaction  tube  was  calctdated  from  the  measured  rise  in  the 
ometer  tube  and  the  fall  in  the  reaction  tube,  calculated  from  the 
of  the  diameters  of  the  two  tubes.    A  correction  was  also  made  for 
capillary  depression,  which  was  determined  by  a  rough  experiment. 
pressure  of  the  CO  was  obtained  by  deducting  the  vapor  pressure  of 
water  from  the  total  pressure. 

The  solutions  contained  known  concentrations  of  formic  acid,  and 
the  later  experiments  of  hydrochloric  acid.    These  concentrations 
expressed  in  mols  per  looo  g.  of  solution.    After  the  pressure   was 
stu'ed  a  weighed  amount  of  the  solution  was  titrated  with  a  KOH  solut 
using  phenolphthalein  as  the  indicator.     After  each  titration  the 
was  titrated  against  a  standardized  solution  of  HCl.    The  different 
the  concentrations  of  acid  before  and  after  experiment  gives   ai 
mately  the  number  of  mols  of  CO  given  off  per  looo  g.  of  solution. 
this  value  the  change  in  the  concentration  of  HCl  was  calculated  in 
per  looo  g.    The  concentration  of  the  HCOOH  was  then  obtained 
differ^ce. 

Experimental  Results. 

Table  I  gives  the  results  of  an  experiment  in  which  a  pure  solutioiii 
formic  add  was  heated  at  156®.     It  is  evident  that  even  after   14 
the  reaction  is  still  very  far  from  equilibrium.     A 'catalyst  for  the 
tion  was  therefore  sought.     Hydrochloric  acid  was  the  first  sul 
tried,  with  the  idea  that  it  might  have  the  desired  effect  through  the 
porary  formation  of  the   unstable   substance   formylchloride.     All 
it  is  doubtful  that  this  is  the  mechanism  of  its  action,  nevertheless  it 
to  be  a  very  efficacious  catalyst.    This  catalytic  action  is  shown  not 
by  hydrochloric  add  but  by  all  the  mineral  adds. 


THE  FRK9  ENERGY  OV   PORMATION  OP  FORMIC  ACID.      23 1 9 

Tabia  I. 

Air  ipmot  in                                                       Difference  ToUl 

manometer  Air  space       of  mercury  prettnre 

in  cm.        Temperature  calculated            levels  in  cm. 

of  tube.             of  air.  to  20.3*.            in  cm.  of  Hg. 

0 131.7  20. 3*  131.65  O               75.2 

lomin 24.15  19*9^  24.2  8  417 

I  day 23.6  20.8^  22.6  10  448 

a  days 21.8  23.0^  21.6  10  468 

3  days 20.45  21.0^  20.4  12  497 

4days 19.5  18.5^  19.6  13  518 

5da3rs 18.65  20.0^  18.65  13  543 

6  days 17-95  19.6^  18.0  14  564 

7  days 17.2  19.3^  17*35  15  589 

.  8 days 16.7  23.0*  16.55  15  603 

9  days 16.35  28.0*  15 '95  16  627 

10  days 15.75  24.8"  15.5  16  655 

*  II  days 15.1  21.5"  15.05  17  675 

I  14  days 13.7  19.0"  13.75  19  739 

ihe  catalytic  action  is  shown  graphically  in  Fig.  2,  in  which  the  two 
[ves  show  the  rate  of  development  of  pressure  through  the  formation 
rbon  monoxide  in  two  experiments  carried  out  under  approximately 
conditions  in  the  presence  and  absence  of  hydrochloric  acid.    The 
for  the  reaction  when  HCl  was  absent  was  drawn  from  the  data 


Time  in  days. 
Fig.  2. 
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given  in  Table  I,  while  the  data  for  the  other  curve  are  given  in  Ti 

II. 

Tables  II,  III,  IV,  V  and  VI  give  the  results  obtained  in  the 

of  HCl,  and  at  the  temperattu'es  156^  and  218^. 

Szperiinent  z. 

Tabls  II. 

Temperature  =  156.1*. 

Air  space  in                                                     Difference  Total 

Time.                 manometer                                 Air  space    of  mercury  inciiuti. 

# *        s                 in  cm.            Temperature     calculated         levels  in  col 

Hrs.          Min.            of  tube.                 of  air.          to  16.9<»  C.       in  cm.  ofHg. 

O      ...    2359       16. 9*     235.9       O  74  7 

3      25       40.94      16. 9**      40.94     33  463 

20      20       27.59      15.0®      27.77     46.5  681 

31      50       23.39      13.5°      23.67     50.5  795 

44              20.80      14.7**      20.96     53  895 

72              17.97      20.0*      17.79     55.5  1047 

119             15.79      17.0®      15.78     58  "75 

162      30       15.04      15.5**      15.12     58.5  1224 

185             14.87      14.8*      14.98     59  1236 

233             14.50      13.0'*      14-70     59  1258 

265             14.99      26.2°      14.52     58.5  1272 

283             14-52      18.0°      14.46     59  1278 

308             14.32      14.9^      14-42     "^9-5  1282 

312             14-38      16.0®      14.42     59.5  1282 

315             14.38      16. o*      14.42     59.5  1282 

330             14.23      13. O*      14.42     59.5  1282 

The  pressure  at  equilibrium  in  this  experiment  is  taken  as  1282  cm.  of 

The  solution  originally  contained  o.  2523  mol  of  formic  add  and  o.. 

mbl  of  HCl  per  1000  g.  of  solution.    After  equiUbrium  had  been 

4.366  g.  of  the  solution  were  equivalent  to  58.66  cc.  of  a  KOH  solul 

and  87.59  cc.  of  this  solution  were  equivalent  to  39.60  cc.  of  0.099J 

HCl.     Hence  the  solution  contained  o.  1210  mol  of  HCOOH  and  o 

mol  of  HCl  per  1000  g. 

Experiment  2. 

Tablb  III. 

Temperattire  «  156.1". 

Air  space  in                                                    Difference  Total 

manometer                               Air  n>ace     of  mercury  iwcMiut 

in  cm.        Temperature     calculated          levela  in  cm. 

Time.                                    of  tube.            of  aii.               to  17^           in  cm.  of  Hf. 

o 234.1             17*              234.1              o  75.9 

6  h.  15  m 37.81           17*                37.81          24  504 

21  h.  30m !..,       28.38          21.4®            27.95          43.5  680 

3d.  i8h 17.73           16.5**            17.76          54.5  1054 

4d.  i6h 16.88          i6*                16.93          55  1105 

9d 15.53           17*"                 15.53          56.5  1201 

lod 15.16          14**                15,32          57  1217 

•     13  d 15.20           19®                 15.10          57  1234 

i4d 15.09^         17*                 15.09          57  1234 

15  d 15.12           17.7**             1508           57  1235 


J 


THB  PREQ  BNHRGY  OF  FORMATION  OF  FORMIC  ACID.      232 1 

The  pressure  at  equilibrium  in  this  experiment  is  taken  as  1234  cm.  of 
9g,  the  mean  of  the  last  three  measurements. 

The  solution  originally  contained  0.3024  mol  of  HCOOH  and  0.4801 
nol  of  HCl  per  1000  g.  After  the  experiment  4. 115  g.  of  the  solution 
rere  eqtiivalent  to  55.07  cc.  of  a  solution  of  KOH  and  69. 14  cc.  of  this 
Kdution  were  equivalent  to  31 .09  cc.  of  0.0995  ^  HCl.  Hence  the  solu- 
ion  contained  o .  1162  mol  of  HCOOH  and  o .  4826  mol  of  HCl  per  1000  g. 

£xp0riiximt  3* 

Tablb  IV. 

Temperature  »  156.  I^ 

Air  tiMce  in  Diflference  Total 

manometer                               Air  space  of  mercury  pressure 

in  cm.  Temperature     calculated         leyela  in  cm. 

Time.                                   in  tube.            of  air.              to  18^             in  cm.  of  Hg . 

0 231.7  l8**  231.7  O  7565 

I  St  day' 14-91.  17^  14-96  54.5  1226 

2iid  day 14.93  19''  14.88  54.5  1232 

3rd  day 14.97  20®  14-87  54.5  1233 

4th  day 14.97  20"  1487  54-5  1233 

7th  day' 14.51  22*  14.32  54  1278 

8tfa  day I4-71  21.5^  ^4*54  54  1260 

9thday 14.94  22. 3*  14-73  54-5  1244 

nth  day 15.16  25®  14.80  54.5  1238 

The  pressure  at  equilibrium  in  this  experiment  is  taken  as  1234  cm. 

of  Hg,  which  is  the  mean  of  the  values  obtained  on  the  2nd,  3rd,  4th  and 

lith  days. 

f  The  solution  originally  contained  0.3024  mol  of  HCOOH  and  0.4801 
)1  of  HCl  per  1000  g.  After  the  experiment  3.915  g.  of  the  solution 
re  equivalent  to  45 .  10  cc.  of  a  KOH  solution,  38 .  30  cc.  of  which  were 
dvalent  to  20.00  cc.  of  0.0995  N  HCl.     Hence  the  solution  contained 

M159  mol  of  HCOOH  and  0.4826  mol  of  HCl  per  1000  g. 

Eiperiment  4. 

Tabvb  V. 

Temperature  «=  217.9®. 

Air  t|>ace  in  Air  space  Difference  Total 

manometer  calcuuited  of  mercury  pressure 

No.  of  in  cm.  Temperature       to  22.4*^.  iereto  in  cm. 

reading.  of  tube.  of  air.  Cm.  in  cm.  of  Hg. 

Original 616. i  22.4°  616. i  o               75.2 

1st* 12.03  18.4®            12.20°  44  3842 

2nd 12.03  18.6®            12.19  44  3845 

3ni 12.02  19"                12.16  44  3854 


Mean,    3847 

^  The  preliminary  heating  was  done  in  a  cumene  bath  boiling  at  163®. 

'  The  tube  had  been  heated  in  the  cumene  bath  during  the  6th  day  so  that  the 
cquilibriuin  might  be  approached  from  both  directions  in  this  experiment. 

*  The  first  reading  was  taken  4  hrs.  after  the  merctuy  had  become  approximately 
itatknary,  and  the  three  readings  were  taken  over  a  period  of  three  hotu's. 
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The  solution  originally  contained  0.3024  mol  of  HCOOH  and  0.4801 

mol  of  HCl  per  1000  g.    After  the  experiment  0.6309  g.  of  the  solutioD' 

were  equivalent  to  26.56  cc.  of  a  KOH  solution,  85. 14  cc.  of  which  werel 

equivalent  to  11 .63  cc.  of  0.0995  N  HCl.    Hence  the  solution  contained' 

0.0893  ii^ol  of  HCOOH  and  0.4829  mol  of  HCl  per  1000  g. 

£xpttrini6iit  5« 
Tabls  VI. 

Temperature  «  217.9®. 


No.  of 
reading. 


Air  space  in 
manometer 
in  cm. 
of  tube. 


Tem 


Original 619 

i8t 15.03 


2nd. 
3rd. 
4th. 
5th. 


14 
14 
14 
14 


94 
90 
89 
94 


nperat 
of  air. 

25  • 
23.1^ 

21.9^ 

21. 0' 

21.2' 

21.8' 


ture 


Air  space 

calculated 

to25» 

619 
15.12 
15.10 
15.10 

rs.os 

15.10 


Difference 
of  mercury 

levels 

in 

O 
46 
46 
46 
46 
46 


in 

of  Hg. 

75.2 
3125 

3129 
3129 

3133 
3129 


Mean,    3129 


In  this  experiment  the  concentration  of  formic  acid  was  deb 
directly  by  oxidation  in  an  alkaline  solution  with  excess  of  KMn04. 

An  excess  of  a  standard  solution  of  sodium  oxalate  was  then  add< 
and  the  solution  acidified  with  sulfuric  acid.    The  excess  of   KMnOi 
was  titrated  with  the  KMnO^  solution,  which  was  standardized  a| 
the  oxalate  solution. 

After  the  experiment  1.2 13  g.  of  the  solution  were  analyzed  by 
above  method.    68.13  cc.  of  the  ElMnOi  were  added  when  20.03 
of  a  o. 01  N  sodium  oxalate  solution  were  used.    38 .99  <x:.  of  the  ELMn( 
solution  were  equivalent  to  20.03  cc*  ^^  the  o.oi  iV  sodium  oxalal 
Hence  the  concentration  of  the  HCOOH  was  0.06170  mol   per  1000 
of  solution.    The  original  concentrations  of  HCl  and  HCOOH  were 
same  as  in  the  previous  experiment,  hence  the  concentration  of  HQ 
0.483  mol  per  looog.  ^ 

The  partial  pressiire  of  CO  were  obtained  by  deducting  the 
pressure  of  water  from  the  total  pressure.    The  pressures  of  HCOOl 
and  HCl  are  negligible.^    The  water  vapor  was  considered  as  that  of 
solution  containing  i  moP  of  foreign  substance  in  1006  g.  of  water.    ] 
can  then  be  calculated  by  Raoult's  law,  p  =  ^©Ni,  where  p  is  the 

^  The  partial  pressure  of  HCOOH  calculated  from  its  partial  pressure  at  25 *J 
given  in  this  paper,  was  less  than  o.i  cm.  at  218".    The  partial  pressure  of  HCl 
a  0.4  N  solution  at  218*',  calculated  from  experiments  at  loo**  given  by  B.  G. 
(/,  Ind.  Eng.  Chem.,  Vol.  7,  No.  3,  p.  258),  is  0.4  cm. 

*  This  value  cannot  be  calculated  exactly  owing  to  the  lack  of  data  for  the  d< 
of  ionization  of  HCl  at  these  temperatures;  but  an  error  of  10%  corresponds  to 
in  the  pressures  of  only  i  and  4  cm.  of  Hg  at  the  lower  and  higher  temperatnres. 
spectively. 
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pressure  of  water  over  the  solution,  fo  the  vapor  pressure  of  pure  water, 
and  Ni  the  molal  fraction  of  the  water,  po  =  419^  cm.  of  Hg  at  156.  i ° 
and  i668^  cm.  of  Hg  at  217. 9^  Ni  =  0.982.  Hence  p  —  412  cm.  and 
1638  cm.  at  the  lower  and  higher  temperatures,  respectively. 

The  results  of  these  experiments  are  given  in  Table  VII.  K,  given  in 
the  sixth  coltmm,  is  the  equilibrium  constant  of  the  reaction  HCOOHi^  ^ 
HiOiiqoid  +  CO.  It  is  the  pressure  of  the  CO  in  atmospheres,  divided  by 
the  concentration  of  the  HCOOH,  and  multiplied  by  the  ratio  of  the  fugac- 
ity  of  the  water  to  the  fugadty  of  pure  water.'  The  concentrations  in 
this  table  are  all  expressed  in  mols  per  1000  g.  of  water. 

Tabl9  VII. 

Concentratioo  Concentration 

of  HCl  in  mol  of  HCOOH  in  Pressure  of 

per  1000  g.  mol  per  1000  g.  CO  in  at- 

Bipt.                Temperature.          of  HtO.  of  HiO.  mosplieres.               SI. 

1 156. I*  0.4949  0.1239  11.45                 90.8 

2 156.1^  0.4940  O.II89  10.82                  89.3 

3 156.1^  0.4940  O.I186  10.82                89.6 

4 217.9^  0.4936  0.0913  29.06  313 

5 217.9^  0.494  0.06299  19.62  306 

Mean  value  of  K  »  89.9  at  156.  i  ^^  and  310  at  2I7.9^ 


The  reaction  was  shown  to  reach  true  equilibrium  by  heating  at  a  higher 
temperature  and  so  forming  a  higher  pressure  of  CO.  On  heating  again 
at  the  original  temperature  the  pressure  returned  to  the  original  value. 
This  is  shown  in  Table  IV. 

The  reaction  HCOOH  =  HjO  +  CO  goes  with  no  appreciable  side  re- 
actions, as  the  gas  formed  is  shown  by  the  following  analyses  to  be  almost 
pure  CO: 

One  sample  of  the  gas  collected  from  the  reaction  at  156. 1°  measured 
12.18  cc.  before  absorption  of  the  CO2,  and  12. 18  cc.  after  absorption. 

Another  sample  measured  12.65  cc.  before  absorption  and  12.70  cc. 
after  absorption  of  the  CO2.  6.1  cc.  of  this  gas  were  made  up  to  14 .  40  cc. 
with  oxygen  and  exploded.  After  explosion  the  volume  was  11.35  cc. 
After  absorbing  the  CO2  formed  the  volume  was  5.35.  This  corresponds 
to  98.4%  CO  and  0.5%  H2.  Slight  admixture  with  air  took  place  from 
the  air  in  the  rubber  connections. 

The  gas  obtained  when  the  reaction  was  carried  on  at  2 1 7 . 9  ®  also  showed 
no  decrease  of  volume  on  absorption  with  KOH.  36.72  cc*  of  a  mix- 
ture of  the  gas  and  air  were  exploded.  After  the  explosion  the  volume 
was  33.00  cc.    After  absorption  of  the  CO2  formed,  the  volume  was  25.62 

^  Landolt-Bdrnstein-Roth,  "Tabellen/'  4th  ed.,  p.  363- 
'  This  ratio  is  taken  as  equal  to  the  molal  fraction,  0.982. 

'No  measurement  of  the  original  volume  was  made  as  there  was  considerable 
accidental  admixture  with  the  air  during  the  collection  of  the  gas. 
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cc.    These  results  correspond  to  the  theoretical  values  for  a  mixture  of 
I  mol  of  CO  to  0.003  ^ol  of  H2.* 

Free  Energy  at  25^. 

The  value  of  K  at  25**  C,  or  298®  A,  was  calculated  from  the  equation 
In  K,/Ki  =  Q/R  (i/Ti  —  1/T2),  where  Q  is  the  heat  absorbed  at  constant 
pressure.  This  equation  is  only  approximately  true,  as  it  asstmies  Q  to 
be  constant  over  the  range  of  temperature  considered.  Substituting  the 
values  for  K  at  156.  i**  and  217. 9**,  and  i  .989  for  R,  and  429.2  and  491 
for  Ti  and  Tj,  respectively,  we  get  In  310/89.9  =  Q/1.989  (1/429.2  — 
1/491).  Hence  Q  —  8394.*  Similarly,  In  310/K298  =  8394/1.989 
(1/298.1  —  1/491).     Hence  K298  =  1.19. 

AFj98  for  the  reaction  HCOOH  (i  M)  =  HtO(/)  +  CO(g)  is  given  by 
the  equation  AF298  =  —  RT  In  K298,  where  Kt98  =  i .  19.  Hence  AF298  = 
— 1.989  X  298.1  X  In  1. 19  =  — 103  cals.  =^  40  cals. 

This  is  the  free  energy  when  the  concentration  of  HCOOH  is  an  ideal- 
ized one  mol  per  1000  g.  of  water,  and  in  a  solution  containing  about 
0.49  mol  of  HCl  per  1000  g.  of  water.  However,  an  actual  solution  of 
HCOOH  of  such  a  concentration  is  very  nearly  ideal.  This  can  be  shown 
by  its  agreement  with  Washburn's  equation  for  the  lowering  of  freezing 
points  in  aqueous  solutions,  N  =  0.0096895 (AT  —  0.00425 AT'),  where 
N  is  the  molal  fraction  and  AT  the  depression  of  the  freezing  point.  This 
equation  holds  only  when  the  solution  is  sufficiently  dilute  to  be  consid- 
ered ideal.  For  formic  acid  when  the  concentration  is  1.023  mols  per 
1000  g.  of  water,  AT  =  i  877  and  N  =  0.0181,'  while  from  the  formula 

N  =  0.01804. 

Fugacity  of  the  Formic  Acid. 

In  order  to  obtain  AF  for  the  decomposition  of  liquid  formic  add  it  is 
necessary  to  know  the  ratio  of  the  fugacities  of  HCOOH  in  a  solution 
of  I  mol  to  icoo  g.  of  water  and  in  liquid  formic  acid.  This  was  done 
by  measuring  the  vapor  pressure  of  formic  acid  over  a  solution  identical 
with  those  used  in  the  preceding  experiments,  except  that  the  concentra- 
tion of  formic  acid  was  increased  in  order  to  give  a  higher  experimental 
accuracy. 

The  vapor  pressure  was  obtained  by  bubbUng  a  measured  volume  of 
air  through  a  series  of  six  tubes  of  the  solution  containing  glass  beads. 
These  tubes  were  each  connected  to  a  larger  bulb  containing  about  100 
cc.  of  the  solution  so  as  to  prevent  any  change  in  the  concentration.    The 

^  The  small  amounts  of  hydrogen  given  by  these  analyses  were  neglected,  as  they 
are  probably  chiefly  errors  in  the  analysis. 

'  On  account  of  the  extremely  contradictory  values  obtained  calorimetrically  for 
the  heat  of  formation  of  formic  acid  it,  seemed  inadvisable  to  attempt  to  use  them  in 
this  calculation. 

•  Abegg,  Z.  physik.  Chem.,  15,  218  {1894). 
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HCOOH  was  absorbed  in  KOH  and  determined  by  oxidation  with  KMnOi, 
and  the  excess  of  KMn04  determined  with  sodium  oxalate  in  acid  solu- 
tion. A  tube  containing  cotton  wool  was  placed  between  the  solution 
and  the  absorbing  bulbs  to  keep  back  the  spray.  Two  determinations 
were  made. 

The  solution  used  contained  0.508  mol  of  HCl  and  0.8505  mol  of 
HCOOH  per  1000  g.  of  water.  In  the  first  determination  the  volume  of 
gas  was  18330  cc.  43.57  cc.  of  o.oi  N  sodium  oxalate  and  51 .22  cc.  of 
KMn04  were  needed.  45.02  cc.  of  the  oxalate  were  equivalent  to  42.82 
Gc.  of  the  KMnO^  solution.  The  formic  acid  was  therefore  equivalent 
to  10 .  28  cc.  of  o .  01  N  soditmi  oxalate.  Hence  o .  00005  ^  4  ^^^^  ^^  HCOOH 
passed  over.  This  represents  a  partial  presstu'e  of  HCOOH  of  0.00522 
cm.  of  Hg.  The  molal  fraction  of  HCOOH  in  this  solution  is  0.01495, 
while  that  of  the  solution  containing  i  mol  of  HCOOH  and  0.49  mol 
of  HCl  per  looo  g.  of  water  is  0.01754.  The  partial  pressure  of  HCOOH 
over  the  latter  solution  would  be  0.00612  cm.  of  Hg. 

In  the  second  experiment,  using  the  same  solution,  the  volume  of  gas 
wasi7540cc.  68.75  cc.of  KMn04and32.8i  cc.of  o.oi  iV  sodium  oxalate 
iirere  needed.  33.05  cc.  of  the  oxalate  solution  were  equivalent  to  53. 15 
oc.  of  the  KMn04  solution.  This  corresponds  to  0.0000497  mol  of 
!HCOOH,  or  a  partial  pressure  of  0.00527  cm.  of  Hg,  corresponding  to 
0.00618  cm.  of  Hg  for  a  solution  i  mol  per  1000  g.    The  mean  value  is 

10.00615  c^^-  ^^  ^E- 

I    The  ratio  of  the  fugadties  of  HCOOH  in  this  solution  to  that  in  liquid 

HCOOH  is  equal  to  the  ratio  of  partial  pressures  of  HCOOH.     For  liquid 

HCOOH  the  partial  pressure  is  4. 25  cm.  of  Hg  at  298^.^ 

•  AF,t8  for  the  change  HCOOH(i)  =  HCOOH  (i  M)  is  therefore —RT 

h  4.25/0.00615  =  — ^3876  =*=  locals. 

Free  Energy  of  Formation  of  Formic  Acid. 
'   Smce  for  the  reaction  HCOOH(i)  =  HCOOH(i  M)  AFm  =  —3876  cals., 
find  for  HCOOH(i  M)  =  UtO(i)  +  CO,  AFms  «  —103  cals.    For  the 
teurtion  HCOOH(i)  =  H,0(i)  +  CO,  AF298  =  —3979  *  50  cals.,  or  for 
Hrf)(i)  +  CO  =  HCOOH(i),  AF298  =  3980  cals. 

The  change  of  free  energy  for  the  formation  of  HsO  and  for  CO  from 

'their  dements  have  been  calculated  by  Lewis  and  Randall,^     AFsog  for 

'the  reaction  Hj  +  VsOt  =  H20(i)  is  — 56620  cals.,  and  for  Cg^aphitc  + 

VjOi  =  CO,  AFt98  =  — ^32560.     Hence  for  the  reaction  Cg^aphite  +  ft  + 

Oi  =  HCOOH(i.),  AF298  =  —85200  cals. 

Stmunary. 

The  decomposition  of  formic  acid  into  carbon  monoxide  and  water  was 

found  to  be  reversible,  and  to  be  catalysed  by  mineral  acids. 

^  LandoltrBArnsteiii-Roth,  "Tabellen,"  4th  ed.,  p.  817. 
•  This  Joxjksal,  37»  466  (1915). 
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The  equilibrium  between  carbon  monoxide  and  water  on  the  one  hand, 
and  formic  acid  dissolved  in  water  containing  hydrochloric  acid  on  the 
other,  was  measured  at  218®  C.  and  at  156**  C.  The  partial  pressure  of 
formic  add  from  a  similar  solution  was  also  measured. 

From  these  data,  and  those  given  by  G.  N.  Lewis  and  M.  Randall  for 
the  free  energies  of  carbon  monoxide  and  water,  the  free  energy  of  formk 
add  was  calculated. 

In  condusion,  I  wish  to  express  my  indebtedness  to  Professor  G.  X. 
Lewis  for  valuable  suggestions  and  assistance  in  the  prosecution  of  this 
research. 


[Contribution  prom  thb  Richardson   Chbmical  Laboratory   of  ths  Tulakb 

University  of  Louisiana.] 

THE   PHENOMENON  OF  PASSIVITY  IN  CONNECTION  WITH 
FERROUS  ALLOYS  OF  DIFFERENT  COMPOSI- 
TION AND  STRUCTURE.^ 

By  Hal  Waltsrs  Mosbuiy. 
Received  July  12.  1915. 

Introduction. 

The  Uterature  dealing  with  the  phenomenon  of  passivity  of  iron  has 
very  little  to  say  about  the  chemical  composition  of  the  samples  used 
in  the  experiments  and  nothing  to  say  about  their  physical  structure. 
A  careful  examination  of  iron  and  steel  from  a  metallographical  paint 
of  view  reveals  the  fact  that  there  is  a  tremendous  difference  in  its  char- 
acter,  due  to  slight  changes  in  chemical  composition  and  to  the  method 
of  treatment,  whether  mechanical  or  thermal  or  both.*  The  physical 
structure  of  a  sample  is  dependent  upon,  and  greatly  influenced  by,  each 
of  these  factors.  The  study  of  its  physical  structure  more  often  gives 
a  sample's  character  than  an  ultimate  chemical  anal3rsis,  and  it  is  there- 
fore, highly  important  that  this  factor  be  given  due  consideration  in  any 
study  made  upon  commercial  irons  and  steels.  We  were  led  to  believe, 
therefore,  that  many  of  the  apparently  conflicting  results  recorded  in 
experiments  upon  the  passivity  of  iron  and  steel  were  due  in  part,  at 
least,  to  the  indistinct  understanding  of  the  nature  of  these  differences, 
and  that  a  study  of  the  influence  of  these  variables,  if  any,  upon  the 
phenomenon  in  a  comparative  way  might  lead  to  a  more  general  con- 
clusion as  to  its  character. 

The  fact  that  iron  will  become  passive  has  suggested  at  least  a  posaUe 
solution  to  the  problem  oT  corrosion.    Cushman^  in  a  comparatively 

^  A  paper  read  before  the  Section  of  Inorganic  and  Physical  Chemistry,  Amccktt 
Chemical  Society,  at  the  New  Orleans  meeting,  April  2,  19 15. 

*  Sauver,  "Metallography  of  Iron  and  Steel/'  19x2. 

'  Cushman  and  Gardiner,  "Corrosion  and  Preservation  of  Iron  and  Steel;*'  Cosh* 
man,  U.  S.  Dept.  Agric,  Bull.  30,  29  (1907). 
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recent  work  states  that  "small  quantities  of  inhibitive  substances  in 
boilers  should  be  highly  efficacious  in  preventing  pitting."  The  in- 
hibitive substances  referred  to  are  passivifying  in  character.  In  his  work 
upon  passivity  of  iron  under  boiler  conditions,  Byers^  verifies  Cushman's 
general  conclusion,  at  least  in  so  far  as  anodic  conditions  are  concerned, 
and  establishes  the  fact  that  iron  (99.8%)  can  be  made  passive  when 
the  anode  under  steam  boiler  conditions.  Byers  also  suggests  the  use  of 
certain  concentrations  of  potassium  dichromate  solutions  in  boUer  waters 
as  an  inhibitor  of  corrosion.  It,  therefore,  seemed  of  interest  in  this  con- 
nection to  study,  in  a  comparative  way,  the  behavior  of  irons  and  steels 
of  known  composition  and  structure  when  passivifying  conditions  were 
imposed,  and  if  possible  to  make  a  statement  which  would  be  general  for 
all  classes  of  irons  and  steels. 


Alioys  Used  in  the  Experiments. — ^We  had  at  our  disposal  an  unusually 
large  collection  of  ferrous  alloys.  This  material  was  prepared  for  Pro- 
fessor Rugan  of  Tulane  University  while  research  fellow  in  metallurgy 
in  the  University  of  Manchester,  England,  and  contains  a  large  variety 
of  samples  with  carbon,  silicon,  manganese,  sulfur,  and  phosphorus  as 
variables.  In  addition,  there  were  others  which  had  been  subjected  to 
various  thermal  treatments  with  corresponding  modifications  in  physical 
structure.  We  also  secured  a  set  of  Carnegie  Commercial  steels  from  the 
open  hearth  process,  ranging  from  0.11%  to  1.12%  carbon,  with  man- 
ganese, sulfur,  phosphorus  fairly  constant  for  the  series.  All  these  were 
normalized  samples. 

Comparative  Study  of  Transition  Points  from  Active  to  Passive  when 
Samples  were  Made  the  Anode  in  a  Definite  Electrolyte,  and  in  Differ- 
ent Electrolytes. — ^This  study  was  carried  out  with  the  following  points 
in  view:  first,  to  prove  that  samples  of  very  different  composition  and 
structm-e  could  be  made  passive  with  a  definite  current  density  when 
the  anode  in  an  electrolytic  cell,  the  other  factors  being  constant;  second, 
to  determine  the  relative  positions  of  the  transition  points,  i.  e.,  current 
density  required  for  passivifying,  for  the  various  samples;  third,  to  study 
the  influence  of  the  various  electrolytes  upon  the  transition  points;  and 
fourth,  to  trace  any  relation  between  these  transition  points  and  the  com- 
position and  structure  of  the  samples. 

The  apparatus  employed  was  essentially  that  used  by  Byers*  in  the  ex- 
periments upon  the  influence  of  the  magnetic  field  on  the  passive  state 
of  iron,  with  the  exception  of  the  electromagnet  and  the  form  of  the  elec- 
trodes. The  anode  was  a  highly  polished  button  of  iron  having  an  ex- 
posed surface  area  of  3.45  sq.  cm.    A  polished  copper  wire  was  wound 

*  Tms  Journal,  34,  1368  (1912). 
»/Wa.,  3a,  750  (1910). 
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tightly  around  the  circumference  of  the  button  and  extending  out  some 
10  cm.  to  make  connection  with  the  external  circuit.  The  whole  surface 
of  the  iron  and  copper  except  that  prepared  for  exposure  was  coated  over 
completely  with  hard  parafiBine  for  insulation. 

The  electrodes  were  put  in  series  with  the  cturent  source,  a  rheostat, 
and  a  Weston  ammeter  reading  directly  to  0.0 1  of  an  ampere.  A  volt- 
meter was  connected  across  the  circuit  between  the  electrodes.  When 
the  iron  was  active  the  voltmeter  would  indicate  the  small  dififerences  of 
potential  between  the  electrodes,  and  the  ammeter  would  show  a  varying 
amperage  vrith  the  change  in  resistance;  when  the  iron  became  pa^ive 
there  was  a  sharp  rise  in  the  voltmeter  readings  and  a  corresponding  drop 
in  the  ammeter  readings.  At  this  point  oxygen  was  liberated  from  the 
anode. 

* 

Table  I. — Samples  with  C  and  Si  as  Variables,  Mn,  S,  and  P  Pairlt  CoNsnrAirr. 


Chemical  cdmposition. 


Current  density 
3.45  iq.  cm. 
triniiitkwi 
to 


is  uBpcrtt  pec 
leoesaaiyfor 
from  ecuve 


Per  cent.  Per  cent. 
Sample.            C.  SL 

A 4.03  0.243 

B 3.70  0.233 

C 3.08  0.172 

D 2.59  0.146 

E 1.96  0.215 

F 1.58  0.168 

G 0.99  0.233 

H 0.55    '  0.182 

1 0.15  0.186 


Per  cent.    Per  cent. 
Mn. 


0.15 
0.16 
0.13 
0.12 
0.20 
0.17 
0.19 
0.20 
0.15 


P. 
0.15 
O.OII 
O.OI 
0.012 
0.015 
0.014 
0.012 
0.014 
0.017 


Percent. 
& 

0.108 

0.018 

0.019 

0.016 

0.013 

0.015 

0.015 

0.013 

0.040 


10%  nitric  5%  nitric  N 
add. 


I.IO 
2.IO 
1.90 
2.10 
1.90 
2.00 
2.05 

1.75 
2.00 


00 

35 
00 

35 
35 
35 
40 

25 
50 


solfate. 

O.IO 

0.26 

0.40 

0.36 

0.50 

*  •  «  • 

0.48 
0.52 


Table  II. — Samples  wtth  Composition  and 

Chemical  composition. 


Heat  Treatment  as  Variabls& 

Transition  denritiet. 


Sample. 
D.... 
Dll. 
D16. 
D26. 

E... 

Eii. 

E16. 

E26. 

F.... 

Fix.. 

F16.. 

F26.. 

I 

In.. 
I16.. 
I26.. 


Per  cent. 
C. 

•  2.59 

•  2.59 
.    2.59 

•  2.59 

.  1.96 
.  1.96 
.  1.96 
.  1.96 
.  1.58 
.  1.58 
.  1.58 
.  1.58 
.  0.15 
.  0.15 
.  0.15 
-   0.15 


Per  cent. 
Si. 

0.146 

0.146 

0.146 

0.146 

0.215 

0.215 

0.215 

0.215 

0.168 

0.168 

0.168 

0.168 

0.186 

0.186 

0. 186 

0.186 


Per  cent. 
Mn. 

0.12 
0.12 
0.12 
0.12 
0.20 
0.20 
0.20 
0.20 
0.17 
0.17 
0.17 
0.17 
0.15 
0.15 
0.15 
0.15 


Per  cent. 
P. 

0.012 
0.012 
0.012 
0.012 
0.015 
0.015 
0.015 
0.015 
0.014 
0.014 
0.014 
0.014 
0.017 
0.017 
0.017 
0.017 


Per  cent.  10%  nitric  5%  nitric  N 
add. 


S. 
0.016 
0.016 
0.016 
0.016 
0.013 
0.013 
0.013 
0.013 
0.015 
0.015 
0.015 
0.015 
0.040 
0.040 
0.040 
0.040 


2.10 
2.15 
1.65 
2.00 
1.90 
1.90 
1.85 
2.00 
2.00 
2.00 
2.05 
2.10 
2.00 
2.25 
2.25 
2.35 


i.3i 

0., 

1-35 

0-, 

1.25 

0.^ 

I  25 

0., 

1.35 

0. 

X.20 

0. 

1.25 

•  • 

1.25 

0. 

1.35 

1.75 

1.45 

1.50 

1.50 

1.50 

1.50 

1-45 

36 

50 

46 
50 
50 
47 

•  • 

50 
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Table  III.--Spsczal  Samplbs  with  C,  Si,  and  Heat 


Chemical  compotition. 


Tkbatmbnt  as  Vaxiablbs. 

Tnniitimi  dentitiefli 


Per  cent. 
Susple.  C. 

J 460 

J17 460 

0 3.98 

O2 3.98 

P 3.79 

Pi 3-79 

Q2 3.76 

Q3 3.76 

Ri 3.79 

R3../...  3.79 

Si 3.38 


Per  cent. 
SL 

0.79 

0.79 
1.79 

1.79 

2.96 

2.96 

4.20 

4.20 

4.83 

4.83 
6.14 


Per  cent. 
Mn. 

0.126 

0.126 

0.23 

0,23 

0.25 

0.25 

0.27 

0.27 

0.30 

0.30 

0.30 


Per  cent. 
P. 

0.016 

0.016 

O.OIO 

O.OIO 

O.OIO 

O.OIO 

O.OIO 

O.OIO 

O.OIO 

O.OIO 

O.OIO 


Per  cent. 
8. 

0.018 

0.018 

0.013 

0.013 

0.012 

0.012 

0.012 

0.012 

0.012 

0.012 

0.013 


10%  nitric 
acid. 

1.50 

1.75 
2.03 

1. 71 

1.57 
1.80 
1.80 

1.59 
2.02 

1.70 

2.92 


N  pho»> 

phoric 

add. 

34 


34 

■   • 

37 

38 


N  sodium 
lolfate. 

0.52 


0.56 

0.55 

0.57 

0.57 

0.55 
0.52 

0.57 


•    ■   •    • 


Tablb  IV. — Casnbgib  Stbsus  with  Carbon  as  the  Principal  Variable. 

Composition.  Transition  densities. 

/ * ^     , • ^ 

Per  cent.    Per  cent.     Per  cent.      Per  cent.        10%  N  plios-       0.5  N  phos- 

Sample.  C.  Mn.  P.  S.        nitric  add.     phoric  add.    phoric  add. 

T o.ii  0.36  o.oii  0.038  2.38  0.31  0.28 

U 0.24  0.45  0.016  0.040  2.17  0.34  0.27 

V 0.47  0.50  0.013  0.033  2.38  0.32  0.27 

W 0.60  0.38-  O.OII  0.033  2.17  0.35  0.27 

X 1.04  0.42  0.048  0.035  3.38  0.30  0.25 

Y 1. 12  0.37  0.042  0.034  2.04  0.34  0.27 

Z 0.20  High  High  2.24  0.30  0.25 

Note:  Where  the  single  letter  occurs — ^A,  B,  C,  etc. — it  refers  to  the  original 
sample,  and  where  the  single  letter  occurs  followed  by  numerals  —  Dii,  D16, 
D26,  etc. — it  refers  to  that  many  heat  treatments  where  the  sample  has  been  heated 
above  the  critical  range  and  allowed  to  cool  properly  the  respective  ntmaber  of  times 
indicated  by  the  numerals. 

The  electrolytes  used  were:  io%  nitric  acid,  5%  nitric  add,  N  phos- 
phoric acid,  0.5  N  phosphoric  acid,  N  sodium  sulfate.  The  results  of 
these  experiments  are  best  understood  by  reference  to  the  above  tables. 

The  results  conclusively  prove  that  samples  of  iron  of  very  different 
composition  and  structure  can  be  passivified  with  a  definite  current 
density  when  the  samples  are  made  the  anode  in  an  electric  circuit;  they 
show  that  the  passivifying  current  density  is  in  no  way  related,  at  least 
m  no  simple  way,  to  the  chemical  composition  or  structure  of  the  samples; 
and  they  further  show  that  the  condition  of  passivity  is  intimately  re- 
lated to  the  passivifying  electrol)rte,  and  that  current  densities  required 
to  passivify  in  one  electrolyte  do  not  hold  for  others.  The  residts  of  these 
experiments  confirm  the  view  that  the  phenomenon  is  very  much  more 
general  than  the  work  of  others  has  shown. 

Comparative  Study  of  the  Solution  of  Samples  in  10%  Sulfuric  Acid 
at  Current  Densities  below  that  Required  for  Passivifying* — ^These 
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experiments  were  carried  out  with  the  following  points  in  view:  fizst, 
to  determine  whether  there  was  a  gradual  change  from  active  to  passive, 
revealing  itself  in  the  amount  of  iron  dissolved  in  a  given  time^  as  the 
current  density  approached  nearer  and  nearer  the  transition  point;  second, 
to  determine,  if  possible,  whether  or  not  the  general  statement  that  passive, 
iron  does  not  dissolve  appreciably  holds  for  samples  as  heterogeneota 
as  these  under  investigation;  and  lastly,  to  determine  any  relation  tbat 
may  exist  between  the  amotmt  of  iron  dissolved  and  that  required  by  Fara- 
day's law. 

The  apparatus  used  was  essentially  that  described  elsewhere  in  tfaft 
paper.  The  samples  were  poHshed  and  reparaffined.  The  dissotvcd 
iron  was  determined  by  titration  with  o,i  N  potassitmi  permanganate 
solution.  The  time  of  solution  was  five  minutes  and  the  amperage  used 
was  known  to  be  below  and  approaching  that  required  for  passivifyi&g. 
The  electrolyte  was  io%  sulfuric  add.    The  results  follow  in  tabular  fonn. 

The  results  are  not  conclusive.  Nine  out  of  fifteen  samples  reve4 
the  fact  that  less  iron  goes  into  solution  as  we  approach  the  transitioa 
point;  some  of  the  remaining  reveal  exactly  the  reverse  condition,  and 
some  show  irregularity  of  solution  at  different  current  densities.  W^ 
believe,  however,  from  the  results  that  the  phenomenon  of  passage  bom 

Taslm  V. — ^Hbat  Trbatbd  Samplss. 


Sample.  Time. 

E 300  sec. 

E 300  sec. 

E 300  sec. 

Eii 300  sec. 

Eii 300  sec. 

Eii 300  sec, 

E16 300  sec. 

E16 300  sec. 

E16 300  sec. 

E26 300  sec. 

E26 3CX)  sec. 

E26 300  sec. 

D 300  sec. 

D 300  sec. 

D 300  sec. 

Dii 300  sec. 

Dii.. 300  sec. 

Dii 300  sec. 

D16.. 300  sec. 

D16 3cx>  sec. 

D16 300  sec. 

D26 300  sec. 

D26 300  sec. 

D36 3cx>  sec. 


Amperet. 

Gram  of  iron 

in  solution, 

actual 

Oram  of  iron 
in  soltttkn. 
calculated. 

DiffcRMt. 

0.2 

0.01906 

0.0173 

+0.0017 

0.4 

0.03490 

0.0346 

+0.000(J^ 

0.5 

O.0451I 

0.04325 

+o.ooi8i 

0.2 

0.01557 

0.0173 

— O.00I7^ 

0.4 

0.03544 

0.0346 

+0.0008 

0.6 

0.05155 

0.0519 

— o.ooosf 

0.2 

O.O1611 

0.0173 

— o.ooiaii 

0.4 

0.03327 

0.0346 

—0.0014: 

0.6 

0.05319 

0.0519 

+0.0012 

0.2 

0.01986 

0.0173 

+0.0025 

0.4 

0.03812 

0.0346 

+0.0035 

0.6 

0.05531 

0.0519 

+0.0034 

0.2 

0.01825 

0.0173 

+O.000J' 

0.4 

0.03322 

0.0346 

—0.0024, 

0.5 

0.03866 

0.04325 

— o.oo4» 

0.2 

0.02953 

0.0173 

+0.0122 

0.4 

0.03275 

0.0346 

— 0.0019^ 

0.5 

0.04027 

0.04325 

— O.002$w 

0.2 

0.01879 

0.0173 

+0.0014  ■ 

0.4 

0.03275 

0.0346 

O.OOlf 

0.5 

0.03866 

0.04325 

— o.004» 

0.2 

O.O1611 

0.0173 

+O.00W 

0.4 

0.03275 

0.0346 

—0.0019 

0.5 

0.0397 

0.04325 

+0.0035 

J 
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Tablb  VI. — Caxmeois  Stbsls. 

Gimm  of  Iron        Gmn  of  Ifon 
in  tolntion,  in  solntlon. 

Time.  Amperes.  octiiaL  calcolated.  Dilforaneo. 

T 300  sec.  0.1  0.01235  0.00863  +0.0097 

T 300  sec.  0.2  0.01879  0.0173  +0.00149 

T 300  sec.  0.3  0.02685  0.02738  — 0.00147 

U 300  sec.  0.1  0.01020  0.00865  +0.00155 

U 300  sec.  0.2  0.01986  0.0173  +0.0025 

U 300  sec.  0.3  0.02738  0.02595  +0.00143 

V 300  sec.  0.1  0.0102  0.00865  +O.OOI55 

V 300  sec.  0.2  0.01986  0.0173  +0.0025 

V 300  sec.  0.3  0.02738  0.02595  +0.00143 

W 300  seci  0.1  0.01074  0.00865  +0.00209 

W 300  sec.  0.2  0.91986  0.0173  +0.0025 

W 300  sec.  0.3  0.02738  0.02595  +0.00143 

X 300  sec.  0.1  o. 01 181  0.00865  +0.00317 

X 300  sec.  0.2  ,         0.0204  0.0173  +0.0031 

X 300  sec.  0.3  0.02738  0.02595  +0.00143 

Y 300  sec.  0.1  0.01449  0.00865  +0.00584 

Y.' 300  sec.  0.2  0.01879  0.0173  +0.0014 

Y 300  sec.  0.3  0.027*92  0.02738  +0.00054 

Z 300  sec.  0.1  0.02148  0.00865  +0.01283 

Z 300  sec.  0.2  0.01933  0.0173  +0.0020 

Z 300  sec.  0.3  0.03544  0.02738  +0.00806 

Note:    The  plus  sign  indicates  that  more  iron  dissolved  than  was  calculated  ac- 
cording to  Faraday's  law,  the  minus  sign  indicating  less. 

active  to  passive  is  not  an  instantaneous  change  in  properties,  but  a 
gradual  adjustment  toward  a  new  condition  of  equilibrium.  In  regard 
to  the  second  point  involved,  we  found  it  exceedingly  difScult  to  main- 
tain the  condition  of  passivity  in  adds  when  once  the  circuit  was  broken, 
and  we  are,  therefore,  not  able  to  make  a  statement  that  heterogeneous 
samples  dd  not  dissolve  when  passive.  The  third  point  regarding  the 
relation  between  the  actual  amount  dissolved  and  that  required  by  Fara- 
day's law  is  also  npt  clearly  brought  out.  It  was  fotmd  that  local  action 
on  the  surface  due  to  its  heterogeneity  materially  influenced  the  amount 
of  iron  going  into  solution,  and  from  the  results  we  should  judge  that 
while  the  local  action  itself  was  less  when  the  surface  was  tmder  the  in- 
fluence of  the  external  current,  still  the  amotmt  dissolved  exceeded  the 
value  given  by  the  law  to  such  an  extent  that  we  believe  local  action 
plays  an  independent  part  in  this  process  of  solution.  In  other  words, 
we  may  say  that  iron  of  this  character  goes  into  solution  in  other  ways, 
when  the  anode  in  a  circuit,  than  according  to  Faraday's  law.  We  in- 
tend to  repeat  the  experiment  in  electrolytes  other  than  that  used. 

Comparative  Study  of  Electrode  Potentials  of  Certain  Samples  in 
Normal  Nitric  Acid  and  in  Normal  Sodium  Sulfate. — ^The  electrode  po- 
tential of  a  metal  immersed  in  W  dectrolyte  is  directly  proportional  %q 
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its  solution  tension.  This  solution  tension  is  a  measure  of  the  ability 
of  a  metal  to  go  over  into  the  ionic  form,  and  since  in  passive  metals  this 
tendency  is  practically  reduced  to  zero,  a  study  of  the  electrode  potentiab 
of  different  samples  ought  to  reveal  a  proportionality  between  these  po- 
tentials and  the  ability  of  the  samples  to  go  into  the  passive  state.  TUs' 
is  equivalent  to  saying  that  those  metals  with  low  solution  tension,  ai]d« 
therefore,  low  electrode  potential,  ought  to  go  over  into  the  passive  state 
more  easily  than  those  with  higher  solution  tension.  The  purpose  ofj 
these  experiments  was  to  find  any  such  relation  and  if  possible  to 
or  disprove  the  supposition  in  connection  with  heterogeneous  mat 

The  samples  employed  were  those  described  elsewhere  in  this  paper. 
The  electrolytes  used  were  normal  nitric  add  and  normal  sodium  sulfat 
A  normal  calomel  electrode^  was  used  as  a  basis  for  the  electrode  potential j 
determinations.    The  apparatus  was  arranged  after  this   order. 
half  cell  was  arranged  in  series  with  the*  electrode  through  the  intermediat 
liquid  and  the  electrolyte,  and  connected  to  a  Wolff  potentiometer, 
potentiometer  was  arranged  in  such  a  way  that  a  fall  of  potential  of  o.< 
of  a  volt  per  ohm  was  established. 

The  results  are  tabulated  below: 

Tablb  VII. 


In  N  nitric  acid. 


In  N  Bodiam  Milf  ate. 


Sample. 
A... 
C... 
D... 
Dn. 
Di6. 
D26. 
E... 
Eii. 
E16. 
E26. 
H... 
J.... 
O... 
P.... 

Q... 
R... 
S.... 


Single  potential 
of  electrode. 


.3003 
.1707 

.1357 

.1382 

.1657 
.1168 

.1170 

.1184 

.1059 

.1137 
.1217 

.1377 
.1280 

.1112 

.0789 
.0714 
.0787 


Single  potential 
Sample.  oli~ 

A 

C 

D 

DI6 

D26 

E 

En 

E16 +0.0333 

E26 -f 0.0293 

H :..  +0.0463 

J --0.0387 

O — 0.1127 

p +0.0093 

Q +0.0973 

R +0.1073 

S +0.X603 


■0993 
.0677 

.0183 

.0667 

•0457 
.0460 
.0177 

0157 


On  examination  of  the  electrode  potentials  of  A,  C,  D,  E,  E16,  Q, 
and  S  in  normal  nitric  acid  and  comparison  of  their  transition  densit 
in  Tables  I,  II  and  III,  we  see  a  general  tendency  of  the  transition 
to  go  higher  as  the  electrode  potentials  get  larger.  The  same 
tendency  is  observed  in  the  case  of  samples  A,  C^  D,  E,  O,  P,  Q,  R  and  I 
1  Findlay,  "Practical  Physical  Chemistry." 
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in  normal  sodium  sulfate,  in  Tables  I,  II  and  III.  It  seems,  therefore, 
that  the  original  supposition  that  metals  with  low  solution  tensions  passivify 
at  a  lower  current  density  than  those  with  high  solution  tensions  is  in 
general  correct  for  this  character  of  material,  but  the  statement  cannot 
be  made  more  definite  at  this  time. 

Summary. 

1.  Samples  of  iron  of  very  different  composition  and  structiu-e  can  be 
made  passive  when  the  anode  is  an  electric  circuit.  The  transition  density 
from  active  to  passive  is  not  related  in  any  simple  way  to  the  composi- 
tion and*  structlu'e  of  the  samples,  The  nature  and  concentration  of 
the  electrolyte  are  factors  in  bringing  about  passivity  in  samples  of  the 
character  of  these  just  as  for  the  piu'e  metal. 

2.  We  believe  that  the  phenomenon  is  not  an  instantaneous  change 
from  active  to  passive,  but  a  gradual  adjustment  toward  a  new  condi- 
tion of  equiUbrium,  since  in  the  majority  of  the  experiments  less  iron 
goes  into  solution  as  the  ciurent  density  necessary  for  passivifying  is 
approached.  No  statement  can  be  made  relative  to  the  solubility  of  passive 
iron  of  this  character,  since  the  samples  behaved  normally,  i.  e.,  when 
the  circuit  was  broken  the  anode  became  active. 

3.  The  current  density  required  for  passivifying  increases  with  the 
electrode  potential.  In  general,  metals  with  low  solution  tension  passivify 
at  a  lower  current  density  than  those  with  high  solution  tension. 

Nsw  Oklsanb.  I#a. 
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DETERMINATION  OF  THE  SOLUBILITT  OF  SILVER  NITRITE 

AND  ITS  DEGREE  OF  DISSOCUTION  IN  A 

SATURATED  SOLUTION. 

By  Hsnrt  Jsrmaxn  Maudb  Cxbiohton  and  Whaxam  Hilus  Ward. 

Received  August  14,  1915. 

The  piu'e  silver  nitrite  used  in  the  following  measturements  was  prepared 
as  follows:  To  a  solution  of  silver  nitrate,  a  solution  containing  a  25% 
excess  of  potassium  nitrite  was  added,  the  precipitated  silver  nitrite 
allowed  to  settle,  the  supernatant  liquid  then  decanted  off  and  the  crystals 
washed  several  times  with  cold  water.  These  crystals  were  then  re- 
aystallized  twice  from  hot,  distilled  water,  and  finally  dried  between 
filter  paper.  In  order  to  ascertain  the  purity  of  these  crystals  of  silver 
nitrite,  which  were  pale,  lemon  yellow  in  color,  their  silver  content  was 
estimated  by  analysis  with  standard  ammonium  thiocyanate  solution, 
ferric  alum  being  used  as  an  indicator.  The  results  obtained  were  as  follows : 
(I)i  70.05%  Ag;  (II),  70.08%  Ag;  (III),  70.07%  Ag.  The  close  agreement 
between  these  values  and  the  theoretical  (70.10%  Ag)  is  indicative  of 
the  high  degree  of  purity  of  the  silver  nitrite  used  in  the  following  measure- 
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ments.  Owing  to  the  rapid  action  of  light  on  silver  nitrite,  it  was  kept 
in  brown  bottles  which  were  completely  covered  with  black  paper.  That 
silver  nitrite  when  so  kept  undergoes  but  slight  decomposition  is  shown 
by  the  fact  that  a  sample  of  the  salt,  at  the  end  of  two  months,  was  found 
to  contain  70.01%  Ag,  and  a  three-year-old  sample,  69.04%  Ag. 

The  solutions  of  pure  potassium  nitrite,  employed  in  some  of  the  experi- 
ments, were  prepared  by  adding  solutions  of  pure  potassium  chloriBe 
to  hot  solutions  containing  a  slight  excess  of  pure  silver  nitrite,  the  pre- 
cipitated silver  chloride  being  removed  by  filtration. 

Measiu^ements  of  the  conductivity  of  silver  nitrite  were  carried  out  at 
25  =*=  0.0 1  °,  the  temperature  being  maintained  by  means  of  an  electrically 
heated  and  regulated  thermostat.  The  resistances  were  measured  by 
means  of  a  drum  form  of  Wheatstone  bridge,  the  wire  of  which  was  ac- 
curate to  0.01%.  The  coils  of  the  resistance  box  were  accurate  to  0.02%. 
The  electrolytic  cell  was  3  cm.  in  diameter  and  10  cm.  high.  The  cell 
constant  was  determined  with  a  standard  solution  of  potassium  chloride. 
The  water  employed  in  the  preparation  of  the  silver  nitrite  solutions 
was  prepared  by  the  method  of  Jones  and  Mackay,^  and  had  a  specific 
conductivity  of  1.3-1.6  X.io~*.  The  conductivity  at  25°  of  silver  nitrite 
at  a  number  of  different  concentrations  is  given  in  Table  I. 

Table  I. — Conductivity  of  Silver  Nitrite. 


DUution. 

Equiv.  cond. 
A. 

V^o« 

37.13 

78.25 

0.63 

50.14 

84.45 

0.68 

74.26 

95.90 

0.77 

100.28 

102.53 

0.82 

148.52 

109.9 

0.88 

200.56 

115. 0 

0.93 

297 

122.0 

•    • 

401 

125. 1 

•    • 

594 

129.8 

■    ■ 

For  A  00 ,  the  value  124.2  has  been  used.  This  value  has  been  calculated 
from  the  electrolytic  mobility  of  the  cathion,*  /xg  =  62.5,  and  that  of 
the  anion,' /NOk  =  61.7,  at  25°.  From  the  rapidity  with  which  the  equiva- 
lent conductivity  increases  with  dilution,  exceeding  thq  limiting  value, 
A  00 1  at  a  dilution  of  400,  it  is  probable  that  hydrolysis  of  silver  nitrite 
occurs. 

In  order  to  determine  the  solubility  of  silver  nitrite,  a  large  excess  of 
the  salt  was  placed  in  each  of  two  bottles  of  300  cc.  capacity,  which  were 
three-fourths  filled  with  "conductivity"  water  and  closed  with  tight- 
fitting,  glass  stoppers.     These  bottles  were  agitated  in  a  large  thermostat, 

*  H.  C.  Jones,  and  £.  Mackay,  Am.  Chetn.  J.,  19,  283  (1897). 

*  Ostwald- Luther,  Phys.  Chem.  Messungen,  p.  481,  3rd  edition. 

*  F.  Vogel,  Z.  anorg.  Chem.,  35,  403  (1903). 
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the  temperature  of  which  was  kept  constant  within  0.02  °,  for  at  least 
fourteen  hours  at  temperatures  below  40**,  and  for  several  hours  at  higher 
temperatures.  At  the  end  of  the  period  of  agitation  the  bottles  were 
removed  from  the  stirring  device  and  kept  in  the  thermostat  for  two  or 
three  hours  longer,  in  order  to  allow  the  finely  divided  silver  nitrite  to 
settle.  About  25  cc.  of  each  solution  were  then  withdrawn  through  a 
small  tube  filled  with  glass  wool  into  a  pipet,  and  placed  in  Erlenmeyer 
flasks  fitted  with  glass  stoppers.  At  the  higher  temperatures,  the  pipet 
was  surrounded  with  a  hot  water  jacket,*so  as  to  prevent  the  silver  nitrite 
from  crystallizing  out  from  the  solution.  The  weights  of  the  solutions 
removed  were  determined,  and  the  weight  of  silver  nitrite  contained 
therein  ascertained  by  analysis  with  ammonium  thiocyanate.  From  the 
results  obtained  the  solubility  of  silver  nitrite  in  water,  t.  e.,  the  weight 
of  silver  nitrite  in  100  g.  of  solution,  was  calculated.  The  change  in  the 
solubility  of  silver  nitrite  witSi  temperature  is  given  in  Table  II.  The 
values  in  this  table  represent  the  means  of  at  least  two  determinations 
which  seldom  differed  by  more  than  a  few  tenths  of  1%. 

Tablb  II. — Change  m  Solubility. 

SolabOity. 

/ • » 

Mob  per  1000 
cc.  of  solution.  ■ 

O.OIO31 
0.01788 
0.02693 
0.03903 
0.06654 
0.08855 

The  influence  of  the  presence  of  a  second  electrolyte  containing  a  mutual 
ion  upon  the  solubility  of  another  is  governed  by  these  laws:  (i)  In  a 
saturated  solution  of  a  partially  dissociated  electrolyte,  the  concentration 
of  the  undissociated  portion  remains  constant  even  when  another  dissociated 
substance  is  added.  (2)  The  product  of  the  active  mass  of  the  ions  of 
the  electrolyte  remains  constant  even  when  another  electrolyte  having  a 
mutual  ion  is  added.  These  laws  may  be  expressed  mathematically  as 
follows: 

Wo  (i  —  OLo)  =  w  (i  —  a); 
(Woao)*  =  ma  (ma  +  xai), 

where  m©  and  m  represent  the  solubility  of  the  first  electrolyte  before 
and  after  the  addition  of  the  second,  oo  and  a  the  degree  of  dissociation 
of  the  first  electrolyte  before  and  after  the  addition  of  the  second,  ai 
the  degree  of  dissociation  and  x  the  concentration  of  the  second  electrolyte 
in  the  mixttu'e.  In  the  foregoing  equations,  Wo,  m  and  x  are  expressed 
in  mols  per  liter.  If,  therefore,  to  a  satuDrated  solution  of  an  electrolyte 
there  is  added  a  second  electrolyte,  having  either  an  anion  or  cathion  in 


Tempentore. 

G.  per  100  grams 
of  soluUon. 

I 

0.1589 

15 

0.2752 

25 

0.4135 

35 

0.6016 

51 

1.0240 

60 

1.3625 

n 
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common  with  the  jBrst,  it  is  evident  from  the  foregoing  that  the  eqi& 
brium,  existing  between  the  tmdissodated  molecules  and  the  ions  of 
first  electrolyte,  will  be  displaced  in  such  a  way  that  a  decrease  in 
solubiUty  of  the  first  electrolyte  results;  and,  moreover,  equimolar  adi 
of  the  mutual  anion  or  cathion  should  bring  about  the  same  decrease! 
the  solubiUty.  In  order  to  determine  whether  this  conclusion  holds 
silver  nitrite,  meastu-ements  of  its  solubiUty  in  the  presence  of  sil 
nitrate  and  in  the  presence  of  potassium  nitrite  have  been  carried  oat 
25**.    The  results  of  these  measurements  are  recorded  in  Table  III. 

Tabi«9  III. — ^Effect  of  Addbd  Salts  on  SoLUBUfrrY. 

Solubility  of  sUver  nitrite  in  the  presence  of 


Cone,  of 

AfNOior 

KNOiin 

mola  per 

Uter. 

Silver  nitrate. 

Potaannm  nitrite. 

G.  per  100 

grama  of 

■ol. 

Mob  per  1000 

oc.  of  loln. 

G.  per  100             Mola  per 

sranu  of                 1000  oc 

aoL                        aoL 

Oba. 

Gale. 

0.0000 

0.4135 

0.0269 

.  .• 

0.4135               0.0269 

0.00258 

0.3991 

0.0260 

0.0259 

0.3974               0.0259 

0.00588 

0.3735 

0.0244 

0.0247 

0.3820               0.0249 

O.OII77 

0.3432 

0.0224 

0.0227 

0.3560               0.0232 

0.02355 

0.2943 

0.0192 

0.0187 

O.3II9                  0.02Q3 

0.04710 

0.2498 

0.0164 

0.0139 

0.2765                   O.OI81 

As  is  to  be  expected,  the  results  in  the  preceding  table  show  that 
addition  of  silver  or  nitrite  ions  brings  about  a  decrease  in  the  solul 
of  silver  nitrite,  and  that  the  greater  the  concentration  of  these  ad( 
ions,  the  greater  the  decrease  in  the  solubiUty  of  the  salt.  It  will  be 
served,  however,  that  although  at  the  smaller  concentrations  eqi 
additions  bring  about  approximately  the  same  decrease  in  the  solul 
of  silver  nitrite,  as  the  concentration  of  the  addition  increases,  the 
f  erence  between  the  decrease  in  solubiUty  brought  about  by  each  of  the 
ions  becomes  more  and  more  marked,  reaching  10.4%  when  the 
centration  of  the  added  salt  is  0.0471  mol  per  Uter. 

By  means  of  the  preceding  equations,  it  should  be  possible  to  cal< 
the  solubility  of  silver  nitrite  in  the  presence  of  an  electrolyte  hav 
common  ion.     On  solving  the  second  of  these  equations  for  tn,  we  obf 


xai    , 

m  =  —  — -  + 

2a 


V- ■(?)*+?©■• 


Since  Nemst  has  shown  ^  that  in  a  mixture  of  two  binary  electrol] 
of  Uke  strength  (e,  g.,  salts  of  K,  Na,  NH4,  Ag,  etc.),  which  have  a  coi 
ion  and  concentrations  Ci  and  C2,  respectively,  the  degree  of  dii 
is  equal  to  and  of  the  same  value  as  that  which  would  correspond  to 
alone  for  the  concentration  (ci  +  d),  accordingly,  in  the  above  equal 
a  *=  ai,  and 

>  W.  Nemst,  Z.  physik.  Chem.,  4,  380  (1889). 
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This  equation  has  been  used  to  calculate  the  solubility  of  silver  nitrite 
in  the  presence  of  the  different  concentrations  of  silver  nitrate  given  in 
Table  III,  by  employing  for  oo  (the  degree  of  dissociation  of  silver  nitrite 
in  a  saturated  solution),  the  value  calculated  from  the  conductivity  data 
in  Table  I,  t.  e.,  Ast-u/Aoq  =  0.63,  and  for  a,  values  obtained  by  graphic 
interpolation  of  Kohlrausch's^  values  for  the  conductivity  of  silver  ni- 
trate, after  converting  them  from  18°  to  25®.  As  the  values  so  calculated 
for  the  solubility  of  silver  nitrite  are  very  much  smaller  than  those  de- 
termined by  experiment,  it  is  probable  that  the  value  for  oo  calculated 
from  conductivity  data  is  much  too  low.  The  degree  of  dissociation 
of  silver  nitrite  in  a  sattu'ated  solution  has  also  been  calculated  by  means 
of  the  equation  expressing  the  constancy  of  the  undissociated  molecules, 

nto  —  w  +  ma 


«o    = 

• 

The  data  employed 

for  the  calculation  of  <xo  and  the  values  obtained 

are  given  in  Table  IV. 

■ 

Tablb  IV. 

— Mo    =  0.0269. 

m  i-  ci. 

a. 

CI  +  cs.                   a  —  «i. 

ao. 

0.0260 

0.00258 

0.0286                    0.89 

0.894 

0.0244 

0.00588 

0.0303                    0.88 

0.89^ 

0.0224 

0.01177 

0.0342                    0.87 

0.892 

0.0192 

0.02355 

0.0428                    0.86 

0.899 

0.0164 

0.04710 

0.0635                    0.85 

0.909 

Mean, 

0.90 

Tri    i-liA    aVtrkTro    +qK1 

0      r^/^1       T     rriirA 

e    ^V\t^    csrwIiiKitiftr    r\^    ciIttat* 

ni+r^fxi    in    'fl^A 

presence  of  a  concentration,  ^2,  of  silver  nitrate.  Col.  4  gives  the  degree 
of  dissociation  of  silver  nitrate  corresponding  to  a  concentration,  (ci  +  c%). 
These  values  have  been  obtained  from  Kohlrausch's  conductivity  data 
for  silver  nitrate.  The  last  colimm  of  the  table  records  the  values  cal- 
culated for  the  degree  of  dissociation  of  silver  nitrite  in  a  saturated  solution 
at25^ 

The  mean  value  given  above  for  a©  has  been  used  to  calculate  the  solu- 
bility of  silver  nitrite  in  the  presence  of  silver  nitrate.  The  values  ob- 
tained are  recorded  in  Col.  4  of  Table  III,  where  it  will  be  observed  that 
these  values  agree  fairly  well  with  those  determined  by  experiment. 
The  large  deviations  between  the  calculated  and  experimental  values  of 
the  solubility  of  silver  nitrite,  when  the  degree  of  dissociation  ou>  is  ob- 
tamed  from  conductivity  measurements,  together  with  the  constancy 
of  the  values  for  a©  obtained  from  solubility  data,  indicate  that  it  is  very 
probable  that  the  degree  of  dissociation  of  silver  nitrite  in  saturated  solu- 

*  Kohlrausch,  P.,  Wied.  Ann.,  a6,  161  (1885). 
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tion  is  considerably  higher  than  the  value  calculated  from  conductivity 

data.     Using  a©  +0.90,  the  solubility  product  of  silver  nitrite  at  25* 

is  L  =  5.86  X  10- *. 

Summary. 

1.  Measurements  have  been  made  of  the  conductivity  of  aqueoia 
solutions  of  silver  nitrite  at  25  **.  The  results  obtained  indicate  that 
hydrolysis  of  the  salt  takes  place. 

2.  The  solubility  of  silver  nitrite  has  been  determined  at  a  ntmiber 
of  temperatures  between  i  and  60**. 

3.  Xhe  decrease  produced  in  the  solubility  of  silver  nitrite  by  the  addition 
of  silver  or  nitrite  ions  has  been  meastu'ed  at  25°.  It  has  been  found 
that  equimolar  quantities  of  these  ions  bring  about  approximately  the  same 
decrease  in  the  solubiUty. 

4.  Calculations  of  the  solubility  of  silver  nitrite,  in  the  presence  of 
diiferent  quantities  of  silver  nitrate,  indicate  that  the  degree  of  dissocia- 
tion of  silver  nitrite  in  a  saturated  solution  is  considerably  greater  than  is^ 
indicated  by  conductivity  measiu'ements. 

5.  From  the  data  obtained  in  the  solubility  measiu'ements,  a  mean  value' 
of  0.90  has  been  calculated  for  the  degree  of  dissociation  of  silver  nitrite' 
in  a  saturated  solution  at  25°.  Using  this  value,  the  solubility  product 
of  silver  nitrite  is  5.86  X  io~*  at  25  **. 

SWASTHXOKB,  Pa. 


THE  DERIVATIVES  OF  PERCERIC  OXIDE. 

[first  papbr.^ 

Bt  C.  C.  Mslocbb. 
Rccdved  July  21.  1915. 

The  preparation  and  analysis  of  a  derivative  of  perceric  oxide  was 
described  by  Cleve,^  who  foimd  that  perceric  hydroxide  corresponded] 
to  the  oxide  CeOg.  In  the  same  year  Lecoq  de  Boisbaudran'  published 
a  note  confirming  the  conclusions  of  the  former  investigator.  However, 
the  work  of  von  EZnorre^  does  not  entirely  substantiate  the  condusioas 
of  Cleve,  and  Mengel*  agrees  with  vpn  Knorre  in  his  position.  Pissar- 
jewski*  has  also  contributed  to  the  study  of  perceric  hydroxide. 

Methods  for  the  preparation  of  a  perceric  potassium  carbonate  solution 

were  first  described  by  Job.^    He  showed  that  the  oxidation  could  be 

'  This  paper  is  the  abstract  of  part  of  a  thesis  submitted  to  the  Graduate  Paciiltf 
of  the  University  of  Wisconsin  for  the  Degree  of  Doctor  of  Philosophy. 

*  Bull.  soc.  chim.,  [2]  43,  53  (1885);  Jahrb.  Fortsch.  Chem.,  1885,  491. 

*  Compt.  rend.,  zoo,  605  (1885);  Chem.  News,  51,  148  (1885);  Jahrb.  Partsck.  Chem., 
1885,  493. 

*  Z.  angew.  Chem.,  1897,  723. 

*  Z.  anorg.  Chem.,  19,  71  (1899). 

*  /.  Russ.  Phys.  Chem.  Ges.,  32,  609  (1900);  CetUr.,  [i]  1901,  86. 

^  Compt.  rend.,  128,  178,  1098  (1899};  Ann.  Mm.  phys.,  [7]  20,  246,  253,  261  (1900). 
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effected  by  air  as  well  as  by  hydrogen  peroxide,  and  isolated  the  double 
compound.  Batu*^  prepared  crystals  of  perceric  potassium  carbonate 
by  the  third  method  described  by  Job,  and  concluded  that  the  crystals 
obtained  by  this  method  had  not  been  analyzed  by  Job.  Baur  on  the 
basis  of  his  analysis  assigned  the  formula  Ce20(C03)208.4KsC08.ioHsO 
to  the  compound.  Job  gave  to  the  crystals  which  he  had  prepared  the 
formula  Cei08(C08)j.4K2CO|.i2H20. 

The  use  of  alkaline  cerous  carbonate  as  a  carrier  for  oxygen  has  been 
investigated  to  some  extent  by  Job*  and  Baur.'  The  absorption  of  oxygen 
by  alkaline  cerous  solutions  has  been  studied  by  Baur.^  An  investigation 
of  the  autoxidation  of  cerous  salts  has  also  been  conducted  by  Engler' 
in  connection  with  his  work  on  the  activity  of  oxygen. 

Perceric  Potassium  Carbonate. 

Reference  was  made  above  to  Job's*  discovery  of  a  double  potassium 
perceric  carbonate  having  the  formula  CejOi(C08)8.4K2C08.i2H20.  He 
prepared  this  compound  by  the  interaction  of  eerie  ammonium  nitrate 
and  hydrogen  peroxide  in  a  strong  solution  of  potassium  carbonate.  Cer- 
ous nitrate  was  also  found  to  be  suitable  for  this  preparation. 

Instead  of  working  in  strong  potassium  carbonate  solution,  as  was  done 
by  Job,  it  has  been  found  advantageous  to  pass  a  stream  of  carbon  dioxide 
through  the  potassium  carbonate  solution  until  a  large  part  of  the  po- 
tassium is  removed  as  the  bicarbonate.  The  filtered  liquid,  when  kept 
at  5**  for  twenty-four  hours,  deposits  ruby  red  crystals.  The  details  of 
the  method  are  as  follows: 

To  175  cc.  of  a  saturated  potassium  carbonate  solution  5  cc.  of  30% 
hydrogen  peroxide  are  added  and  then  13  g.  of  cerous  ammonium  nitrate 
dissolved  in  about  15  cc.  of  water  are  slowly  added  with  stirring.  The 
mixture  is  heated  rapidly  to  60°  and  kept  at  that  temperature  as  long 
as  the  color  of  the  solution  deepens.  As  soon  as  the  reaction  is  com- 
plete, carbon  dioxide  is  passed  through,  and,  after  the  temperature  has  de- 
creased somewhat,  the  vessel  is  placed  in  cold  water  to  which  a  piece  of 
ice  is  added  occasionally.  The  stream  of  carbon  dioxide  is  continued 
until  no  further  precipitation  of  potassium  bicarbonate  takes  place. 
The  mixture  is  then  cooled  to  o^,  or  slightly  above,  until  as  much  as 

*  Z.  onorg.  Chem.,  30, 256  (1902) ;  Centr.,  [i  ]  1902, 1046. 

*  Compt.  rend.,  234,  1052  (1902). 

*  Loc.  dt.,  p.  253, 

*  Ber.,  36,  3038  (1903);  Centr.,  [2]  1903,  931;  Ber.,  37,  795  (1904);  Centr.,  [1]  1904, 
991. 

»  Ber.,  36,  2642  (1903);  Cenir.,  [2]  1903,  547;  Ber.,  37,  49  (1904);  Centr.,  [i]  1904, 
566;  Ber.,  37, 3268  (1904);  Centr.,  [2]  1904, 1280;  C.  Engler  and  J.  Weissburg,  "Kritische 
Studien  uber  die  Vorgange  der  Autoxidation"  (Braunschweig,  1904,  Priedrich  Vieweg 
undSohn),  p.  iia. 

•Locdt. 
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n. 

Av. 

Det 

Pkobablc 

OOlBfL 

22.51 

22.44 

1.98 

2 

22.74 

31.21 

31.10 

4.09 

4 

30.56 

21.37 

21.40 

6.03 

6 

21.39 

3.86 

3.90 

3.02 

3 

389 

3.35 

3.46 

2.68 

3 

3.89 

17.70 

17.72 

12.20 

12 

17.52 

possible  of  the  potassium  bicarbonate  has  crystallized  out.  MeaniHnle, 
the  passage  of  carbon  dioxide  is  continued.  Rapid  filtration  through 
glass  wool  is  the  best  method  for  the  separation- of  the  potassium  bicar- 
bonate. Although  part  of  the  perceric  compound  seems  to  separate  ont 
in  a  finely  divided  form  it  is  not  retained  by  the  glass  wool.  The  fl- 
trate  is  warmed  to  40^  and  stirred,  whereupon  this  finely  divided  material 
passes  into  solution.  This  solution, is  now  passed  through  an  asbestos 
filter  to  remove  that  portion  of  the  original  perceric  precipitate  i^tiA 
remains  tmdissolved.  The  deeply  colored  liquid  is  covered  and  kept  al 
about  5  °  for  24  to  48  hours.  The  separated  crystals  are  thrown  upoo 
Buchner  ftmnel  provided  with  a  hardened  filter  and  washed  ynth  a  littk 
ice  water.  The  water  is  rapidly  sucked  off  and  the  crystals  are  air 
by  continuing  the  suction. 

The  analysis  of  the  compound  gave  the  following  results: 

Ratio. 

I. 

Ce 22.37 

KjO 30.98 

COi 21.42 

0» 3.93 

0« 3.56 

HiO 17.74 

The  preceding  results  correspond  to  the  formula  Cet04(COt)2.4KfCQi.i 
12H2O.     The  compound  prepared  by  Job  was  Ces03(COs)3.4KsCOa.i2 
The  one  prepared  by  Baur  was  Ce204(C08)2.4K2C0s.ioH2O. 

The  method  of  analysis  was  as  follows:    The  cerium  was  precipitated  as 
and  weighed  as  CeOs  according  to  the  usual  gravimetric  method.     The  potassinm 
the  filtrate  was  converted  to  the  sulfate  and  weighed  as  such  with  the  customary 
cautions.     The  carbon  dioxide  was  determined  gravimetrically  by  evolution  and 
sorption  in  potassium  hydroxide  solution,  sp.  gr.  1.27.     Sulfuric  acid  (i  :  5)  was  U 
to  be  best  adapted  for  the  decomposition.     The  method  used  for  the  detennmatiati 
available  oxygen  was  a  modification  of  the  one  employed  by  Job.     The  pi 
was  as  follows: 

A  small  suction  flask  was  fitted  with  a  three-hole,  tightly  fitting,  rubber  stopper; 
one-quarter  of  an  inch  thick.    A  dropt>ing  funnel,  a  buret  and  a  carbon  dioxide  di 
tube  were  attached.     The  side  neck  of  the  flask  was  made  the  outlet  for  carbon 
About  1.2  g.*  of  ferrous  ammonium  sulfate  were  weighed  out  and  placed  in  the 
flask.     Carbon  dioxide  which  had  been  washed  with  water  and  dried  by  means  of 
centrated  sulfuric  acid  was  passed  through  the  flask  until  all  the  air  had  been 
A  small  amotmt  of  cold  boiled  water  just  sufficient  to  dissolve  the  ferrous  anu 
sulfate  was  added  through  the  dropping  funnel.    After  solution  was  complete  50 

^  Available  oxygen. 

'  Unavailable  oxygen,  determined  by  difl^erence. 

*  On  account  of  temperature  conditions,  etc.,  it  will  sometimes  be  necessarf 
use  as  little  as  0.7  g.  of  ferrous  ammonium  sulfate  and  a  correspondingly  smaller 
of  sample.     In  any  case  no  more  ferrous  iron  should  be  present  than  can  be  pi 
and  redissolved  by  about  50  cc.  of  the  sodium  pyrophosphate  solution. 
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of  satorated  sodium  pirrophoephate  solution  was  introduced.  A  precipitate  was  formed 
which,  on  shaking,  redissolved  in  the  excess  of  reagent.  If  this  was  not  the  case  a  little 
more  sodium  pyrophosphate  was  added.  The  0.5  g.  sample  of  potassium  perceric  car- 
bonate, dissolved  in  20  cc.  of  saturated  potassium  bicarbonate  solution,  was  now  added 
through  the  dropping  funnel  and  followed  by  10  cc.  of  the  same  potassium  bicarbonate 
solution.  The  minimum  amount  of  cold  boiled  water  was  used  to  wash  the  solution  of 
ociium  into  the  flask  completely.  Titration  could  then  be  effected  by  means  of  standard 
potassium  permanganate  solution  from  the  buret.  The  end  point  was  the  first  appearance 
of  a  faint  yellow  color,  which  is  due  to  the  oxidation  'of  a  small  amount  of  cerium  to 
the  eerie  condition.  The  standardization  was  conducted  in  exactly  the  same  manner, 
except  that  no  cerium  was  dissolved  in  the  potassium  bicarbonate  solution.  In  this 
case,  since  no  cerium  was  present,  the  end  point  was  indicated  by  the  first  appearance 
of  a  faint  pink  color  due  to  a  slight  excess  of  permanganate.  Alkaline  ferrous  pyro- 
phosphate solution  is  readily  oxidized  by  gaseous  oxygen,  so  tha  tair  must  be  rigidly 
excluded.  The  results  obtained  by  this  method  were  checked  by  an  entirely  different 
method  to  be  described  later. 

The  total  water  was  determined  by  the  direct  method,  that  is,  by  heating  in  a  cturent 
of  dry  air,  absorbing  the  water  in  concentrated  sulfuric  add  and  weighing.  The  unavail- 
able oxygen  was  obtained  by  difference. 

Perceric  potassium  carbonate  parts  with  its  water  of  crystallization 
readily.  If  left  in  a  good  desiccator  over  sulfuric  add  or  calcium  chloride 
for  only  a  few  minutes  the  compound  changes  from  a  transparent  ruby 
red  to  an  opaque  orange  color.  Exposure  to  air  for  any  considerable 
length  of  time  produces  a  similar  effect. 

The  study  of  the  mode  of  combination  of  the  oxygen  in  the  compound 
Cei04(COs)a.4K2CO8.i2H2O  presents  many  interesting  features.  For 
convenience  we  may  classify  the  oxygen  as  follows: 

(I)  Three  cerous  oxygen  atoms;  (II)  One  eerie  oxygen  atom;  (III)  Two 
perceric  oxygen  atoms. 

The  three  cerous  oxygen  atoms  are  tmavailable.  One  of  the  remaining 
three  atoms  that  are  available^  differs  from  the  other  two.  All  three  are 
available  in  alkaline  solution,  but  in  acid  solution  a  result  is  obtained 
which  corresponds  to  one  atom  of  available  oxygen  for  every  two  atoms 
of  cerium. 

Job's  method  of  determining  total  available  oxygen  presents  the  ad- 
vantage that  in  the  presence  of  considerable  potassium  bicarbonate  no 
insoluble  compounds  are  formed.  No  hydrated  manganese  dioxide  is 
precipitated  and  the  manganese  of  the  permanganate  is  reduced  to  the 
divalent  condition.  However,  on  account  of  the  peculiar  natiu-e  of  the 
perceric  compound,  it  was  thought  desirable  to  study  the  total  available 
oxygen  by  an  altogether  different  method.  The  ordinary  methods  used 
for  the  determination  of  available  oxygen  are  not  applicable  in  this  in- 
stance. As  a  matter  of  fact,  the  compound  can  not  be  dissolved  in  a  mineral 

^  In  the  following  discussion  the  word  available  will  be  applied  to  oxygen  present 
in  such  form  that  it  can  be  used  efficiently  for  the  wet  oxidation  of  common  reducing 
agents  sudi  as  ferrous  ammonium  sulfate. 
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add  without  complete  decomposition  and  the  liberation  of  two-thirds 
of  its  available  oxygen  in  the  gaseous  state.  The  behavior  of  perceric 
potassium  carbonate  toward 
acid  ferrous  sulfate  and  potas- 
sium iodide  solutions  will  be 
discussed  quantitatively  later 
in  tti's  paper.  The  alterna- 
tive method  for  the  deter- 
mination of  the  total  available 
oxygen  will  be  described  fiisL 
The  principle  utilized  is  that 
the  perceric  compound  on 
treatment  with  sulfuric  add 
in  excess  yields  free  ozygeo. 
The  remaining  available  oxy- 
gen can  be  determined  by  one 
of  the  usual  methods,  for  ex- 
ample, by  means  of  ferrous 
ammonium  sulfate  and  potas- 
sium permanganate. 
1  The  determination  of  the 
free  oxygen  Uberated  on  treat- 
ment  with  sulfuric  add  was 
made  in  an  apparatus  (see 
Pig.  i)  constructed  especially  for  the  purpose.  The  details  of  the  method 
are  as  follows : 

About  o.s  Z-  of  the  potassium  perceric  carbonate  was  weired  out  aud  idaced  in 
the  decompo^tioD  cell  C,  The  air  was  then  displaced  by  a  stream  of  carbon  diauk 
which  had  been  washed  with  water  and  moist  phosphorus.  The  decompositioa  ccU 
was  connected  to  a  pipet  containing  33Vi%  potassium  hydroxide  solution.  Decompo- 
sition of  the  sample  was  accomplished  by  treating  with  an  excess  of  sulfuric  acid  (i  :  j) 
The  acid  was  admitted  through  the  bottom  of  the  cell  under  sufficient  pressure  to  pre- 
vent the  loss  of  gas  through  the  inkt.  The  apparatus  was  so  constructed  ttiat  water 
could  be  admitted  instead  of  the  acid  to  force  the  gas  into  the  absorption  (»pet.  The 
carbon  dioxide  was  first  absorbed  and  the  residue  of  oxygen  returned  to  the  gas  bnnt 
and  measured.  1-ater,  the  oxygen  was  absorbed  by  means  of  alkaline  pyrogallate  soh- 
tion  in  the  regular  manner-  The  small  residue,  presumably  nitrogen,  was  returned  to 
the  buret,  measured  and  subtracted. 

The  values  obtained  for  the  gaseous  oxygen  liberated  when  the  com- 
pound Cei0t(C0a)).4KjC0s.  1 2H1O  was  treated  with  sulfuric  add  in  ex- 
cess were ; 


Ratio  of  Ce  :  O  in  atoms i  :  i  -995  '  ■   » -95*  *  :  i  -W* 

It  is  thus  seen  that  when  the  above  compound  is  treated  as  stated 
two  atoms  of  oxygen  are  immediately  and  quantitatively  evolved. 
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For  the  determination  of  the  available  oxygen  which  remains  after 
treatment  with  dilute  sulfuric  acid,  a  separate  sample  was  employed. 
The  decomposition  was  first  effected  with  a  small  amount  (about  5  cc.) 
of  dilute  sulfuric  acid  (1:3).  A  weighed  excess  of  ferrous  ammonium 
sulfate  was  then  dissolved  in  cold  boiled  water,  acidified  with  sulfuric 
add  and  added  to  the  solution  of  the  sample.  The  volume  was  then 
brought  to  about  200  cc.  and  the  excess  of  ferrous  ammonium  sulfate 
titrated  with  potassium  permanganate.  The  available  oxygen  remaining 
in  solution  was  found  to  be  as  follows: 

%  oxygen i .  26  i .  24 

Ratio  of  Ce  :  O  in  atoms 2  :  o. 98  2  :  o. 97 

These  results,  and  those  obtained  above,  show  that  when  the  potassium 
perceric  carbonate  is  treated  with  dilute  sidfuric  acid  two  atoms  of  oxy- 
gen are  evolved,  while  one  atom  remains  in  solution  and  is  available  for 
the  oxidation  of  ferrous  ammonium  stdfate.  The  results  obtained  by 
this  alternative  method  are  in  good  agreement  with  those  obtained  by  the 
ferrous  pyrophosphate  method.  The  ratio  of  the  number  of  atoms  of 
cerium  to  the  number  of  atoms  of  total  available  oxygen  is  therefore 
2:3  according  to  both  methods. 

It  is  of  interest  to  note  that  the  available  oxygen  remaining  after  treat- 
ment with  dilute  sulfuric  acid  is  present  in  the  form  of  hydrogen  peroxide, 
as  is  shown  by  the  addition  of  titanium  sulfate  solution.  That  the  solu- 
tion contains  no  eerie  sulfate  is  indicated  by  the  fact  that  it  does  not 
possess  the  bright  yellow  color  .characteristic  of  a  oeric  sulfate  solution. 
The  sulfuric  add  solution  of  the  compound  under  discussion  not. only 
oxidizes  ferrous  ammonium  sulfate,  but  also  reduces  potassiimi  perman- 
ganate solution,  a  further  indication  that  the  remaining  available  oxygen 
is  present  as  hydrogen  peroxide. 

In  this  connection  it  is  well  to  examine  the  results  obtained  by  the 

ordinary  methods  for  the  determination  of  available  oxygen.     On  the 

basis  that  part  at  least  of  the  available  oxygen  was  present  in  the  form 

of  combined  hydrogen  peroxide,  a  determination  of  the  available  oxygen 

was  made  by  the  iodimetric  method  modeled  after  the  method  of  King- 

zett  for  hydrogen  peroxide.    The  concentrations  were  preserved  as  nearly 

as  possible  the  same  as  in  the  Kingzett  method,  considering  the  fact  that 

the  perceric  compotmd  was  dissolved  in  potassium  bicarbonate  solution. 

The  following  was  the  method  adopted:  Two  grams  of  potassium  iodide  were 
dissolved  in  150  cc.  of  cold  boiled  water  and  35  cc.  of  sulfuric  add  (1:2)  added,  then, 
with  constant  stirring,  20  cc.  of  saturated  potassiiun  bicarbonate  solution  containing 
0.5  g.  of  perceric  potassium  carbonate  were  added.  About  30  cc.  of  wash  water  were 
required.  After  allowing  to  stand  for  5  minutes  the  titration  was  made  with 
sodium  thiosulfate,  using  freshly  prepared  starch  paste  as  indicator.  One  cc.  of 
the  sodium  thiosulfate  solution  was  equivalent  to  0.0005055  g.  oxygen.  The  results 
obtained  were 
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%  oxygen i  .34  i  .34 

Ratio  of  Ce  :  O  in  atoms 2  :  i  .048  2  :  i  .048 

It  will  be  observed  that  two-thirds  of  the  available  oxygen  is  not  avail-  , 
able  by  this  method. 

An  attempt  was  also  made  to  determine  the  total  available  oxygen  by 
dissolving  the  sample  in  dilute  (1:10)  sulfuric  add  containing  a  weighed  j 
excess  of  Mohr's  salt  and  titrating  the  excess  of  the  latter  with  potasaum  ' 
permanganate  solution.    The  results  obtained  were  discordant,  but  cone- 
sponded  to  somewhat  over  one  atom  of  available  oxygen  for  every  two  j 
atoms  of  cerium.  1 

Since  the  three  available  oxygen  atoms  in  perceric  hydrate  can  be  de- 1 
termined  by  treating  in  the  cold  with  a  dilute  sulfuric  add  solution  of 
ferrous  ammonium  sulfate  and  titration  of  the  excess  with  potassinm  1 
permanganate,  it  was  thought  that  the  double  perceric  potassium  carbon-  > 
ate,  after  hydrolysis  in  the  cold,  might  yield  similar  results  by  the  same  ^ 
method,  but  the  results  obtained  were  very  similar  to  those  obtained 
above  without  previous  hydrolysis. 

The  loss  of  about  two-thirds  of  the  oxygen  may  be  regarded  as  a  physical  i 
one.  The  above  work  indicates  that  it  is  impossible  for  perceric  com-j 
pounds  to  exist  in  a  solution  acid  with  a  mineral  add  such  as  sulfuiic] 
add;  also,  the  compound  in  contact  with  water  alone  undergoes  rapid  j 
hydrolysis.  It  is  therefore  evident  that,  in  the  presence  of  add,  contact. 
is  necessary  to  make  this  oxygen  available  in  the  nascent  form.  The  reasoo.^ 
for  the  fact  that  a  large  portion  of  the  .oxygen  is  not  available  for  wet , 
oxidation  is  similar  to  the  one  which  must  also  be  assigned  for  the  fact) 
that  large  portions  of  the  hydrogen  are  not  available  when  certain  of  theJ 
metals  are  treated  with  dilute  hydrochloric  add. 

This  loss  of  oxygen  is,  however,  easily  explained  on  a  purely  chemical  j 
basis.  Ratios  already  given,  the  fact  that  after  treatment  with  add] 
one  oxygen  remains  in  solution  as  hydrogen  peroxide,  and  the  other  facts] 
dted  in  the  following,  indicate  that  the  equation  representing  the  reaction, 
under  discussion  may  be  written  as  follows: 

2Ce08  +  3H2SO4  =  Ce,(S04)8  +  O2  +  HjO,  +  2H8O 
The  autoreduction,  by  which  the  oxygen  is  produced,  is  probably  intra* 
molecular,  so  that  the  oxygen  is  evolved  in  the  molecular  rather  than  in 
the  atomic  state. 

That  there  are  only  two  atoms  of  peroxide  oxygen  in  the  perceric  com- 
plex seems  reasonable  from  the  following  considerations:  If  three  atoms 
were  present  more  than  one  molecule  of  hydrogen  peroxide  would  probably 
remain  in  solution  after  treatment  with  cold  dilute  sulfuric  acid.  If 
only  one  atom  of  peroxide  oxygen  were  present,  it  is  improbable  that  anv 
hydrogen  peroxide  would  remain  after  treatment  with  add,  since  the 
following  reaction  takes  place  quantitatively: 
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2Ce(S04)2  +  H2O2  =  CeaCSOOs  +  O2  +  H2SO4 
The  presence  of  peroxide  oxygen  is  indicated  qualitatively  by  the  following 
reactions:  When  a  10%  solution  of  the  perceric  potassium  carbonate 
in  23%  potassiun)  carbonate  solution  was  treated  with  a  strong  potassium 
carbonate  solution  of  potassitmi  ferricyanide,  potassium  permanganate, 
potassium  manganate,  potassium  hypochlorite,  or  potassium  hypobromite, 
a  lively  evolution  of  oxygen  was  observed.  Likewise,  when  a  10%  solu- 
tion of  the  same  compound  in  sattu-ated  potassium  bicarbonate  solution 
was  treated  with  lead  dioxide,  oxygen  was  evolved.  In  this  connection 
the  structural  formula  which  Engler^  has  suggested  for  Job's  compound 
is  of  interest. 

A  very  interesting  property  of  perceric  solutions  which  has  not  been 
mentioned  above  is  their  behavior  toward  hydrogen  peroxide.  The 
dark  red-brown  precipitate  produced  by  the  addition  of  this  reagent 
corresponds  possibly^  to  Ce04,  but  no  detailed  study  of  it  has  yet  been  made. 

The  remarkable  stability  of  the  double  potassium  perceric  carbonates 
is  one  of  their  most  interesting  characteristics.  This  is  illustrated  by 
the  comparative  permanency  of  the  potassium  carbonate  solution.  The 
solution  will  keep  for  months  with  only  slight  decomposition.  Such  be- 
havior is  in  marked  contrast  with  that  of  a  similar  solution  of  hydrogen 
peroxide.  As  previously  stated,  the  compounds  part  with  their  water 
easUy.  The  remaining  complex,  however,  can  be  heated  for  long  periods 
above  no**  without  decomposition.  Job'  states  that  by  heating  the 
compound  Ce203(C08)3.4K2C08.i2H20  to  no**  the  compound  Ce208- 
(COa)i.4K2C08  was  obtained  free  from  water.  It  was  still  soluble  in 
potassium  carbonate  solution  and  produced  the  characteristic  blood-red 
coloration,  and,  furthermore,  the  available  oxygen  remained  intact.  This 
work  would  indicate  that  the  peroxide  oxygen  is  not  combined  as  hydrogen 
peroxide.  The  compound  Ce204(C08)2.4K2C08.i2H20  was  desiccated 
and  later  heated  for  several  hoiu-s  to  110-120*^.  A  test  showed  that 
after  this  treatment  a  little  water  still  remained.  The  heating  was  then 
continued  at  133-138°  for  two  hours.  A  trace  of  water  still  remained, 
however.  The  dried  material  was  for  the  most  part  soluble  in  potassium 
carbonate  and  yielded  the  characteristic  blood-red  solution.  Two  analyses 
gave  for  the  content  of  available  oxygen  the  following  results: 

(I)  4.35%  (11)  4.42% 

The  percentage  required  by  theory  for  theanhydrous  compound  is  4.72%. 
It  seems  then  that  the  process  of  drying  at  133-138°  is  accompanied  by 
the  loss  of  small  amounts  of  the  available  oxygen.  In  this  case  the  loss 
was  about  0.3%. 

*  ^^-f  36,  2642  (1903);  Engler  and  Weissburg,  Loc.  cit. 
•Job,  Ann.  chim.  pkys.,  [7]  20,  261  (1900). 

*  Job,  Ibid.,  [7]  20,  251  (1900). 
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Summary. 

A  different  procedure  for  the  preparation  of  perceric  potassium  car- 
bonate has  been  described.  The  compound  prepared  by  this  method  is 
somewhat  dififerent  from  other  similar  compounds  prepared  by  Job  and 
Baur.     Analysis  shows  that  the  formula  is  Ce2O4(CO8)2.4K2CO8.i2H20. 

The  manner  in  which  the  oxygen  is  combined  has  been  studied  in  con- 
siderable detail.  It  has  been  shown  that  two-thirds  of  the  available 
oxygen  is  to  be  regarded  as  peroxide  oxygen. 

.  Two  different  methods  for  the  determination  of  total  available  oxygen 
have  led  to  the  same  conclusions.  This  work  has  confirmed  Job's  ob- 
servation that  the  ordinary  methods  for  the  determination  of  total  avail- 
able oxygen  are  not  applicable  in  such  instances. 

The  preparation  and  properties  of  various  other  perceric  derivatives 
will  be  given  in  another  paper. 

In  conclusion,  the  author  wishes  to  acknowledge  his  indebtedness  to 
Professor  Victor  Lenher  for  helpful  suggestions  and  for  the  interest  which 
he  has  at  aU  times  manifested  in  the  above  work. 

Madison,  Wisconsin. 
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Both  methods  are  based  oil  the  slight  differences  in  solubility  of  the 
relatively  insoluble  salts  of  the  group,  both  being  applications  of  the 
principle  involved  in  fractional  precipitation. 

According  to  this  principle,  as  is  well  known,  if  a  precipitating  agent, 
such  as  ammonium  carbonate,  is  added  to  a  solution  containing  a  mixture 
of  salts  of  metals  whose  carbonates  are  relatively  insoluble,  such  as  those 
of  the  alkaline  earths,  the  least  soluble  carbonate  is  the  one  to  be  first 
precipitated.  The  carbonates  continue  to  be  precipitated  in  order  of 
their  solubility,  with  exceptional  action  only  in  the  case  of  very  high 
concentration.  However,  if  barium,  for  instance,  is  precipitated  as  a 
carbonate,  and  then  a  solution  of  a  sulfate  is  added,  it  is  converted  into 
the  less  soluble  sulfate.  Also,  if  barium  is  precipitated  as  a  carbonate 
and  a  solution  of  a  strontium  salt  is  then  added,  barium  carbonate  dis- 
solves, strontium  carbonate  b.eing  formed. 

If,  then,  two  or  more  precipitating  agents  are  added  to  a  solution  con- 
taining a  mixture  of  salts,  any  given  metallic  ion  will  unite  with  that  add 
ion  which  forms  the  least  soluble  salt. 


SEPARATION  OP  THE  MBTALS  OF  THE  ALKALINE-EARTH  GROUP.       2347 

This  principle  is  employed  by  Stieglitz»^  also  by  A.  A.  Noyes.'  In 
the  present  instance  the  writer  proposes  its  application  to  the  group 
analysis. 

The  first  method  is  as  follows:  the  solution,  containing  salts  of  the 
alkaline-earth  metals,  is  treated  with  excess  of  solutions  of  ammonium 
carbonate  and  ammonium  sulfate  together.  Barium  precipitates  as 
sulfate,  and  calcium  and  strontium  as  carbonates.  This  mixture  is  brought 
to  boihng  and  allowed  to  stand  20-30  minutes,  with  occasional  stirring, 
as  it  has  been  fotmd  that  the  action  is  not  immediately  complete.  Es- 
pecially is  this  true  in  the  presence  of  magnesium  salts.  Some  magnesium 
may  also  be  precipitated  as  magnesium  ammoniimi  carbonate.  The  mix- 
ture is  then  filtered,  and  the  precipitate  washed  until  free  from  precipi- 
tating agents.  The  precipitate  is  washed  into  a  beaker,  using  as  small 
an  amount  of  water  as  possible,  and  1.5  volumes  of  1%  acetic  acid  added, 
and  the  mixture  brought  to  boiling,  dissolving  the  carbonates  and  driving 
off  carbon  dioxide.  Enough  acid  should,  of  coiurse,  be  present  to  complete 
this  action.  The  tmdissolved  precipitate  is  barium  sulfate.  This  is 
filtered  off,  using  paper  ptdp;  the  precipitate  is  washed,  and  barium 
confirmed  by  the  flame.  The  filtrate  contains  the  acetates  of  calcium 
and  strontium,  possibly  also  some  magnesium  acetate.  This  filtrate  is 
made  slightly  alkaline  with  ammonium  hydroxide,  is  then  treated  with 
excess  of  ammonium  carbonate  and  ammonium  oxalate  together,  and  the 
mixture  is  brought  to  the  boiling  point  with  stirring.  It  is  then  allowed 
to  stand  20-30  minutes  with  stirring,  is  filtered,  and  the  precipitate 
washed  until  free  from  precipitating  agents.  This  precipitate  consists 
of  calcium  oxalate  and  strontiiun  carbonate.  It  is  washed  from  the  paper 
with  a  small  amotmt  of.  water,  and  1.5  volumes  of  1%  acetic  acid  added, 
and  the  mixture  stirred  or  shaken  vigorously  for  a  few  minutes  to  dissolve 
the  strontium  carbonate  and  expel  the  carbon  dioxide.  As  before,  enough 
acid  should  be  present  to  complete  this  action.  It  is  then  filtered,  and 
the  residue,  consisting  of  calcium  oxalate,  washed.  The  filtrate  is  made 
slightly  alkaline  with  ammonium  hydroxide,  and  the  strontium  then 
precipitated  with  ammonitun  sulfate  or  ammonium  carbonate,  evaporating 
the  solution  if  the  volume  is  large,  and  confirmed  with  the  flame,  as  is 
also  the  calcium  in  the  calcium  oxalate. 

In  the  presence  of  both  the  carbonate  and  oxalate  ion,  the  strontium 
is  apparently  nearly  completely  precipitated  as  carbonate,  and  the  cal- 
cium as  oxalate,  provided  a  little  time  is  allowed  for  the  action  to  complete 
itself.  In  the  absence  of  calcium,  the  entire  precipitate  formed  upon  the 
addition  of  ammonium  carbonate  and  ammonitun  oxalate  consists  of  the 

*  "Qualitative  Chemical  Anal3rsis/'  ii,  p.  21,  "Separation  and  Determination  of 
Strontium." 

^  "QuaHtatsve  Chemical  Aoalym"  p.  85. 
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carbonate  of  strontium,  and  dissolves  easily  in  acetic  acid.     In  the 
sence  of  strontium,  the  entire  precipitate  consists  of  the  oxalaie  of 
cium.    This  is  only  very  slightly  soluble  in  cold  i%  acetic  add,  so  that 
the  absence  of  strontium,  a  very  faint  cloudiness  results  when  the 
add   solution   is   treated   with   ammonium   carbonate.-    This   sdul 
seems  to  decrease  if  the  predpitate  is  allowed  to  stand  the  20-30 
before  filtering.     A  small  amount  of  magnesium  may  ap|>ear  here 
magnesium  oxalate,  distinguishable  from  calcium  by  the  flame. 

The  two  most  important  points  for  a  clear-cut  separation  are, 
the  sufiident  washing  of  the  predpitates,  and  second,  allowing  the 
cipitates  to  stand  before  filtering.  In  this  respect  the  method  does 
differ  from  others.  If  the  washing  is  not  thorough,  and  the  sulfate  i 
remains  in  soluble  form  with  the  residue  of  insoluble  sulfate  and 
it  will,  of  course,  combine  with  the  strontium  ion,  when  the  stronti 
carbonate  is  dissolved  by  acetic  add,  thus  causing  strontium  sulfate 
remain  in  the  residue  with  barium  sulfate.  In  regard  to  the  second 
the  time  is  probably  necessary  because  the  solubilities  of  certain  of 
salts  are  so  nearly  the  same,  as,  for  instance,  that  of  barium  sulfate 
barium  carbonate,  and  that  of  strontium  sulfate  and  strontium  carbo; 
that  time  must  be  allowed  for  complete  reversion  to  the  less  soluble 
the  two,  althoughr  the  action  is  nearly  complete  after  simply  heai 
the  mixture.  This  seems  to  be  indicated  by  the  fact  that  when  the 
dpitate  of  carbonates  and  sulfates  was  not  so  allowed  to  stand, 
filtering,  some  barium  appeared  in  the  solution  of  acetates  of  stronti 
and  calcium,  even  when  the  mixture  was  subsequently  only  warmed 
not  boiled  with  i  %  acetic  add ;  also,  that  when  the  mixture  had  been 
to  stand,  even  bringing  to  a  boil  with  1%  acetic  acid  showed  no 
in  the  filtrate.  This  seems  to  be  also  true  in  the  case  of  the  stron 
carbonate  and  calcium  oxalate.  If  filtered  at  once,  after  the  addi 
of  the  predpitating  agents,  or  after  a  few  minutes  of  warming,  nd 
the  calcium  flame,  when  a  small  amount  of  calcium  is  used,  nor  the 
tium,  when  a  small  amount  of  strontium  is  used,  is  pure.  As  the 
ing  experiments  will  show,  this  is  not  the  case  when  the  mixture  of 
dpitates  stands  after  being  heated. 

In  the  following  experiments  the  mixture  analyzed  contained  in 
case  5  cc.  of  a  normal  solution  of  barium  chloride,  5  cc.  of  a  normal 
tion  of  calcium  chloride,  and  5  cc.  of  a  normal  solution  of  magn 
chloride,  together  with  the  amount  of  strontium  salt  specified 
was  predpitated  with  15  cc.  ammonium  sulfate  solution  (M),  and  15 
ammonium  carbonate  solution  (250  g.  to  the  liter)  and  analyzed 
to  the  foregoing  outline.      In  every  case  enough  water  was  first 
to  the  solution  to  make  the  total  volume  100  cc.     No  ammonium 
was  used.'    In  the  first  five  experiments  following,  the  mixture  was 
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immediately  after  being  heated  with  the  precipitating  agents.     In  the 

last  two  (6  and  7),  the  mixture  stood  30  minutes  before  being  filtered, 

and  no  barium  appeared  in  the  filtrate.     Boiling  with  1%  acetic  acid,  after 

being  thus  allowed  to  stand,  did  not  affect  bariiun.    Apparently  a  small 

amount  of  barium  is  present  as  barium  carbonate,  when  precipitation 

is  first  effected.    This  is  probably  completely  changed  to  barium  sulfate 

on  standing  a  short  time. 

(i)  0.5  cc.  0.1  N  SrCls      Mixed  ppt.  of  carbonate  and  stilfate  boiled  with  5%  HAc. 

Distinct  ppt.  when  tested  for  Sr  with  ammonium  carbonate. 
Indeterminate  flame. 

(2)  0.7  cc.  0.1  JVSrClt      Mixed  ppt.  of  carbonate  and  sulfate  boiled  with  5%  HAc. 

Distinct  ppt.  when  tested  for  Sr  with  ammonium  carbonate. 
Mixed  flame. 

(3)  I  cc.  o.  I  N  SrCls         Mixed  ppt.  of  carbonate  and  sulfate  boiled  with   i  %  HAc. 

Distinct  ppt.  when  tested  for  Sr  with  ammonium  carbonate. 
Ca  and  some  Ba  in  flame. 
The  main  barium  sulfate  residue,  after  being  thoroughly  washed,  showed  no 
calcium  or  strontium  flame. 

(4)  I  cc.  o.i  N  SrCU         Mixed  ppt.  of  carbonate  and  sulfate  boiled  with  1%  HAc 

Ammonium    sulfate   used    to    precipitate   Sr.    Slight    ppt. 
Barium  flame  with  trace  of  strontium. 

(5)  1.5  cc.  0.1  iV  SrClt      Mixed  ppt.  of  carbonate  and  sulfate  warmed,  not  boiled  with 

HAc. 
Ammonium  sulfate  used  to  test  for  Sr. 
Slight  ppt.     Sr  and  Ba  flame. 

(6)  1.5  cc.  o.i  ATSrCls      Stood  30  minutes  after  the  addition  of  precipitating  agents. 

Mixed  ppt.  warmed,  not  boiled  with  i  %  HAc.     Ammonium 
sulfate  used  to  test  for  Sr.     No  ppt.,  even  on  heating. 

Prom  Experiments  5  and  6  it  would  appear  that  if  the  mixed  precipi- 
tate is  allowed  to  stand  before  filtering,  barium  does  not  go  into  solution. 

(7)  2  cc.  0.1  i^^SrClt         Stood  30  minutes  after  the  addition  of  precipitating  agents. 

Mixed  ppt.  boiled  with  i  %  HAc. 

Stood  20  minutes  with  ammonium  carbonate  and  ammonitmi 
oxalate.    Ammonium  sulfate  used  to  test  for  Sr.    Slight  ppt. 

Solution  evaporated  and  precipitated  with  ammonium  car- 
bonate.   Considerable    precipitate;    fine,  pure    strontium 
flame.     No  barium. 
2  cc.  0.1  iVSrClj  =  8.7  mg.  of  strontium. 

In  the  following  experiments  the  mixture  analyzed  contained  in  every 
case,  5  cc.  AT  barium  chloride  solution,  5  cc.  N  strontium  chloride  solution, 
5  cc.  iV  magnesium  chloride  solution,  together  with  the  amount  of  calcium 
salt  specified.  Total  volume  of  sol\ition  made  up  to  100  cc.  No  ammonium 
chloride  used.  Procedure  the  same  as  in  preceding  experiments. 
In  Expts.  I  and  2  the  mixture  of  precipitated  oxalate  and  carbonate 
was  filtered  immediately  after  being  brought  to  boiling  with  the  pre- 
dpitating  agents.  In  Bxpt.  3  this  mixture  was  allowed  to  stand  20 
minutes  before  filtering. 
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(2)  I  cc.  0.1  iVBaCli 

(3)  I  cc.  0.1  iVBaCli 


(i)  1.5  cc.  o.i  N  CaCls     5%  HAc  used  for  both  separations. 

Cloudy    residue    for    calcium.     Red    flame,  not  free 
strontium. 

(2)  2  cc.  0.1  N  CaCU        1%  HAc  used  for  both  separations. 

Distinct  residue  for  calcitun.    Mixed  flame. 

(3)  2  cc.  0.1  N  CaCli        1%  HAc  used  for  both  separations.     Stood  20  minutes 

ammonitun  carbonate  and  ammonium  oxalate  before 
ing. 
Slight  residue;  fine  calcium  flame. 
2  cc.  o.  X  N  CaCh  =  4  mg.  of  calcium. 

In  the  following  experiments  the  mixture  analyzed  contained,  in 

case,  5  cc.  A^  calcium  chloride  solution,  5  cc.  iV  strontium  chloride 

tion,  5  cc.  N  magnesium  chloride  solution,  together  with  the 

amount  of  barium  chloride.    Total  volume  100  cc.     Procedure  the 

as  in  the  preceding  experiments.     In  Expts.  i  and  2  the  precipitate^ 

sulfate  and  carbonate  was  filtered  immediately  after  being  heated 

the  precipitating  agents.     In  Expt.  3  this  precipitate  was  aOowed' 

stand  30  minutes  after  heating,  before  it  was  filtered. 

(i)  0.5  cc.  0.1  N  BaCls     Mixed  ppt.  of  sulfate  and  carbonate  boiled  with  1% 

Very  slight  residue.     No  flame  test  obtainable. 
Mixed  ppt.  of  sulfate  and  carbonate  boiled  with  i  % 
Very  slight  residue.     Barium  flame. 
Mixed  ppt.  of  sulfate  and  carbonate  stood  30  minutes. 
Boiled  with  1%  HAc.     Considerable  residue;  strong 
flame. 
I  cc.  0.1  iV^  BaCIs  —  6.8  mg.  of  barium. 

Experiments  2  and  3  are  the  same,  except  for  the  diflference  of 
In  2  probably  some  of  the  barium  remains  as  barium  carbonate,  dissdi 
in  the  acetic  acid. 

These  amotmts  could  be  easily  detected,  giving  decided  residue 
good  flame  tests. 

The  second  method  xnakes  use  of  the  same  principle,  with  somei 
different  appUcation.  In  this  method  strontium  sulfate  is  dissolved 
the  use  of  lead  acetate,  the  less  soluble  lead  sulfate  being  formed. 

The  solubilities  (Stieglitz)  of  the  sulfates  of  the  alkaline-earth 
and  of  lead  sulfate  are  as  follows,  given  in  mols  per  liter: 

BaSOi,  0.041;  SrS04,  0.0362;  CaSO^,  0.015;  PbSO*.  0.0113 

It  will  be  seen  that  lead  sulfate  lies  between  barium  sulfate  and 
tium  sulfate.     If  lead  acetate  is  added  to  a  suspension  of  calcium 
strontium  sulfate  and  barium  sulfate  in  water,  calcium  and  strocl 
go  into  solution  as  acetates,  lead  sulfate  being  precipitated.    Bt 
sulfate  is  not  affected. 

The  method  is  as  follows:  A  part  of  the  solution  i9  Q^t  test^  for 
ium  with  potassium  chromate  and  the  flame.  The  remainder  of  the 
tion»  without  removing  barium,  is  then  treated  with  ftnrnionima 
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and  precipitation  effected  with  ammonium  sulfate,  the  mixture  being 
brought  to  boiling.  Most  of  the  calcium  remains  in  solution.  Barium 
and  strontitun,  with  perhaps  a  small  amotmt  of  calcium,  are  precipitated 
as  sulfates.  These  are  filtered  off  through  paper  pulp,  washed  twice, 
and  then  transferred  by  washing  to  a  beaker  and  treated  with  an  ex- 
cess of  lead  acetate  solution  (N).  This  mixture  is  warmed,  not  boiled, 
for  a  few  minutes  and  filtered.  The  filtrate  contains  strontium  acetate, 
the  excess  of  lead  acetate,  and  probably  a  small  amount  of  calcium  ace- 
tate. The  residue  contains  lead  sulfate  and  barium  sulfate.  The  filtrate 
is  freed  from  excess  of  lead  by  hydrogen  sulfide,  and  is  then  tested  for 
strontium  with  ammonium  stdfate,  or  with  carbonate  and  oxalate  ac- 
cording to  Method  i. 

It  appears  from  the  following  experiments  that  if  the  mixture  is  boiled 
with  lead  acetate,  some  barium  goes  into  solution.  (Bxpts.  i  and  2.) 
If,  however,  the  mixture  of  sulfates  is  warmed,  but  not  boiled  with  tead 
acetate,  barium  does  not  dissolve,  while  strontium  does.     (Expts.  3  and  4.) 

In  every  case  the  solution  analyzed  contained  5  cc.  N  barium  chloride 
solution,  5  cc.  N  Ca  solution,  and  5  cc,  N  magnesimn  chloride  solution 
together  with  the  specified  amount  of  strontium.    Total  volume  100  cc. 

(i)o.3cc.  0.1  iVSrClt      Precipitated  sulfates  boiled  with  le£ui  acetate  solution. 

Distinct  cloudiness  when  testing  for  strontitun  with  ammo- 
nium sulfate.    Barium  flame. 
(2)  No  SrCls  Same  as  preceding  experiment.    Barium  flame. 

(5)  No  SrClt  Precipitated  sulfates  warmed  but  not  boiled  with  lead  acetate 

solution. 
No  precipitate  when  tested  with  ammonitun  sulfate.    Barium 
not  dissolved. 
(4)  I  oc.  0.1  N  SrOs         Precipitated  sulfates  warmed  but*  not  boiled  with  lead  acetate. 

Distinct  cloudiness  when  tested  for  strontitmi  with  ammo- 
nium sulfate.    Strontium  separated  by  carbonate  oxalate 
method.     Gave  fine,  pure  strontium  flame. 
I  cc  o.i  N  SrCli  »  4.3  mg.  of  strontitun. 

The  principle  may  have  a  wider  application  in  general  anal)rtical  work, 
and  perhaps  even  possesses  some  value  for  quantitative  separations. 
It  may  be  seen  that  there  are  possibilities  for  very  clear-cut  and  complete 
sq)arations.  The  two  methods  as  given  work  out  rapidly  and  very  satis- 
factorily. The  writer  has  made  use  of  the  first  method  in  the  laboratory 
with  students  in  the  first  semester  of  qualitative  analysis,  with  very 
good  results. 

There  arises  the  possibility  of  precipitating  several  metals  by  the  use 
of  two  or  more  precipitating  agents,  and  then  by  the  addition  of  a  soluble 
salt  of  a  metal  not  under  examination,  dissolving  one  or  more  of  those 
precipitated.  Or,  several  salts  having  been  precipitated  by  one  reagent, 
a  similar  displacement  being  carried  out.  For  instance,  possibly  the  car- 
bonate, oxalate,  and  sulfate  could  all  be  used  together,  to  precipitate 
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bariunii  calcium,  and  strontium,  these  then  being  separated,  first  fay 
use  of  acetic  acid,  then  dilute  hydrochloric  acid.     Also,  in  predpit 
calcium  oxalate  and  strontium  carbonate  together,  lead  acetate 
be  used  to  dissolve  calcium  oxalate,  leaving  strontium  carbonate,  sa 
the  solubility  of  lead  oxalate  is  less  than  that  of  calcium  oxalate,  but 
solubiUty  of  lead  carbonate  is  somewhat  greater  than  that  of  stronl 
carbonate.    The  writer  has  not,  however,  carried  out  these  separal 
«  A  large  difference  in  solubiUty  does  not  seem  to  be  necessary;  is  not 
fact  desirable  for  the  carrying  out  of  such  schemes. 

A  separation  of  copper  and  cadmium  may  be  made  by  warming  a 
pension  of  the  sulfides  in  water  with  lead  nitrate  solution. 
sulfide  dissolves;  copper  sulfide  is  not  affected.    The  excess  of 
removed  with  ammonium  sulfate,  and  cadmium  precipitated  as  a 
The  objection  to  this  method  is  that  neither  ammonium  sulfate  nor 
sulfuric  add  completdy  remove  the  lead,  so  that  in  testing  for 
the  solution  is  sUghtly  discolored  by  lead  stdfide.    This,  however,  is 
case  in  the  usual  scheme  of  analysis,  whenever  lead  is  present. 

The  writer  expects  to  continue  work  on  this  subject. 

Pullman,  WAaHufOTOM. 


[Contribution  from  thb  Chemistry  Department  of  Grinneu,  Colubgb.] 

ACID  POTASSroM  AND  ACID  SODIUM  PHTHALATES 
STANDARDS  IN  ACIDIMETRY  AND  ALKALIMETRY. 

By  W.  S.  HSHDHzaoM. 
Received  August  27,  1915. 

Quite  recently  Francis  £.  Dodge^  suggested  acid  potassium  phi 
as  a  satisfactory  standard  in  acidimetry  and  alkalimetry,  and  also 
gested  acid  sodium  phthalate  as  a  possible  standard,  though  havii 
advantages  over  the  potassium  salt.  His  paper  contains  no 
data,  but  is  largely  theoretical,  and,  so  far  as  the  writer  has  been 
learn,  these  substances  have  not  been  rigidly  investigated  with  ref< 
to  their  reliability  for  the  purpose  suggested.  The  two  substances 
certain  properties,  as  pointed  out  by  Dodge,  that  are  very  desiral 
a  standard,  such  as  ease  of  preparation  in  the  pure  state",  comparal 
ready  solubility,  and  high  molecular  weights.  It  seemed  to  me  a 
of  interest  to  subject  them  to  a  carefid  experimental  study  in  com] 
with  other  standards  of  tmdoubted  accuracy,  to  determine  whether 
can  be  relied  on  to  give  accurate  results  in  standardization.  To  this 
solution  of  hydrochloric  acid  was  made  up  by  the  method  of  Hulett 
Bonner,*  which  should  contain  0.003647  g.  of  hydrochloric  acid  per  cc., 
it  was  then  fm-ther  standardized  by  means  of  silver  chloride,  by  two 
of  benzoic  acid,  by  acid  potassium  and  acid  sodium  phthalates. 

*  J.  Eng,  Ind,  Chem.,  7,  29  (1915)- 
^  This  Journai.,  31,  390  (1909). 
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Solution  of  Hydrochloric  Acid. — Concentrated,  chemically  pure  hydro- 
chloric add  was  distilled  from  a  glass-stoppered  distilling  flask  till  three- 
fourths  of  it  had  passed  over.  Platinum  scrap  was  used  to  prevent 
bumping.  Without  interrupting  the  distillation  the  condenser  tube 
was  then  inserted  into  the  neck  of  a  bottle  cooled  in  ice  water  and  the 
process  was  continued  till  about  three-fowths  of  the  remaining  one-fourth 
had  distilled.  The  second  distillate  was  at  once  used  to  make  up  the 
solution  of  0.1  N  HCl  by  the  method  of  Hulett  and  Bonner. 

The  pressure  being  740,  according  to  Hulett  and  Bonner,  17.9745 
g.  of  the  distillate  (air  weight)  should  contain  one-tenth  mol  of  HCl. 
The  amount  of  the  add  weighed  was  53.997  g.  and  it  was  made  up  to 
3004.08  cc.,  measuring  the  solution  at  20°  by  the  content,  not  delivery, 
of  three  flasks  previously  caUbrated  by  mysdf  by  actually  weighing  them 
filled  with  water  to  the  mark  at  20^.  Introducing  the  necessary  correc- 
tions for  water  wdghed  in  air  at  that  temperatture  with  brass  weights 
the  three  flasks  were  found  to  contain,  when  filled  to  their  marks,  3.0004 
liters.  The  additional  volume  of  water  was  meastu'ed  from  a  buret  also 
calibrated  for  20  ®. 

In  making  up  the  hydrochloric  add  solution,  and  at  all  other  essential 
points,  redistilled  water  was  used.  The  boiler  was  of  copper  and  it  was 
fitted  with  a  Kjddahl  distiUing  bulb  to  prevent  the  passage  of  spray.  The 
condenser  tube  was  of  block  tin  and  extended  well  into  the  receiving 
bottle.  A  seal  of  cotton  between  th^  tube  and  the  neck  of  the  bottle 
prevented  ciuxents  of  air.  The  collection  of  the  water  was  begim  only 
after  about  500  cc.  of  water  had  passed  over,  so  as  to  eliminate  carbon 
dioxide.  The  water  was  kept  stored  in  glass-stoppered,  covered  bottles 
till  required. 

The  concentration  of  the  hydrochloric  acid  solution  thus  prepared 
was  determined  by  means  of  silver  chloride,  filtered  and  weighed  in  plati- 
num Gooch  crudbles  in  the  usual  manner.  In  all  precipitation  and  wash- 
ing about^  1%  of  nitric  acid  was  present.  The  filtrates  were  measured 
and  usuaQy  amounted  to  about  500  cc,  and  1.4  mg.  of  silver  chloride 
was  added  to  the  wdght  for  one  liter  of  filtrate.  The  portions  of  the  add 
taken  for  precipitation  were  weighed. 

In  the  early  part  of  this  work  ordinary  calibrated  burets  and  flasks 
were  used,  but  changing  temperatine,  want  of  imiformity  of  drainage 
and  the  limit  of  volume  in  the  case  of  btu'ets  to  rather  less  than  50  cc. 
soon  proved  their  inadequacy,  and  all  results  thus  secured  were  rejected. 
In  the  determination  of  the  hydrochloric  add  and  in  all  subsequent  titra- 
tions weighing  binets  were   used.^    They  weigh  scarcdy  50  g.,  hold 

^  They  were  made  by  the  glass  blower  at  the  Chemical  laboratory,  University  of 
Illinois,  at  the  instance  of  Professor  W.  A.  Noyes,  to  whom  I  am  greatly  indebted. 
They  are  essentially  the  same  as  described  by  Washburn,  This  Journal,  34,  1358 
(1912)  and  used  by  him  in  his  recent  work  on  the  value  of  the  Faraday. 
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about  175  cc.,  and  have  long,  slender  delivery  tubes  to  insert  into  other 
vessels,  and  very  small  tips  so  as  to  give  small  drops. 

The  following  are  the  results  of  the  determination  of  the  concentration 
of  the  hydrochloric  add  solution  by  means  of  silver: 

O.  of  9«>ln.  (air  weight).     Wt.  of  AsCL        HO  in  1  s.  of  tobi. 

1 64.215.  0.9231  0.0056535 

2...' 57.318  0.8232  0.0036541 

3 63.945  0.9185  0.0036546 

4 107.876  .   1.5489  0.0036532 

5 99.748  1.4323  0.0036534 

Average,    0.0036536 

Since  the  concentrations  of  volumetric  solutions  are  given  commonly 
for  I  cc,  this  and  all  other  values  obtained  per  gram  air  weight  should 
be  calculated  for  i  cc.  To  this  end  the  density  of  the  solution  of  hydro- 
chloric acid  was  determined  with  a  Sprengel  picnometer  by  weighing 
the  solution  at  20®  and  comparing  with  the  weight  of  water  the  instru- 
ment contained  at  the  same  temperature.  The  result  was  1.0018.  The 
density  of  water  at  20  being  0.9982  and  the  product  of  these  two  values 
being  almost  exactly  i,  it  follows  that  the  mass  of  i  g.  of  the  solution 
weighed  in  air  is  greater  than  i  cc.  only  by  the  amount  of  the  net  buoyancy 
of  air  on  I  g.  of  water  when  weighed  with  brass  weights.  The  buoyancy 
under  the  conditions  is  calculated  to  be  0.00107  gram.  Therefore  dividing 
the  silver  value  0.0036536  by  1.00107  ^^  content  of  HCl  in  i  cc.  becomes 
0.0036497.  All  subsequent  values  found  for  the  HCl  in  i  g.  of  the  solu- 
tion are  calculated  to  i  cc.  in  the  same  way. 

Comparison  of  the  HCl  and  an  Alkali  Solution. — Solutions  of  both 
barium  and  sodium  hydroxides  were  made  up,  but  the  former  seemed  to 
have  no  advantage  over  the  latter  and  had  the  disadvantage  that  the 
precipitates  formed  in  titration  interfered  somewhat  in  judging  the  end 
points.     It  was  soon  discarded  in  favor  of  the  sodium  hydroxide. 

Somewhat  more  than  the  required  amount  of  sodium  hydroxide  (puri- 
fied by  alcohol)  was  weighed,  sprayed  with  a  little  water  to  remove  most 
of  the  superficial  carbonate,  and  dissolved  in  about  a  liter  of  water.  A 
slight  excess  of  barium  hydroxide  was  added  to  precipitate  any  carbonate 
and  the  excess  of  barium  was  removed  by  precipitation  with  a  slight 
excess  of  sodium  sulfate.  The  solution  was  filtered  rapidly  into  a  large 
bottle  which  had  been  filled  with  air  free  from  carbon  dioxide.  Without 
exposing  to  the  air  till  all  the  solution  had  run  through,  the  filtration  was 
stopped  and  enough  pure  water  was  added  to  the  bottle  to  make  the 
total  volume  about  four  liters.  The  bottle  was  fitted  with  a  glass-stoppered 
buret  which  was  filled  through  its  side  tube,  also  provided  with  a  glass 
stopper.  To  prevent  access  of  carbon  dioxide  the  buret  and  bottle  were 
provided  with  long  calcium  chloride  tubes  filled  with  bits  of  solid  potassium 
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hydroxide.  The  guard  tube  connected  with  the  bottle  was  in  tiun  con- 
nected with  a  bottle  containing  a  solution  of  concentrated  caustic  potash 
over  which  the  air  remained  till  drawn  into  the  bottle  containing  the 
standard  alkali  in  filling  the  biuret.  Over  the  tip  of  the  buret  was  kept 
a  rubber  cap.  The  weight  buret  was  filled  from  the  volume  buret,  the 
tip  of  the  latter  being  inserted  far  into  the  neck  of  the  weight  buret.  A 
small  constant  amount  of  carbonate  in  the  alkali,  if  present,  would  have 
mattered  little,  since  in  the  series  of  titrations  hydrochloric  acid  '< —  sodium 
hydroxide  — ►  benzoic  acid,  for  example,  the  influence  of  the  carbonate 
would  have  been  eliminated.  For  the  same  reason  no  correction  was 
made  for  the  error  due  to  the  fact  that  phenolphthalein,  which  was  used 
as  the  indicator  in  all  titrations  shows  the  pink  color  only  after  the  hydroxyl 
ions  are  slightly  in  excess. 

All  titrations  were  made  in  air  free  from  carbon  dioxide.  A  small 
Erlemneyer  flask  was  fitted  with  a  thin  section  cut  from  a  two-hole  rubber 
stopper.  One  hole  received  the  long  delivery  tube  of  the  weight  buret, 
and  through  the  other  was  a  tube  reaching  to  the  bottom  of  the  flask, 
and  connected  with  an  apparatus  to  purify  the  air.  The  compressed  air 
was  contained  in  a  large  steel  cylinder  and  passed  from  it  to  a  large  storage 
bottle  with  a  layer  a  few  centimeters  deep  of  strong  caustic  potash.  It 
then  passed  through  three  gas-washing  bottles  containing  potash,  through 
a  similar  bottle  with  water  and  finally  to  the  titration  flask. 

In  titrating  the  acid  against  the  alkali  both  were  weighed  in  weight 
burets,  and  the  alkaU  was  run  into  the  hydrochloric  add.  The  air  was 
allowed  to  run  through  the  flask  a  short  time  before  the  addition  of  alkali 
was  begun.  This  stream  of  air  also  served  to  agitate  the  liquid,  obviating 
any  need  of  shaking  or  stirring.  Five  closely  agreeing  titrations  gave 
the  ratio  in  grams  of  alkali  to  acid  as  i  to  1.10991.  A  second  solution 
of  sodium  hydroxide  was  prepared  in  the  same  way  and  its  ratio  to  the  acid 
was  I  to  1. 1859.  Which  value  applies  in  any  given  series  of  titrations 
will  be  indicated. 

Standardizing  with  Benzoic  Acid. — ^The  benzoic  acid  used  by  Morey^ 
in  his  investigation  was  fractionally  sublimed  in  vacuo,  which  demands 
an  amount  of  work  and  time  that  might  seem  excessive  for  ordinary 
purposes,  student  practice  for  example.  It  seemed  desirable  to  make 
titrations  of  the  best  acid  obtainable  in  the  market  after  further  purifying 
it  by  crystallization  from  alcohol  and  water  and  from  water  alone.  The 
add  thus  purified  was  melted  in  a  platinum  dish  in  an  oven  at  130°.  The 
dish  was  placed  in  water  and  the  cake  of  acid  cracked  loose.  It  was 
broken  up  and  placed  in  a  desiccator.  In  weighing  the  acid  a  platinum 
crucible  was  used,  since  it  was  less  hygroscopic  than  glass.    Weighed 

'  This  Jottrnal,  34,  1027  (1912),  Bureau  of  Standards,  Bull.  8»  p.  643. 
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portions  were  dissolved  without  heating  in  the  titration  flask  in 
20  cc.  of  purified  alcohol  whose  neutrality  was  tested.  About  an 
volume  of  pure  water  was  added  and  the  titration  was  carried  out 
already  described,  using  as  in  all  other  instances  phenolphthalein 
indicator.  The  following  are  the  resultsi  the  alkali  having  the 
alkali  to  acid  as  i  to  1.10991  being  used: 

Calcd.  HOia 
Wt.  of  NaOH.  Wt.  benxoic  add.        1  g.  of  aoln. 

1 91.829  1.2470  0.0036539 

2 82.139  1. 1 148  0.0036539 

3 '. 89.695  1.2169  0.0036525 

4 79.778  1.0838  0.0036574 


Av.  of  all  titrations 0.0036549 

The  calculated  amount  of  HCl  in  i  cc.  is,  therefore 0.0036510 

The  calculated  weight  of  HCl  to  i  cc.  is  here  found  as  described  under  st 
tion  by  means  of  silver  chloride.     . 

Another  series  of  titrations  was  made  using  the  special  benzoic 
prepared  by  the  Bureau  of  Standards  for  calorimetric  and  volumet 
work.     It  was  fused,  weighed  and  titrated  in  the  same  way  as  the 
sample,  but  the  more  concentrated  alkali  having  the  ratio  to  the  hyi 
chloric  acid  i  to  1.1859  was  used. 

CttJcd.  Hate 
wt.  of  NaOH.   wt.  benzoic  acid.      1  c  of  acta. 

i.. 34903  0.5062  0.003654^ 

2 54-767  0.7941  0.0036536 

3 96.481  1.3990  0.0036536 

4 139.791  2.0264  0.0036526 

5 133.900  1. 9410  0.0036525 


Av.  of  all  titrations o  .0036536 

Calculating  the  HCl  in  i  cc.  as  already  described,  the  value  is 
found  to  be 0.0036497 

Standardization  with  Acid  Potassium  Phthalate,  HKC8H4O4.--I 
salt  is  anhydrous.^    It  is  moderately  soluble  in  cold  water  and  its 
bility  is  greatly  increased  by  heat,  and  it  can,  therefore,  be  easily 
fied  by  crystallization  from  hot  water.     It  was  prepared  by  dissoli 
pure,  sublimed  phthalic  anhydride  and  slightly  more  than  the  cal< 
weight  of  pure  potassium  carbonate  to  form  the  acid  salt.    This 
was  purified  by  recrystallizing  five  times  from  hot  water.    Sj 
piuified  water  was  used  throughout,  and  a  platinum  vessel  in  the 
crystallizations.    After  drying  in  air  the  sample  was  heated  several 
at  125°,  and  its  constancy  of  weight  tested. 

The  following  are  the  results  obtained  by  titration  of  the  first 

^  Dodge,  Loc.  cit. 
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tion:  The  first  three  titrations  were  made  with  the  alkali  solution  having 
the  ratio  by  weight  to  the  hydrochloric  add  solution  i  to  1.10991.  All 
the  remaining  titrations  were  made  with  the  alkali  having  the  ratio  i  to 
1.1859. 

.  Weighed  portions  of  the  acid  salt  were  dissolved  in  about  50  cc.  of  water 
in  the  titration  flask,  which  was  kept  loosely  stoppered  and  usually  was 
warmed  slightly  to  hiasten  solution.  Phenolphthalein  was  of  course 
used  as  the  indicator. 

Calcd.  Ha  to 
Wt  of  NaOH.   Wt.  of  HKCsH«0«.     1  g.  of  aolii. 

1 64.275      1.4583      0.0036517 

2 68.479        1.5531       0.0036503 

3 96.585  2.1933  0.0036548 

4 59670  1.4483  0.0036565 

5 49.471  1.2000  0.0036542 

Av.  wt.  HCl  in  I  g.  of  sohi 0.0036535 

The  calculated  value  of  HCl  to  i  cc.  of  the  solution  is,  therefore,  0.0036495. 

The  second  preparation  of  the  add  salt  from  which  the  following  titra- 
tions were  made  was  prepared  from  a  new  sample  of  the  anhydride  and 
special  potassitmi  carbonate  made  by  repeated  precipitation  of  the  acid 
potassium  carbonate  from  the  normal  carbonate  with  carbon  dioxide. 
It  was  purified  with  the  same  or  even  greater  care,  as  was  used  in  the 
first  preparation.  The  results  of  its  titration  are  practically  the  same 
as  m  the  first  series. 

Colod.  HCliA 
wt.  of  NaOH.  wt.  of  HKCiHiOt.      1  g.  of  soln. 

1 71.733  1.7380  0.0036500 

2 56.660  1.3733  0.0036513 

3 71.243  1.7287  0.0036554 

4 78 . 108  1 .8943  0.0036535 

5 52.367  1.2692  0.0036512 

Av.  of  aU  titrations 0.0036523 

Calculating  the  weight  of  HCl  to  x  cc.  of  the  solution  the  result  obtained  is 
0.0036484. 


• 


Standardization  with  Acid  Sodium  Phthalate,  HNaC8H404.— This  salt 
has  about  the  same  solubility  in  hot  and  cold  water  as  the  potassium 
salt.  It  crystallizes  with  approximately  one-half  a  molecule  of  water  as 
determined  by  Dodge,  ^  and  the  writer  has  confirmed  his  work  both  by 
titration  of  the  salt  and  by  loss  on  heating.  Three  preparations  of 
this  salt  were  made  by  the  author  with « the  same  care  described 
under  the  potassium  salt.  It  was  usually  crystallized  six  times  from 
hot  water.      Numerous    titrations   were    made    to    determine    whether 
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the  hydrous  salt  would  give  constant  results  but  the  figures  were  dis- 
appointing.   The  results  thus  obtained  from  the  air-dried  salt  varied 
from  about  i  part  in  700  lower  to  about  the  same  amount  higher  than 
corresponds  to  the  formula  HNaC8H404.  V2  H2O.     The  hydrous  salt  when 
considered  for  titration  purposes  belongs  to  the  same  class,  apparently, 
as  oxalic  acid  and  sodium  tetroxalate.     In  the  experience  of  the  writer, 
however,  it  showed  less  variation  from  theory  than  the  oxalates  showed 
in  the  course  of  an  extended  and  careful  study  of  these  under  the  same 
conditions.    The  study  was  made  in  the  hope  that  oxalic  add  and  po- 
tassium tetroxalate  might  be  used  to  compare  with  the  acid  phthalates 
as  to  their  reliability,  but  so  great  was  their  variation  from  formula  and 
want  of  constancy  that  the  attempt  had  to  be  given  up.    In  fact,  de- 
terminations of  the  potassium  in  the  potassium  tetroxalate  seemed  to 
show  definitely  that  this  salt  becomes  more  nearly  neutral  with  repeated 
crystallization,  and  I  hope  to  give  this  matter  further  study. 

Much  better  results  were  obtained  with  dehydrated  sodium  phthalate. 
Before  dehydrating  the  salt  for  use  in  titrations,  it  was  subjected  to  certain 
tests  to  determine  its  stability  when  heated.  A  portion  of  the  salt,  con- 
tained in  a  porcelain  boat»  was  heated  in  a  tube  through  which  passed 
a  current  of  ptu-e  air,  and  this  air  was  then  passed  through  dear  baryta 
water.  It  was  gradually  heated  to  225®  dining  an  hour  and  held  at  that 
temperature  an  hotu:  longer.  No  trace  of  carbon  dioxide  was  indicated 
by  the  baryta  water,  but  a  very  small  amount  of  phthalic  anhydride  ap- 
peared in  the  cooler  part  of  the  tube  after  200°  had  been  reached.  Snce 
the  salt  can  be  completely  dehydrated  at  120°,  no  decomposition  need 
be  feared  if  reasonable  care  is  taken.  No  such  test  of  the  stability  of 
the  potassium  salt  was  made,  since  drying  it  is  merely  a  matter  of  driving 
oflF  hydroscopic  water,  and  a  temperatiure  much  above  a  hundred  is  not 
required. 

The  acid  sodium  phthalate  used  in  the  following  titrations  was  de- 
hydrated by  heating  at  120*'.  About  10  g.  of  it  in  a  platinum  dish  at- 
tained constant  weight  in  about, three  hours,  but  was  heated  longer  in 
order  to  be  perfectly  sure  of  the  constancy. 

Calcd.  Ha  to 
Wt.  of  NaOH.  Wt.  of  HNaCsBcOi.  1  g.  of  the  sola. 

I 42.754 

2.; 43.610 

3 52.897 

4 SI. 337 

5 » 61.626 

6 77.619 

7 51.479 


0.9548 

0.0036524 

0.9737 

0.0036515 

I. 1824 

0.0036557 

I . 1470 

0.0036540 

1.3758 

0.003651 I 

I .7354 

0.0036565 

I . 1494 

0.0036516 

0.0036533 
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The  average  for  the  seven  experiments  is  0.0036533  g.  of  HCl  for  i  g. 
air  weight  of  the  HCl  solution,  which,  as  already  explained,  gives  0.0036494 
g.  EfCl  in  I  cc.  of  the  solution. 

To  sum  up  the  work  we  have  the  following  values  for  the  weight  of  HCl 
in  I  g.  of  the  hydrochloric  acid  solution,  prepared  according  to  the  method 
of  Hulett  and  Bonner: 

1.  Constant  boiling  point,  Hulett  and  Bonner 0.0056470 

2.  By  means  of  silver  chloride 0.0036497 

3.  By  means  of  benzoic  acid,  first  series 0.0036510 

4.  By  means  of  benzoic  acid,  second  series o  .0036497 

5.  By  means  of  add  potassium  phthalate,  first  series 0.0036495 

6.  By  means  of  add  potassium  phthalate,  second  series 0.0036484 

7.  By  means  of  anhydrous  add  sodium  phthalate 0.0036494 

Average  of  all  methods 0.0036492 

There  are,  therefore,  seven  values  based  upon  five  standards  and  methods 
from  which  to  determine  the  concentration  of  the  solution  of  hydrochloric 
add.  The  agreement  is  very  dose.  The  extreme  difference  is  between 
the  constant  boiling-point  method  and  the  first  series  of  titrations  of 
benzoic  acid.  Even  here  the  difference  is  i  in  more  than  900  parts,  which 
is  yet  within  the  limits  of  accuracy  of  ordinary  titration  in  which  the 
delivery  of  flasks  and  volume  burets  is  used.  The  difference  between 
the  boiling-point  method  and  the  average  of  the  titrations  of  benzoic 
add  is  I  part  in  more  than  1 100.  It  differs  from  the  average  of  all  results 
by  I  part  in  more  than  1600,  and  its  greatest  difference  from  the  results 
of  any  series  where  a  phthalate  was  used  is  i  part  in  1460  too  low. 
The  experience  of  the  writer  is' in  close  agreement  with  that  of  Morey* 
in  whose  work  on  benzoic  acid  as  an  acidimetric  standard  the  method  of 
Hulett  and  Bonner  gave  the  concentration  of  the  hydrochloric  acid  lower 
than  any  other  standard,  and  by  about  the  same  amounts  as  just  stated. 

It  may  be  observed  that  the  results  obtained  by  using  silver,  benzoic 
add  and  the  two  acid  phthalates  as  standards  are  almost  identical.  So 
far  as  the  results  go  they  indicate  that  one  of  the  organic  standards  is  as 
good  as  another  in  point  of  accuracy.  The  acid  phthalates  have  some 
advantage  in  their  much  higher  molecular  weights,  their  greater  solu- 
bility, and  the  fact  that  they  can  be  prepared  pure  and  true  to  the  formulae 
accepted  for  the  anhydrous  salts  without  the  use  of  unusual  and  time- 
consuming  methods  of  purification.  They  may  easily  and  quickly  be 
prepared  in  large  quantity  for  class  use,  and  in  fact  their  preparation 
may  be  considered  easily  within  the  powers  of  comparatively  elementarjr 
students  in  volumetric  analj^sis. 

GsxNjrsLL.  Iowa, 

^  hoc.  cit. 
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The  first  use  of  the  reaction  between  ferrous  salts  and  dichioniate 
for  the  determination  of  iron  was  made  by  Penny.  ^  In  the  method, 
as  described  in  his  paper,  a  sample  of  ''iron  stone'*  was  dissolved  in  hydro- 
chloric add,  and  the  iron  reduced  by  adding  sodium  sulfite  in  excess.  After 
boiling  ofP  the  excess  sulfurous  add,  he  titrated  with  dichromate  solution, 
using  potassium  ferricyanide  as  an  outside  indicator.  It  is  interesting 
to  note  that  this  method  is  essentially  the  same  as  that  in  use  today  for 
the  determination  of  Iron  in  iron  ore. 

Whenever  the  reaction  between  ferrous  salts  and  dichromate  has  been 
studied  a  mineral  add  has  been  added.  Peimy  employed  excess  of  free 
add  in  dissolving  the  iron  ore,  and  the  equation  for  the  reaction  demands 
free  add  for  the  formation  of  the  normal  salts  of  potassium,  chromiiim, 
and  iron.  Since  no  mention  of  any  investigation  of  the  reaction  in  the, 
absence  of  free  acid  could  be  found  in  the  Uterature,  it  was  dedded  to 
perform  a  few  preliminary  experiments  in  which  a  quantity  of  ferrous 
sulfate  was  titrated  by  o.  i  N  dichromate,  with  and  without  add. 

It  was  considered  preferable  to  weigh  out  a  separate  portion  of  ferrous 
sulfate  for  each  titration,  rather  than  to  keep  a  standard  solution  of  the 
salt.     As  soon  as  a  portion  was  weighed  out  it  was  rapidly  transf( 
to  a  beaker  containing  water,  and  titrated  at  once  with  the  di 
solution,   using   potassium   ferricyanide   as   an   outside   indicator, 
following  results  were  obtained  showing  the  effect  of  add: 

Pe604.7Ks0  Cg.).  Cc.  SaCnOr.  HiSOt. 

0.8  39.53  Excess  present 

0.8  39.54  Excess  present 

0.8  36 .  16  None  present 

0.8  36.25  None  present 

The  end  point  is  obtained  when  the  amoimt  of  ferrous  salt  remainin| 
at  the  time  the  drop  test  is  made  is  insuffident  to  affect  the  indicator. 
When  no  add  is  added,  an  excess  of  dichromate  is  required  to  give  an  end 
point,  which  means  that  with  the  theoretical  amount  of  dichromate 
necessary  to  completely  oxidize  the  ferrous  sulfate,  enough  of  the  latter 
remains  to  affect  the  indicator,  t.  e,,  the  reaction  is  incomplete.  A  brown 
precipitate  appears  after  a  few  drops  of  the  dichromate  have  been  added. 

The  following  results  show  the  effect  of  the  volume  of  ferrous  sulfate 
solution  on  the  titration,  0.8  g.  of  salt  bdng  used  in  each  experiment 
*  Brit,  Assoc,  Rep.,  [a]  1850,  58,  59. 
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Cc.  water  Cc.  dichromate  Cc  dichromate 

added  to  PeSOi.  aol.  with  HiSOi.  80L  without  HiSOi. 

o  29.67  39.89 

5  29.88 

15  30.03 

30  30.62 

loo  32.12 

1000  53.00 

This  increase  in  the  dichromate  was  to  be  expected,  since  the  reaction 
is  slower  the  greater  the  volume,  and  larger  amounts  of  dichromate  are 
required  to  drive  the  reaction  to  the  end  point.  When  no  water  is  added 
the  result  of  the  titration  is  nearer  theoretical,  and  in  several  experiments, 
in  which  more  than  0.8  g.  was  taken  and  the  solid  titrated,  the  result  was 
exactly  the  theoretical.  We  may  therefore  conclude  that  the  precipitate 
formed  does  not  adsorb  the  ferrous  ion  appreciably.  Adsorption  of 
ferrous  ion  would  vitiate  the  results  on  the  velocity  of  the  reaction. 

Considerable  difficulty  was  encountered  in  finding  the  end  point  at 
the  higher  concentrations  when  tlie  titration  was  made  in  the  absence 
of  sulfuric  acid.  The  brown  precipitate  had  a  tendency  to  mask  the 
end  point.  To  overcome  this,  when  the  end  point  was  nearly  reached, 
it  was  found  necessary  to  filter  a  few  drops  of  the  mixture  each  time  be- 
fore it  was  applied  to  the  indicator. 

Measurement  of  the  Velocity  of  the  Reaction. — ^The  problem  which 
presented  itself  at  this  point  was  to  find  a  method  of  determining  the 
unoxidized  ferrous  salt  or  imreduced  dichromate  in  a  solution  containing 
ferric  salts,  ferrous  salts,  chromic  salts,  and  dichromate.  Three  methods 
suggested  themselves: 

(i)  To  stop  the  reaction  by  the  addition  of  ammonium  hydroxide, 
filter  the  precipitated  hydroxides  of  iron  and  chromium,  and  determine 
the  chromium  in  the  precipitate. 

(2)  To  add  ammonium  hydroxide  as  in  (i)  and  titrate  the  unchanged 
dichromate  in  the  filtrate. 

(3)  To  precipitate  the  unchanged  dichromate  with  lead  acetate,  dis- 
solve the  precipitate  of  the  reaction  in  acetic  acid,  and  determine  chro- 
mate  in  the  residue. 

The  second  method,  being  more  direct  and  therefore  more  accurate, 
was  adopted. 

It  is  well  known  that  ferrous  salts,  in  common  with  salts  of  other  di- 
valent metals,  cannot  be  completely  precipitated  by  ammonium  hydroxide 
in  the  presence  of  ammonium  salts  in  consequence  of  the  repression  of 
hydroxyl  ion  by  the  latter.  In  order  to  be  certain  of  completely  precipi- 
tating ferrous  iron,  the  necessary  conditions  were  investigated. 

It  was  found  that  ferrous  salts  may  be  completely  precipitated  with 
ammonium  hydroxide  provided, 
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(i)  The  solution  is  neutxal. 

(2)  No  ammonium  salts  are  present  to  begin  with. 

(3)  The  concentration  is  sufficiently  low. 

(4)  The  solution  is  boiled  and  the  precipitate  allowed  to  settle  befoR 
filtration  is  attempted. 

If  0.5  g.  portions  of  ferrous  sulfate  were  dissolved  in  various  voltunes 
of  water,  and  an  excess  of  ammonium  hydroxide  added,  the  precipitatkn 
was  complete  only  when  the  volume  was  at  least  100  cc. 

Solutions. 

Potassium  Dichromate. — ^A  0.1  N  solution,  standardized  against 
wire,  was  kept  in  a  ten-Hter  bottle  fitted  with  a  siphon.     All  air  en 
the  bottle  came  through  a  cotton  plug  to  avoid  contamination. 

Sodium  Thiosulfate. — ^A  o.oi  A^  solution  was  standardized  each  timi 
before  using  against  the  dichromate  solution. 

Ferrous  Sulfate. — At  first  it  was  thought  advisable  to  make  up  a  stand- 
ard solution  of  ferrous  sulfate  and  attempt  to  protect  it  from  oxidation, 
but  it  was  finally  decided  to  use  the  dry  salt  and  weigh  out  a  portion  for 
each  determination.  To  avoid  difficulty  from  any  variation  in  quality, 
a  fresh  pound  bottle  of  the  c.  p.  salt  was  taken,  and  used  for  all  the  worfc. 
The  surface  layer  was  discarded,  a  weighing  bottle  filled  and  kept  in  the 
balance  until  used,  then  refilled  when  necessary.  In  weighing  out  a  sample, 
a  slight  excess  was  placed  on  the  balance  and  the  stopper  of  the  weighiog 
bottle  replaced  at  once.  The  excess  salt  was  removed  as  quickly  9i 
possible  and  discarded  to  avoid  any  possible  contamination.  The 
was  analyzed  from  time  to  time  and  found  to  remain  constant  in  com 
sition,  as  shown  by  the  following  results  obtained  with  0.8  g.  samples: 

Date April  5.  May  3.  June  9. 

Titration  with  0.1014  N  KjCrjO? 29.53  cc.  29.67  cc.  29.63  cc 

Manipulation. — A  large,  electrically  controlled  bath  was  main 
at  30**  =*=  0.05°.     A  ten-liter  bottle  of  distilled  water  was  kept  in 
bath  that  no  delay  might  be  caused  by  waiting  for  water  to  assume  the 
correct  temperature. 

Nearly  as  much  water  as  was  needed  for  the  experiment  was  placed  ia 
a  liter  flask  corrected  for  temperature,  and  a  given  amount  of  standard 
dichromate  solution  was  run  into  an  Erlenmeyer  flask.  Both  flado 
were  immersed  in  the  bath  and  allowed  to  assume  constant  temperature. 
In  the  meantime  a  portion  of  the  ferrous  sulfate  was  weighed  and  capidly 
transferred  to  the  liter  flask.  When  solution  was  complete,  the  dichromate 
was  added  and  the  volume  adjusted.  The  flask  was  kept  in  the  bath 
and,  at  intervals,  100  cc.  portions  were  removed  and  run  into  beakers 
containing  excess  of  ammonium  hydroxide. 

The  precipitate  formed  by  the  ammonium  hydroxide  was  very 
^ely  divided  and  would  pass  very  readily  through  the  filter.    It  wii 
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found  necessary  to  let  it  stand  some  time — ^preferably  over  night — or  to 
boil  it  a  few  minutes  before  a  complete  filtration  could  be  made.  It  was 
preferable  to  filter  at  once,  without  heating,  but  no  method  could  be 
found  which  gave  the  desired  result.  The  precipitate  passed  through  an 
alimdum  Gooch,  and  would  not  settle  when  kept  in  a  centrifuge  for  15-20 
minutes. 

In  order  to  determine  whether  the  potassium  dichrOmate  still  in  solution 
was  in  any  way  affected  by  the  precipitated  ferrous  iron,  25  cc.  of  o.  i  N 
dichromate  was  added  to  0.8  g.  of  ferrous  sulfate  dissolved  in  water  in  a 
liter  flask,  and,  after  introducing  an  excess  of  anmionium  hydroxide, 
the  mixture  was  made  up  to  volume.  A  niunber  of  100  cc.  portions  were 
withdrawn  and  placed  in  beakers.  They  were  filtered  at  various  intervals 
and  titrated  with  o.oi  N  thiosulfate  by  the  method  already  described. 
Some  were  boiled  before  filtering,  and  others  were  filtered  in  the  cold. 
The  following  are  the  results  obtained: 

Time.  Titratioii,  0.01  N  tliiomilfate.  Heiiuuki. 

2  hours  0.90  cc.  Not  boiled 

2  hours  1. 00  Boiled 

24  hours  0.94  Not  boiled 

24  hours  1 .00  Boiled 

It  is  seen  from  the  above  that  the  final  result  is  not  altered  by  allowing 
the  mixture  to  stand  for  many  hotu^,  or  by  boiling,  before  filtration. 

Results. — ^All  measurements  were  made  at  30°.  The  ferrous  sulfate 
and  dichromate  solution  were  in  the  ratio  of  o.S  g.  of  the  former  to  25  cc. 
of  the  latter,  or  2.878  mols  to  0.4225  mol.  It  was  not  thought  advisable 
to  attempt  any  measurements  with  more  dichromate  than  would  be  re- 
quired for  the  normal  end  point,  since  in  this  case  a  very  large  volume  of 
0.01  N  thiosulfate  would  be  required.  The  ratio  of  the  reacting  substances 
was  maintained  constant.  The  volume  of  dichromate  reduced  is  repre- 
sented by  X  and  that  unreduced  by  a  —  x. 

Tablb  I. 
Total  Volume  Containing  25  cc.  of  0.1014  N  K^CrtO?  and  0.8  g.  PeSOi. 

100  cc.  230  cc.  500  cc.  1.000  cc.         2.000  cc         4.000  cc.        5,000  cc. 


Mhi-   # *■ 


*  * 


■%  ^  *  S  ^  ^  •*  *  ■*  '  S  <>  "  N  /"  "  S  /" 


utes.  « — X.     X.    • — X.      X.    a  —  x.  '   x,     a  —  *.      x.    a — *.      «.      «— -*.    x.     «— *.      *. 

I    0.06  24.94  0.22  24.78  0.35  24.65   1.50  23.50  1.93  23.07    

5    0.03  24.97  0.18  24.82  0.34  24.66  1.46  23.50 1.99  23.01  2.69  23.31 

15  0.04  24,96  0.23  24.77  0.30  24.70  0.93  24.07  1.74  23.26  1.65  23.35  2.20  23.80 
30  0.04  24.96  0.22  24.78  0.29  24.71  0.80  24.20  1.36  23.64  1.57  23.43  2.20  23.80 
60    0.04  24.96  0.19  24.81  0.26  24.74  O'^l   34.37    1.06  23.94  3>3i  33.69 

One  series  of  experiments  was  made  with  method  number  three  as  a 
check.  The  work  was  carried  on  in  the  same  way  up  to  the  time  when  loo 
cc  portions  were  removed  from  the  liter  flask.  In  this  case  they  were 
nm  into  beakers  containing  lead  acctote  solutioa^  wbich  predpitsited  the 
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sulfate  ion  and  the  chromate  ion.  The  mixture  was  then  acidified  with 
a  few  cubic  centimeters  of  acetic  add  and  boiled  to  dissolve  all  the  inn 
salts.  The  lead  salts  were  then  filtered  out  and  the  lead  chromate  dis* 
solved  in  dilute  hydrochloric  acid.  The  resulting  dichromate  was  titrated, 
after  cooling,  with  0.0 1  N  thiosulfate.  The  results  given  in  Table  IT 
compare  satisfactorily  with  those  previously  obtained  and  given  ia 
Table  I. 

Tablb  II. 


Minutes. 

Method  III. 

Method  II. 

5 

1.49 

1.46 

15 

0.98 

0.93 

60 

0.59 

0.61 

Comments  on  Velocity  Measurements  and  the  Order  of  the  Reaction.— 1 

From  Table  I  it  is  seen  that  in  the  titration  of  0.8  g.  of  ferrous  sulfatt 
with  dichromate,  the  reaction  is  99.8%  complete  at  the  end  of  one  minutqi 
provided  the  final  volume  is  100  cc.  This  statement  may  be  made  evei 
though  in  our  experiments  the  dichromate  taken  was  a  little  less  thai 
equivalent  to  the  ferrous  sulfate.  At  all  other  concentrations  except 
the  most  dilute,  the  reaction  is  more  than  90%  complete  at  the  end  ol 
the  first  minute.  I 

The  data  as  obtained  are  not  of  a  nature  to  permit  ready  calculatioa 
of  the  order  of  the  reaction,  although  those'  in  the  last  column  of  Tabid 
I  seemed  sufficiently  regular  to  justify  an  attempt  at  such  a  calculatioiL 
No  constant  could  be  obtained  by  assuming  the  reaction  to  be  of  thll 
first  order  with  respect  to  each  of  the  reacting  substances,  of  the  first 
with  respect  to  one  and  of  the  second  with  respect  to  the  other,  and,  finall] 
of  the  second  order  with  respect  to  both.  Oiu*  conclusion,  therefore, 
that  this  reaction  is  probably  of  an  order  higher  than  the  fourth. 

The  rate  of  oxidation  of  ferrous  sulfate  by  dichromate  with  the  addit 
of  more  than  the  sulfuric  acid  required  by  the  normal  equation  has 
investigated  by  Benson.^  It  is  stated  in  his  conclusions  that  the  rated 
proportional  to  the  second  power  of  the  concentration  of  ferrous  salt» 
and  to  the  second  power  of  that  of  the  acid,  and  that  the  order  is  vanabfe 
with  respect  to  the  dichromate.  Benson  also  found  that  the  order  k^ 
much  retarded  by  the  presence  of  ferric  salts.  If  the  velocity  <rf  this  re- 
action is  strictly  proportional  to  the  square,  or  any  other  power,  of  the; 
concentration  of  acid  added  it  should  be  zero  when  no  add  is  employed.; 

There  can  be  no  question,  however,  that  the  velocity  is  proportiooatj 
to  some  power  of  the  hydrogen-ion  concentration,  in  which  case  the  ve-; 
lodtyof  the  reaction  without  the  addition  of  acid  is  due  to  the  hydiogett* 
ion  concentration  arising  from  the  hydrolytic  dissociation  of  both  dichro- 
mate and  ferrous  salt.  The  concentration  of  hydrogen  ion  must  pIsLj  an 
>  /.  Phys.  Chem.,  z,  i  (1903). 
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important  part  in  the  reaction,  even  in  very  low  concentration.  Our 
reaction  is  most  probably  accompanied  by  a  change  in  the  concentration 
of  hydrogen  ion,  which  was  disregarded  in  our  velocity  calculations.  For 
this  reason,  we  can  not  conclude  with  certainty  that  the  reaction  is  of  an 
order  higher  than  the  fotuth. 

The  great  velocity  of  the  reaction  without  the  addition  of  acid  is  partly 
due  to  the  fact  that  less  than  one-third  of  the  iron  remains  in  solution 
as  ferric  salt,  which  has  a  retarding  influence,  while  the  remainder  pre- 
cipitates in  the  form  of  hydrous  ferric  oxide  and  adsorbed  ferric  sulfate. 

The  Products  of  the  Reaction. — Preliminary  experiments  showed  that 
all  the  brown  precipitate,  ultimately  formed  when  solutions  of  dichromate 
and  ferrous  sulfate  are  mixed,  does  not  come  down  instantly,  but  gradually, 
reminding  one  of  the  precipitation  of  suspensoids  by  small  quantities  of 
electrolytes.  Upon  filtering  the  mixture  after  it  had  stood  for  several 
days,  the  filtrate  still  yielded  apparently  the  same  precipitate  on  standing. 
The  precipitation,  it  was  fotmd,  could  be  rendered  complete  by  boiling, 
when  a  reddish  brown,  gelatinotis  precipitate,  resembling  ferric  hydroxide, 
appeared. 

One-tenth  of  the  equivalent  weights  of  potassium  dichromate  and  ferrous 
sulfate  were  dissolved  in  water  and  the  solutions  mixed,  diluted  nearly 
to  a  liter  and  heated  to  boiling  for  several  minutes  to  bring  about  com- 
plete precipitation.  After  cooling,  the  mixture  was  made  up  to  a  liter 
exactly.  The  precipitate  was  brown  and  very  abundant.  The  superna- 
tant liquid  had  the  piuplish  green  color  characteristic  of  chromium  salts. 

It  was  thought  that  heating  the  mixtiu^e  might  h^ve  some  effect  on 
the  reaction.  To  settle  this  point,  another  ^lution  was  made  up  exactly 
like  the  one  already  described,  except  that  it  was  not  heated.  After 
standing  over  night,  it  was  filtered  and  both  precipitate  and  filtrate  were 
analyzed  along  with  those  of  the  first  mixture,  giving  practically  the 
same  results.  Although  the  precipitation  was  not  complete,  the  differ- 
ence was  practically  negligible.  The  work  on  this  second  solution  was 
dropped,  therefore,  and  only  the  first  carried  on. 

The  brown  precipitate  from  the  first  mixture  was  dried  to  constant 
weight  at  100-105*^,  giving  a  very  hygroscopic  amorphous  powder.  This 
solid  and  also  the  filtrate  were  analyzed  for  SO3,  Cr203,  and  Fe208. 

The  SO3  was  determined  as  BaS04.  To  determine  iron  and  chromium, 
the  hydrochloric  acid  solution  was  neutralized  with  sodium  hydroxide 
and  the  chromitun  oxidized  by  sodium  peroxide.  After  boiling,  the  ferric 
hydroxide  was  filtered  out  and  washed  with  hot  water.  The  precipitate 
was  then  dissolved  in  hot  hydrochloric  acid,  reprecipitated  with  sodium 
hydroxide,  again  treated  with  sodium  peroxide,  filtered  and  washed. 
The  two  filtrates  were  combined,  boiled,  acidified  with  hydrochloric  acid 
(5  cc.  in  excess)  and  again  boiled  for  some  time.    After  cooling,  10  cc.  of 
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a  10%  potassium  iodide  solution  was  added,  and  the  solution  titrated 
with  0,1  N  thiosulfate,  using  starch  as  the  indicator. 

The  iron  was  again  dissolved,  brought  nearly  to  dryness  on  the  hot 
plate,  reduced  by  stannous  chloride  and  titrated  with  0,1  N  potassium 
permanganate. 

Fn^TRATB. 


Onma. 
SOi 6.241 

Pe 1.176 

Cr 1. 122 


Gram 
equivalents. 

0.1560 
0.0631 
0.0647 

PRBCIPITATB. 


Grams 
originally  present. 

8.006 

5.590 

1.733 


Grams. 

FejO» 6.313 

CfjOi o. 894 

SO, 1.755 

Loss  on  ignition  (except  SOi) 2 .  239 

Undetermined  (KtO) o  .067 


Gram  equivalents. 

0.2369 

0.0353 
0.0440 

•  •  •  • 

0.0015 


Percentage  of  total 
in  precipitate. 

22.05 
78.96 
35.26 


Percentage. 
56.03 

7.93 
15.58 
19.87 

0.59 


Further  Investigation  of  the  Precipitate. — It  is  seen  that  the  pre- 
cipitate contains  quantities  of  all  the  salts  produced  in  the  reaction. 
In  order  to  ascertain  the  nature  of  these  adsorbed  salts,  a  weighed  portion 
of  the  precipitate  was  boiled  in  water  for  some  minutes,  and  filtered. 
The  filtrate  was  made  up  to  250  cc,  and  25  cc.  portions  removed  for  anal- 
ysis. It  was  found  that  the  filtrate  contained  2.11%  ^Oa,  calculated  on  the 
basis  of  the  amount  of  precipitate  taken;  or,  13.54%  of  the  SOs  present 
in  the  original  precipitate  had  been  removed  by  the  first  boiling. 

A  50  cc.  portion  6f  the  filtyate,  analyzed  for  iron,  gave  0.69%,  approxi- 
mately the  amount  required  to  correspond  to  the  formula  FeaCSOO*. 
We  may  therefore  conclude  that  the  adsorbed  salt  is  mainly  FejCSOOs. 

Discussion  of  Results  on  the  Products  of  the  Reaction. — ^The  value 
35-26%  for  the  amount  of  chromium  in  the  precipitate  suggests  that 
one- third  of  the  total  is  precipitated  as  Cr203  and  the  remaining  1.93% 
adsorbed  as  Cr2(S04)8.  If  we  add  the  number  of  equivalents  corresponding 
to  the  adsorbed  potassium  sulfate  and  chromium  sulfate,  and  subtract  the 
sum  from  the  total  number  of  equivalents  of  SOj  in  the  precipitate,  the 
result  gives  the  number  of  equivalents  of  Fe2(S04)«  adsorbed.  This  value 
is  0.0407,  which,  added  to  the  number  of  equivalents  of  FesCSOOs  in  the 
filtrate  (0.0631),  gives  the  number  of  equivalents  of  this  salt  formed  in  the 
reaction  (0,1038).  The  mixture  contained  sufficient  iron  for  0.3  equiva- 
lents of  Fe8(S04)a.  Thus  two-thirds  of  the  iron  forms  hydrous  ferric 
oxide,  and  one-third  forms  ferric  sulfate. 

The  following  equation  eduipletely  harmonizes  with  the  above  results; 

jKaCraOr  +  iSFeSO*  +  (x  +  6y)HiO  « 

aK^Oi  +  CrjOa-^HsO  +  2Crj(SQ4)»  +  3Fea(S0i)i  +  6FeaO,.yHA 
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where  Cr208.:»^H20  and  Fea08.>'H20  stand  for  the  colloidal  oxides  of  chro- 
mium and  iron,  each  carrying  adsorbed  water. 

The  products  of  the  reaction  between  potassium  dichromate  and  ferrous 
sulfate  without  the  addition  of  acid  are:  potassium  sulfate,  chromium 
sulfate  and  colloidal  chromic  oxide  in  the  molar  ratio  of  2:1;  and  ferric 
sulfate  and  colloidal  ferric  oxide  in  the  molar  ratio  of  1:2.  The  colloids 
are  precipitated  by  the  sulfate  ion  in  the  solution. 

The  normal  ionic  reaction  is  written 

CrjOj-  +  6Fe+-*-  +  14H  :^  2Cr+++  +  6Fe+++  +  7H2O. 

We  believe  that  the  reaction  without  acid  proceeds  in  the  same  way, 
the  hydrogen  ion  being  derived  from  the  water. 

H2O  '^  H+  +  0H-. 

As  hydrogen  ion  is  consumed  by  the  reaction,  more  is  formed,  and  at 
the  same  time  hydroxyl  ion  accumulates.  Soon  the  concentration  of 
hydroxyl  ion  is  sufficient  to  exceed  the  solubility  products  of  the  hydroxides 
of  iron  and  chromium,  and  the  colloidal  hydrous  oxides  are  formed. 

Fe+++  +  3OH-  :^  Fe(OH),;  2Fe(0H),  +  iy  —  3)U^0  Zi:±  FeaOj.^/HiO. 

Cr+++  +  30H-  :;;i^  Cr(OH)3;  2Cr(OH)8+  (:3C  — 3)H20  :^Cr208.:rH20. 

The  manner  of  the  precipitation  of  the  oxides  led  us  to  the  belief  that 
they  were  formed  in  the  colloidal  state  in  the  reaction.  Chloride  ion  is 
a  far  less  powerful  precipitant  for  positive  colloids  than  sulfate  ion.  Hence 
in  the  reaction  between  ferrous  chloride  and  potassium  dichromate  we 
may  expect  that  the  colloids  will  not  be  precipitated  and,  on  dialysis, 
it  should  be  possible  to  isolate  a  mixed  hydrospl  of  cfiromium  and  ferric 
oxides.  Such  is  actually  the  case.  Work  on  this  reaction  is  now  in  prog- 
ress and  the  results  will  be  duly  reported. 

The  investigation  of  the  reaction  between  stannous  chloride  and  po- 
tassium dichromate  has  been  completed  and  will  be  the  subject  of  the 

second  article  of  this  series. 

Summary. 

1.  The  stoichiometric  relations  in  the  reaction  between  potassium 
dichromate  and  ferrous  sulfate  are  the  same  with  or  without  acid. 

2.  The  experimental  conditions  for  the  complete  precipitation  of  ferrous 
iron  by  ammonium  hydroxide  have  been  found  and  employed  to  determine 
dichromate  in  a  mixture  also  containing  ferrous,  ferric,  and  chromium  salts. 

3.  Without  acid  the  reaction  is  instantaneous,  except  in  very  dilute 
solutions. 

4.  Disregarding  the  change  of  hydrogen-ion  concentration  accompanying 
the  reaction,  the  order  is  higher  than  the  fourth. 

5.  The  rate  of  the  reaction,  with  acid,  can  not  be  proportional  to  the 
second  power  of  the  concentration  of  add  added,  for  then  it  should  be 
zero  without  add. 
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6.  The  products  of  the  reaction  are  the  sulfates  of  potassium,  chromium, 
and  iron,  and  the  coUoidal  hydrous  oxides  of  iron  and  chromitun.  The 
latter  are  precipitated  by  the  sulfate  ion,  and  adsorb  a  large  quantity 
of  ferric  sulfate  and  smaller  quantities  of  the  other  two  sulfates. 

7.  The  equations  for  the  reaction  have  been  formulated. 

PiTTSBUROB.   Pa. 


[Contribution  from  thb  Dspartmbnt  of  Chemistry,  University  of  Cincinnati.] 

THE  ELECTRONIC  CONCEPTION  OF  POSITIVE  AND  NEGATIVB 

VALENCES. 

By  Harky  Shiplsy  Pry. 
Received  June  17.  1915. 

A  paper  recently  published  by  Roger  F.  Brunei,^  presents  some  general 
afid  some  specific  criticisms  of  the  electronic  conception  of  valence.  The 
author  states  that  the  object  of  his  paper'  'is  to  call  attention  to  certain 
weaknesses  in  the  arguments  put  forward  in  support  of  this  conception  and 
certain  difficulties  that  arise  in  applying  it  to  chemical  phenomena.'* 

Brunei  then  subjects  to  criticism,  either  directly  or  indirectly,  the 
opinions  of  a  numl>er  of  authors  who  have  contributed  to  this  subject 
None  of  Brunei's  specific  criticisms  have  any  bearing  upon  the  applica- 
tions in  which  I  am  principally  interested,  namely  the  problem  of  sub- 
stitution in  the  benzene  nucleus'  and  the  development  of  relationships 
between  chemical  constitution  and  absorption  spectra.^  But,  on  the  other 
hand,  some  of  his  general  criticisms  call  for  comment,  especially  certain 
statements  presented  in  a  paragraph  on  page  718.'  In  quoting  this  para- 
graph, the  assertions  which  it  embodies  have  been  ntunbered  i,  2,  and  3 
for  fadUty  in  comment.    Brunei  states: 

''Of  the  other  applications  of  the  theory  to  the  more  complex  problems 
the  author  [Brunei]  would  mention  only  that  of  Pry  to  the  question  of 
substitution  in  the  benzene  ring,  (i)  The  rule  governing  the  positions 
of  substituents  which  Fry  puts  forward  with  the  utmost  confidence  is 
so  simple  as  to  arouse  distrust  at  once.  (2)  It  would  appear  sufficient 
to  say  that,  in  view  of  the  extensive  investigations  carried  on  in  this 
field  in  recent  years  by  Holleman,  Pltirscheim,  Obermiiller  and  others, 
if  any  such  rule  could  cover  the  facts  it  would  have  been  discovered  long 
ago  empirically,  even  if  not  expressed  in  the  same  terms.     (3)  Holleman 

*  Tms  Journal,  37,  709  (1915)- 

*  Loc.  cU.t  p.  710. 

*  Fry,  This  Jouknal,  30, 34  (1908) ;  Z.  physik.  Chem.,  76, 385  (i9") ;  This  Journal, 
34,  664  (1912);  Ibid.,  36,  243,  262,  1035  (1914);  -^Wd.,  37,  855,  863,  883  (1915)- 

*Fry,  Z.  physik.  Chem.,  76,  398,  591  (191 1);  Ibid.,  80,  29  (1912);  Ibid.,  82,  665 

(1913)- 

^  Loc.  cU. 
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has,  however,  recently  called  attention  to  a  number  of  cases  of  substi- 
tuticm  where  it  is  quite  impossible  to  apply  Pry's  rule/' 

This  paragraph  can  not  be  regarded  as  fulfilling  in  any  sense  the 
above  noted  purpose  of  Bruners  paper.  Furthermore,  it  embodies 
assertions  (i,  2,  and  3)  which  call  for  comment.  (i)  Bruners  state- 
ment that  Pry's  rule  **is  so  simple  as  to  arouse  distrust  at  once**  is 
purely  arbitrary  because  it  has  no  bearing  whatever  upon  the  numerous 
and  extended  appUcations  of  the  rule  published  by  Pry. 

Consider  briefly  Brunei's  assertion  (2) : 

"It  would  appear  sufficient  to  say  that  in  view  pf  the  extensive  investi- 
gations carried  on  in  this  field  in  recent  years  by  Holleman,  Pliirscheim, 
Obermtiller  and  others,  if  any  such  simple  rule  could  cover  the  facts  it 
would  have  been  discovered  long  ago  empirically,  even  if  not  expressed 
in  the  same  terms." 

In  this  statement  Brunei  not  only  imposes  a  limitation  upon  the  possibility 
of  the  discovery  of  new  rules  and  relationships  but  he  also  completely  ignores 
the  well-known  fact  that  the  Brown  and  Gibson  Rule  is  itself  a  purely 
empirical  rule  for  determining  whether  a  given  mono-substituted  deriva- 
tive of  benzene  will  yield  chiefly  a  mixture  of  ortho  and  para  diderivatives, 
or  chiefly  the  meta  diderivative.  Moreover,  Pry's  rule  is  the  direct  re- 
sult of  his  interpretation  of  the  empirical  Brown  and  Gibson  rule  in  terms 
of  the  electronic  conception  of  positive  and  negative  valences  in  conjunc- 
tion with  his  electronic  formula  for  benzene. 

Consider  next  Brunei's  assertion  (3): 

"HoUeman^  has,  however,  recently  called  attention  to  a  number  of 
cases  of  substitution  reactions  where  it  is  quite  impossible  to  apply  Fry's 
rule."  This  assertion  can  not  be  accepted  as  final,  since  Pry*  has  published 
"A  Reply  to  A.  P.  HoUeman"  showing  that  Holleman's  inability  to  corre- 
late Pry's  rule  with  certain  cases  of  substitution  was  due  to  Holleman's 
failure  to  apply  to  the  principle  of  the  electronic  tautomerism  of  benzene 
derivatives  the  generally  accepted  principle  that,  in  a  tautomeric  equilib- 
rium mixture,  either  one,  or  the  other,  or  both  tautomers  (depending  upon 
conditions),  may  interact  with  a  given  reagent.  Thus  from  the  standpoint 
of  the  electronic  tautomerism  of  benzene  derivatives,  the  simultaneous 
formation  of  ortho,  para,  and  meta  substituted  derivatives  was  readily 
explained.'  Furthermore,  those  cases  of  substitution  which  Holleman 
regarded  as  opposed  to  Fry's  rule  were  shown  to  conform  to  the  rule  and 
to  serve  as  direct  experimental  evidence  substantiating  the  principle  of 
the  electronic  tautomerism^  of  benzene  derivatives. 

*  Tms  Journal,  36,  2495  (i9»4)- 
« /wa.,  37,  883  (1915). 

»Fry,  JWJ.,37,  863  (1915). 

^Brunei  objects  to  the  use  of  the  conception  of  electronic  tautomerism  on  the 
Crounds  that  electronic  isomers  (dectromers)  have  not  as  yet  been  isolated.     This  ob- 
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Passing  from  the  foregoing  assertions,  it  will  be  found  that  some  d 
Brunei's  general  conclusions  also  invite  conunent.  Consider  the  state- 
ment  on  page  721  :^ 

**In  conclusion  the  author  would  call  attention  to  the  fact  that  the 
'electron  conception  of  valence'  cannot  avcnd  dealing  with  the  question 
of  chemical  affinity,  i.  e,,  the  attractive  force  between  atoms." 

To  this  it  may  be  replied,  and  justly  maintained,  that  the  electronic  con- 
ception of  valence  as  aforntulaiive  hypothesis  (t.  e.,  the  conception  of  positive 
and  negative  valences  as  appUed  to  structural  formulas)  is,  at  its  present 
status  of  development,  neither  primarily  nor  necessarily  concerned  with 
the  question  of  the  ultimate  cause  of  chemical  affinity.  Such  questions 
inevitably  lead  into  a  field  where  speculation  predominates.  An  illus- 
tration of  this  is  afforded  by  the  recent  and  varied  hypotheses  of  J.  J. 
Thomson  which  manifest  little,  if  any,  discemable  utility  in  the  interpre- 
tation of  the  mechanism  of  chemical  reactions  and  the  oorrelation  of  the 
various  phenomena  of  Organic  Chemistry. 

Bnmel  closes  his  paper  with  this  statement: 

"A  number  of  questions  are  proposed  which  should  be  answered — at 
least,  the  hypotheses  regarding  them  should  be  expUdtly  stated — before 
the  theory  is  appUed  to  the  most  perplexing  problems  of  organic  chemistry." 
In  reply,  the  hypothesis  of  positive  and  negative  valences  has  been  explicitly 
stated.  A  careful  study  of  most  of  the  published  applications  of  the 
hypothesis  shows  that  it  is  used  primarily  to  qualify,  or  to  differentiate, 
the  valences  of  an  atom  as  positive  or  negative  in  the  same  manner  that 
we  may  regard  a  positive  hydrogen  ion  as  a  hydrogen  atom  possessing  a 
positive  valence;  or  a  negative  chlorine  ion  as  an  atom  possessing  a  nega- 
tive valence.  In  applying  these  conceptions  we  are  entitled  to  assume, 
symbolically  at  least,  that  an  atom  with  zero  valence  develops  a  unit 
positive  valence  through  the  loss  of  an  electron.  Another  atom  with 
zero  valence  develops  a  unit  negative  valence  through  the  acquisition  of 
an  electron.  From  this  point  of  view  I  have  suggested  a  general  rule* 
for  applying  the  conception  of  positive  and  negative  valences  to  various 
atoms,  namely  that  if  the  valence  of  an  atom  equals  (n)  in  the  ordinary 
meaning  of  the  term,  then  that  atom,  from  the  standpoint  of  the  cod* 

jection  is  unwarranted  because  the  use  of  the  conception  of  tautomerism  neither  in- 
volves nor  demands  the  immediate  possibility  of  the  isolation  of  the  tautomen. 
Strictly  speaking,  the  term  tautomeric  is  applied  to  substances  in  which  only  the  equilib' 
Hum  mixture  of  the  structural  isomers  is  known;  the  term  desmotropic  is  emplosred  in 
cases  where  the  isomers  have  been  shown  to  he  capable  of  independent  existence.  (Experi- 
ments are  now  in  progress  in  this  laboratory,  the  object  of  which  is  to  establish  the 
independent  existence  of  ^'electronic  desmotropes") 

^  Loc.  cit. 

"  Fry,  Tms  Journal,  30,  34  (1908);  Z.  physik.  Chem.,  76, 38S  (191 1). 
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ception  of  positive  and  negative  valences,  may  function  in  (w  +  i)  dif- 
ferent ways.^ 

Furthermore,  the  development  of  a  positive  valence  by  an  atom  (sche- 
maticdly  through  the  loss  of  an  electron)  corresponds  to  oxidation.  When 
an  atom  develops  a  negative  valence  {schematically  through  the  acquisition 
of  an  electron)  it  is  reduced.  The  extensive  field  of  oxidation  and  reduction 
reactions  thus  affords  an  experimental  justification  for  the  use  of  the  elec- 
tronic conception  of  positive  and  negative  valences.  This  phase  of  the 
hypothesis  also  possesses  an  added  significance,  since  Stieglitz*  has  demon- 
strated by  means  of  the  chemometer  that  there  is  involved  an  actual 
transfer  of  electrical  charges  in  certain  oxidation  and  reduction  reactions 
involving  carbon  compounds. 

Again,  if  we  admit  that  the  hydrogen  ion  is  positive  and.  that  the  hy- 
droxyl  ion  is  negative  imder  normal  conditions,  i.  e.,  provided  that  the 
hydrogen  ion  is  not  reduced  and  that  the  hydroxyl  ion  is  not  oxidized, 
then  it  is  natural  to  conclude  that  hydrolysis  reactions  constitute  an  experi- 
mental method  for  designating  the  polarity  of  the  radicals  of  a  compound 
under  the  particular  conditions  of  the  hydrolysis.  The  following  general 
scheme  (in  contradistinction  to  the  scheme  presented  by  Brunei  on  page 
718,'  embodies  the  theoretical  and  the  actual  possibilities  presented  by 
hydrolysis  reactions: 

+_  ^+  ^  ^     yf  HB  +  HOA 

(AB  :^  AB)  +  HOH  \     ^_ 

^  HA  +  HOB 

If  the  compound  AB  on  hydrolysis  yields  only  HB  and  HOA,  then  AB  is 

+  - 

qualified  by  the  formtila  AB.  If,  on  the  other  hand,  conditions  are  such 
that  the  products  of  hydrolysis  are  HA  and  HOB,  then  AB  is  qualified 

by  the  formtila  AB.  In  some  reactions  four  products  of  hydrolysis  are 
obtained,  and  accordingly,  the  compound  AB  presents  an  illustration 
of  electronic   tautomerism,^   i.   e.,   the   existence   of    both   electromers 

(AB  ^  ^  AB)  in  dynamic  equilibrium.  Many  instances^  have  been 
recorded  in  which  reactions  proceed  according  to  the  above  and  analogous 
schemes,  and  therefore  substantiate  not  only  the  existence  of  electromers 
but  also  electronic  tautomerism.    Hence,  as  a  corollary  to  the  experimental 

^  This  rule  has  been  repeatedly  illustrated  in  various  papers  by  Fry  {Loc.  cit.). 
Its  application  to  the  valences  of  the  nitrogen  atom  and  its  various  compounds  has  been 
presented  in  detail  by  L.  W.  Jones,  Am,  Chem.  J.,  50,  414  (19 13). 

« Qual.  Chem.  Anal.,  1,  Chaps.  XIV  and  XV  (19"). 

'  Loc.  cit. 

*Fry,  Z.  physik.  Chem.,  76,  390  (191 1). 

■  Fry,  Tms  Journai,,  37,  864  (1915). 
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facts,  it  seems  justifiable  to  maintain  that  the  ordinary  structural  fonnnh 

+  -  -  + 

for  AB,  namely  A — B,  is  qualified  when  it  is  written  A ^B,  or  A ^B, 

+   -     -   + 

or  both  (A ^B  "7^  A ^B),  depending  upon  the  conditioos  of  the 

experiments  and  the  products  obtained.  Therefore,  in  designating  ihi 
ends  of  a  bond  as  positive  or  negative ,  one  is  not  concerned  primarily  or  neas- 
sarily  with  the  question  of  the  nature  of  chemical  affinity  (a  point  upon  whidi 
Brunei  has  insisted).  The  chief  value  and  claim  for  recognition  of  elec- 
tronic formulas  (and  for  the  existence  of  electronic  tautomers  in  dynamic 
equiUbrium)  should  and  does  lie  in  the  fact  that  in  numerous  instances 
they  are  more  precise  and  more  significant  in  the  explanation  of  chemical 
phenomena  and  the  mechanism  of  reactions  than  are  the  ordinary  strudifrai 
or  graphic  formulas. 

In  conclusion,  consider  briefly  a  significant  statement  made  in  1867 
by  Kekul^  which  illustrates  the  principle  at  issue: 

''The  question  whether  atoms  exist  or  not  has  but  little  significanoe 
from  a  chemical  point  of  view :  its  discussion  belongs  rather  to  metaphysics. 
In  chemistry  we  have  only  to  decide  whether  the  assumption  of  atoms  is 
an  hypothesis  adapted  to  the  explanation  of  chemical  phenomena.  Moic 
especially  have  we  to  consider  the  question  whether  a  further  development 
of  the  atomic  hypothesis  promises  to  advance  the  knowledge  of  the  m 
ism  of  chemical  reactions." 

Kekul^'s  efforts  to  develop  a  knowledge  of  the  mechanism  of  chemical 
reactions  are  today  embodied  in  the  structure  theory,   the  recogniz 
fotmdation  of  the  extensive  achievements  of  organic    chemistry,  boi 
theoretical  and  applied.     The  established  utility  of  the  structure  th€\ 
(which  in  reality  is  a  formulative  hypothesis)   is  not   dependent  u 
the   existence   of   atoms  nor  upon  the  fundamental  nature  of   vali 
or   chemical   affinity.      Similarly,   the  utility   of   the  electronic   conce 
tion    of    positive    and   negative    valences   (which    is.  also    a  formu 
hypothesis    with    the    structure    theory    as    its    foundation),  is  not  pri: 
marily    dependent    upon    the   existence   of    electrons    nor    upon    the 
fundamental  nattu'e  of  chemical  afl&nity.    The  significance  of  this  view- 
point may  become  more  evident  if  the  words  of  Kekul^  (quoted  abovt)^ 
be  paraphrased  in  modem  terms:  In  chemistry  we  have  to  decicle  whether 
the  electronic  conception  of  positive  and  negative  valences  is  an  hypothesis 
adapted  to  the  explanation  of  chemical  (and  physical)  phenomena.     Moie 
especially  have  we  to  determine  whether  the  further  development  of  this 
h3rpothesis  of  positive  and  negative  valences  promises  to  advance  our 
knowledge  of  the  mechanism  of  chemical  reactions.     In  view  of  the  fact 
that  electronic  formulas,  in  many  instances,  have  proven  to  be  morel 
precise  and  more  significant  than  the  ordinary  structural  formulas  in  the  i 
explanation  of  chemical  phenomena  and  the  mechanisms  of  reactioas»' 
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the  hypothesis  of  positive  and  negative  valenceis  may  possibly  become 
a  necessary  adjunct  to  the  structure  theory.  This,  as  I  have  stated  before,  ^ 
must  depend  upon  the  extent  of  its  applications  and  experimental  veri- 
fications, and  upon  the  part  that  is. played  by  just  criticisms  in  bringing 
to  light  the  relative  merits  and  demerits  of  its  applications. 

From  these  and  the  preceding  points  of  view  noted  in  this  paper,  the 
general  criticisms  and  conclusions  of  Brunei  have  little,  if  any,  bearing 
upon  the  electronic  conception  of  positive  and  negative  valences  as  a  formu- 
loAive  hypothesis, 

dNcnniATi.  Ohio. 
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Tablb  op  Contbnts. — I.  Introduction.  II.  Reagent.  III.  Discussion.  IV.  Ap- 
plications.   V.  Summary. 

I.    Introduction. 

The  estimation  of  phosphorus  in  biological  and  industrial  sciences, 
especially  of  minute  amounts,  is  becoming  of  increasing  importance 
A  large  number  of  volumetric  and  colorimetric  methods  have  been  pro- 
posed but  thus  far  none  has  been  satisfactory  for  micro-quantitative 
work.  While  looking  for  a  suitable  nephelometric  precipitant*  for  phos- 
phorus in  connection  with  our  nuclease  technic'  our  attention  was  called* 
to  the  reagent  developed  by  Pouget  and  Chouchak.*  This  reagent  con- 
sists of  a  nitric  add  solution  of  strychnine  and  molybdic  acid  and  produces 
a  very  sensitive  reaction  with  phosphates  (one  milligram  of  phosphorus 
in  2  liters  giving  a  very  marked  suspension  of  insoluble  substance)  simi- 
lar in  sensitiveness  to  the  Nessler  or  the  Graves'  reaction  for  ammonia. 
The  authors  found  it  will  detect  i  part  of  phosphorus  in  20  million  parts 

*  This  Jouhnai.,  37,  892  (1915). 

'  Uranium  acetate  and  magnesia  mixture  were  tried  as  nephelometric  precipitants, 
but  as  preliminary  experiments,  especially  with  the  latter,  were  not  successful,  these 
reagents  were  abandoned. 

»  P.  A.  Kober  and  S.  S.  Graves,  Tras  Journal,  36,  1304  (19 14). 

*  Dr.  I.  Greenwald  of  this  laboratory,  after  making  an  attempt  to  apply  this  re- 
agent directly  for  nephelometric  work,  abandoned  it.  Subsequently  (see  /.  Biol.  Chem., 
ai,  29  (1915))  he  recommended  the  original  reagent  for  a  colorimeter  method,  al- 
though, according  to  him,  the  color  of  the  opalescent  liquid  is  so  slight  that  it  is  not 
apparent  until  it  is  put  into  the  instrument.  It  is  obvious  that  any  defect  in  the  sus- 
pension for  nephelometric  work  will  make  a  defect  for  colorimetric,  and  our  experi- 
ments, as  indicated  elsewhere,  show  that  the  reagent  as  recommended  by  the  original 
authors,  although  usable,  is  not  satisfactory. 

'  BitU.  soc.  ckim.t  5,  104  (1909);  9,  649  (191 1). 

*  This  Journal,  37,  1181  (1915). 
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of  water.  As  the  precipitate  is  slightly  yellow  and  remains  in  suspension 
for  a  long  time,  the  authors  recommended  it  as  a  colorimetric  reagent, 
but,  practically,  their  estimations  were  tiu'bidimetric. 

On  studying  the  reaction  carefully,  we  found  that  (i)  it  was  not  constant 
and  quantitative^  and  (2)  the  reagent  gradually  become  yellow  and  deterio- 
rated, probably  because  of  the  action  of  the  nitric  acid.  Pouget  and  Chou- 
chak  realized  this,  as  their  directions  state  that  the  mixing  of  constituents 
must  be  made  only  just  before  using.  After  making  many  variations  of 
all  constituents,  no  marked  improvement  was  obtained,  but  on  substi- 
tuting hydrochloric  for  nitric  acid,  the  solution  not  only  remained  practically 
colorless  for  an  indefinite  length  of  time,  hid  was  stable  and  gave  quantitative 

and  constant  results. 

n.    Reagent 

(a)  Variations  of  Constituents. — The  insoluble  substance  formed  in 
this  reaction  is  probably  a  phosphomolybdic  add  complex  of  strychnine. 
The  important  factor  is  the  hydrochloric  acid  content  of  the  reagent 
If  the  amount  of  acid  is  too  small,  an  insoluble  strychmne-molybdic  add 
compound  predpitates  and  if  too  large,  the  phosphate  predpitate  is  re- 
dissolved.  The  latitude  between  these  extremes  is,  however,  quite  satis- 
factory. Owing  to  the  insolubility  of  the  molybdic  add  complex  of  strych- 
nine, no  large  variations  of  strychnine  could  be  made  and  therefore  the 
solution  used  was  saturated  with  respect  to  strychnine. 

The  amount  of  hydrochloric  acid  necessary  for  the  reagent,  using 
commercial  grades  of  molybdic  acid  or  sodium  molybdate,  was  very 
difficult  to  determine,  for  the  reason  that  some  grades  of  molybdic  add 
obtained  contained  as  much  as  1 1%  of  ammonia;  a  few  samples  of  sodium 
molybdate  were  soluble  in  water,  and  others  were  not.  Merck's*  sodium 
molybdate  was  foimd  satisfactory,  but  difficult  to  obtain,  so  that  the 
preparation  of  this  substance  by  oursdves  was  necessary. 

To  show  the  effect  of  var5dng  amoimts  of  strychnine  and  hydrochloric 
add,  the  following  experiments  were  made: 

Strychnine. — To  1.5  g.  of  sodium  molybdate,  dissolved  in  2.5  to  3.25  oc.  of  water, 
and  10  cc.  of  hydrochloric  add  (i-i)  sp.  gr.  1.098,  were  added  i.o,  0.75,  0.50,  0.25  and 
0.00  cc.  of  a  saturated  solution  of  strychnine  sulfate  (2%),  respectively. 

After  shaking  and  standing  over  night,  molybdic  acid-strychnine  crystallized  out 
in  all  solutions,  except  the  last.  The  one  to  which  0.25  cc.  of  strychnine  sulfate  had 
been  a^ded  contained  the  least  (only  a  small  amount),  while  the'  others  contained 
precipitates  in  proportion.  The  reagents  were,  after  filtering,  tested  for  their  prf^ 
cipitating  power  nephelometrically,  and  it  was  fotmd  that  the  one  without  strycfaoine 
gave  no  test  for  phosphorus  and  that  the  others  had  about  the  same  efficiency.  A 
slight  difference  was  observed,  but  before  the  question  can  be  definitely  settled  the 

^  The  suspensions  always  gave  negative  constants  (see  discussion  of  nephelometric 
constants  is  this  paper). 

*  Further  work  with  this  grade  of  sodium  molybdate  was  impossible,  since  we  mie 
unable  to  obtain  it  owing  to  the  war. 
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expcariments  will  have  to  be  repeated.  As  our  results  below  show,  the  reagent  with 
I  cc.  of  strychnine  sulfate  gave  very  satisfactory  results,  and  until  further  data  are  at 
band,  it  is  best  to  adopt  that  amount. 

Hydrochloric  Acid. — To  15  cc.  of  water,  2.5  cc.  of  reagent  (see  directions,  given 
below)  and  5.00  cc.  of  KHjPO*  solution  (5  mg.  to  a  liter)  were  added  varying  amounts 
of  normal  hydrochloric  acid  and  the  volume  made  up  to  40  cc.  The  table  gives  the 
nephelometric  readings. 

Amount  of  .A^  acid,  cc 17.5     10. o    5.00    2.50     1.25    0.00 

Mm 19.4     15.5     14.4     13.9     14.0     14.0 

Since  the  amount  adopted  for  regular  work  is  1.25  cc.  N  under  these  conditions,  al- 
most four  times  as  much  may  be  used  without  decrease  in  the  amount  of  precipitate. 
As  may  be  seen,  the  results  are  also  good  when  no  acid  is  added  in  addition  to  that 
contained  in  the  original  reagent,  thus  showing  a  considerable  latitude  in  the  amount 
of  free  acid. 

(6)  Directions. — Preparation  of  Sodium  Molybdate.  Thirty-five  and 
one-half  grams  of  molybdic  add  (c.  p.  free  from  ammonia,  "100%")  are 
boiled  for  about  one  hour  with  50  cc.  sodium  hydroxide  solution  (contain- 
^Z  400  g.  of  96%  NaOH  dissolved  in  i  liter).  The  volume  of  liquid  is 
brought  up  to  84  cc.  with  distilled  water  and  the  mixture  shaken,  until 
practically  all  of  the  solid  sodium  molybdate  is  dissolved.  After  adding 
a  few  grams  of  pure  talcum  powder  and  again  shaking,  the  solution  is 
filtered  free  from  any  residue,  which  in  some  preparations  may.  be  very 
dark.  The  fiiltrate,  which  should  not  have  more  than  a  slight  yellowish 
tint,  is  evaporated^  practically  to  dryness  on  the  steam  bath,  and  the 
residue  washed,  first,  by  grinding  it  with  40  cc.  of  95%  ethyl  alcohol, 
filtering,  and  then  by  washing  it  on  the  filter  with  several  portions  of  20  cc. 
of  alcohol.  The  residue,  which  should  be  perfectly  white,  is  then  dried 
in  an  oven  at  about  50®  or  in  a  vacuum  desiccator. 

Strychnine  Solution, — ^Two  grams  of  pure  strychnine  sulfate  are  put 
into  a  loo  cc.  flask,  with  80  cc.  of  water,  and  heated  to  about ^90^.  When 
the  salt  is  completely  dissolved,  the  solution  is  allowed  to  cool  and  then 
made  up  to  the  mark  with  distilled  water. 

Hydrochloric  Acid  (i-i). — Fifty  cubic  centimeters  of  strong  HCl  (sp. 
gr.  1.20)  are  diluted  to  100  cc.  with  water;  5.00  cc.  of  this  add  diluted  to 
100  cc.  can  be  standardized  by  titrating  with  0.5  N  soditun  carbonate. 
Twenty-four  cc.  of  acid  should  be  equivalent  to  30  cc.  of  0.5  N  alkali. 

Preparation  of  Reagent. — One  and  one-half  grams  of  sodium  molybdate 
(as  prepared  above)  are  dissolved  in  2.5  cc.  of  distilled  water  and  10  cc. 
of  (i-i)  hydrochloric  acid  added  while  shaking.  The  predpitate  which  is 
formed  on  the  first  additions  of  add  redissolves  in  the  excess  of  acid. 
One  cubic  centimeter  of  strychnine  sulfate  solution  is  then  added  while 
shaking,  and  the  solution  allowed  tg  stand  over  night.  After  filterings 
the  solution  should  be  perfectly  clear  and  practically  colorless.     For  this 

'  After  concentrating  for  sometime  the  solution  forms  a  crust  of  sodium  molyb- 
date, which  must  be  broken  up  occasionally  with  a  stirring  rod. 
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purpose  ordinary  filter  paper  cannot  be  used,  as  the  strongly  add  sdutkn 
extracts  from  it  a  substance  which  gives  a  very  marked  doud  on  standing. 
This  substance  seems  to  be  a  pihosphorus  compound,  as  S  &  S  No.  575, 
a  hardened  paper,  and  S  &  S  No.  589  a  quantitative  paper,  do  not  seem 
to  give  the  slightest  trace  even  on  standing  for  weeks.  S  &  S  No.  597 
gives  a  large  amount  of  this  suspension. 

For  Making  Standard  Solution, — One-tenth  of  a  gram  of  KH3PO4  is 
dissolved  in  2  liters  of  water;  100  cc.  of  this  stock  solution  diluted  to  i 
liter  will  make  a  standard  solution  containing  5  mg.  to  a  liter. 

For  Precipitating. — ^To  30  cc.  of  distilled  water  and  5  cc.  of  0.5  N  HCl, 
5.00  cc.  of  reagent  are  added  and  the  solution  shaken  thoroughly.  Ten 
cc.  of  phosphate  solution  (standard  or  unknown)  are  then  added  slowly 
with  a  pipet;  the  mixture  is  shaken  by  gentle  rotation  of  the  flask,  and 
after  3  minutes'  standing  it  is  ready  for  reading  in  the  nephdometer.^ 

For  Reading  the  Instrument, — ^As  these  directions  have  already  been  given 
in  detail,  there  is  no  need  for  repeating  them  here.^ 

(c)  Results  with  New  Reagent. — ^As  Pouget  and  Chouchak  studied 
the  effect  of  different  salts  on  their  nitric  add  reagent,  the  experiments 
with  the  new  reagent  were  limited  to  pure  solutions  of  mono-potassium 
phosphate.  In  series  of  liquids,  containing  5.0,  4.5,  4.0,  3.5,  3.0  and  2.5 
mg.  of  phosphate,  respectively,  precipitates  were  produced  as  described 
in  the  directions  and  the  readings  plotted,  as  shown  bdow. 

Curve  A  (Fig.  i)  was  made  September  11,  19 14,  with  a  reagent  con- 
taining Merck's  soditun  molybdate  and  Curve  B  (Fig.  2)  was  made  May 
20,  19 1 5,  with  a  reagent  containing  a  preparation  of  our  own  sodium 
molybdate,  as  indicated  on  page  2375. 

Table  I. 


Solution  of  KHsPOi. 
10  cc.  gample  contained 

Mg.  KHtPOi.              Mg.  P. 

Cttrve  A. 

Cnrre  B 

• 

Readings. 
Mm. 

k. 

Readings. 
Mm. 

*. 

0.0500 

0. 01 140 

13 

.92 

m    • 

14 

74 

•   • 

0.0450 

0.01025* 

14.95 

0 

.29       . 

15 

.92 

0.24 

0.0400 

O.OO911 

16 

.40 

0 

.23 

17 

.26 

0.23 

0.0350 

0.00797 

18 

.10 

0 

.21 

19 

.00 

0.22 

0.0300 

0.00683 

19 

96 

0 

.21 

20 

90 

0.22 

0.0250 

0 . 00569 

22 

.00 

0 

.21 

23 

.00 

0.22 

Average,    o .  23  o.  23 

The  figures  represent  the  average  of  2  to  3  readings  upon  two  or  three 
solutions  of  each  concentration  and  the  relatively  large  constant  indicates 
that  the  reaction  is  practically  complete.^    (See  Discussion.) 

m.    Discussion. 

In  nephelometric  work  published  from  the  Harriman  Laboratory  thus 
far,  considerable  stress  has  been  laid  on  the  position  of  the  curves  obtained 

*  Kober,  J.  Biol.  Chem.,  13,  485  (1913). 


NBPHQLOUBTTUC  ESTIMATIOK  OF  PHOSPHORUS.  2377 

om  a  gradatiooed  series  of  known  solutions.     These  suspensions  repre- 
nt  such  small  amounts  of  material  that  no  other  technic  can  be  conve- 
iently  employed  to  determine  the  completeness  of  precipitation,  and  so 
•r  we  have  relied  only  on   the 
Kitiott  of  these  curves,  relative  to 
g  colorimetric  curves,  to  tell  us 
iether  the  precipitation  is  corn- 
tie  or  not.     As  these  curves  are 
ly  important  for  rapid  and  ae- 
rate work,  a  recapitulation  of 
or  meaning  and  use  will  not  be 
It  of  place  here. 

Taking  Pig.  i  as  an  example, 
ten  the  standard  solution,  after 
edpitation,  was  put  on  both 
(es  of  the  instrument,  the  right 
k  was  set  at  15.0  mm.  and 
«a  the  light  in  the  eye-piece 
IS  matched,  the  left  side  read 
.91  (this  reading,  13.92,  is  de- 
ted  by  "s"  in  the  nephelome- 
c  formula  and  curve).  Now, 
(ring  the  standard  solution'  on 
(right  set  at  15.0  mm.,  another 
tation  (0.900  as  strong  as  the 
mdard)  was  put  in  place  of  the 
ndard  on  the  left  side,  which 

being  matched  with  the  standard  remaining  on  the  right  side,  gave  a 
Iding  of  14.95  (this  and  similar  readings  are  denoted  by  "y"  in  the 
mula  and  curve).  Then  solutions  of  0.800,  0.700,  0.600,  and  0.500 
mdard  strength  were  put  on  the  left  side  and  matched  successively, 
as  giving,  respectively,  16.40,  18.10,  19.90,  and  22.00  mm.  A  line 
iwn  through  these  points  gave  us  Curve  A,  and  similarly  Curve  B  was 
tained. 

If  the  instrument  and  light  remained  constant  so  that  the  readings 
the  standard  solution  always  remained  the  same,  in  this  case,  13.92 
Si.,  the  curve  would  be  sufficient  for  practical  work.  The  readings  of 
known  solutions,  by  reference  to  the  curve,  could  be  expressed  directiy 
milligrams  of  substance.  But  most  instruments  do  not  remain  con- 
uit  (not  even  a  good  balance)  and  therefore  the  readings  of  standard 
'  By  using  "s"  as  the  potential  heigbt  of  the  standard  liquid,  any  inequality  in 
bt.  tubes,  and  ptuBgcrs  of  the  two  rades  ts  diminaied-  It  is  sinular  to  weighing  by 
bstitutioa. 
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on  the  left  side  (the  readings  of  the  right  side  beit^  the  same, 
15.0  mm.)  changes,  from  time  to  time,  similarly  to  the  zero  ptunt  of  the 
balance,  and  the  value  of  the  curve  itself  is  thereby  destroyed.     TheicfoR; 
we  always  check  up  the  " 
point"  of  the  instrument,  be- 
fore beginning  a  series  of  anal- 
yses, by  putting  standard  solu- 
tion on  both  sides  of  the  bh 
strument  and  making  reading 
To  circumvent  this  difiScul^ 
of  changing  instrument,  with- 
out   using    a     oepfaelometii 
formula,    two     methods 
available:  (i)  toredilutedi 
the  standard  or  the  unkni 
solutions  until  they  give 
same    readings.      Unless 
two    readings    are     identuad 
which  is  difficult    to 
an  assumption  or  hypotbea 
toiust  be  introduced  to  & 
the  calculation,  t.  e.,  that 
readings  are  inversely  propM 
tiona]  to  the  concentration 
the  substance,  as  in  the  cur 
marked  "hypothetical."    Hi 
erroneous   this    assumption 
and  how  near  the  readings  of  the  "unkrtown"  must  be  to  those  oj  the  standm 
solutions  to  aooid  appreciable  error,  can  be  seen  at  a  glance  by  the  differtn 
between  the  hypothetical  and  the  actual  curve  (A).     Therefore,  this  way 
not  only  tedious,  but  not  very  accurate.     (2)  The  second  way  to  obvial 
the  inconstancy  of  the  instrument,  is,  of  course,  to  make  a  fresh 
each  time,  which  again  is  unnecessarily  tedious. 

If  a  nephelometric  curve  could  be  expressed  by  an  equation,  any 
in  any  one  of  the  variables  (t.  e.,  the  readings)  would  be  of  no 
and  in  general,  the  behavior  of  the  reagents  could  then  be  ftdlowed 
expressed    with    ease.     This    has    be«n   attempted'    in    the    fonmd 

y  =  —  —  -^- — 2~'  ^'i^"  y  ~  height  of  "unknown"  solution,  on 
left  side  of  the  instrument,  when  standard  solution  is  kept  on  the  rigt 
side  at  a  definite  height,  s  =  height  of  standard  solution  on  the  left 
and  X  =  the  ratio  of  the  concentrarions  of  the  two  solutions,  K  »  ■ 
'  Kober,  /.  Biol.  Chem.,  13, 485  {1913). 
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cQQstant,  obtained  by  substitution  of  standardization  values  of  s,  y^ 
andx. 

When  K  obtained  with  one  height  of  standard  solution  is  compared  with 
that  of  another  height,  it  is  found  that  K  is  proportional  to  the  height 
of  the  standard  solution,  and  the  equation  then  becomes  for  any  heights, 
of  liquid  within  moderate  limits 

5        (i — x)sk    t_     -  L       K 
V  = -^ w^ —  where  k  =  — . 

XX*  s 

When  solved  for  x  the  equation  becomes 


s  +  sk  +  ^{s  +  sky  —  4sky 

X  = , 

This  equation,  then,  actually  expresses  the  mathematical  relationships 
between  the  ratios  of  the  concentrations  of  the  substances  and  the  readings; 
and  fe,  which  is  constant  for  a  given  substance  and  its  reagent  or  precipi- 
tant, is  an  index  of  the  amotmt  of  deviation  of  the  readings  from  the  colori- 
metric  or  hjrpothetical  ciu^e.  Its  value  in  the  colorimetric  curve  is  zero 
and  the  maximum  thus  far  obtained  for  suspensions  is  0.29. 

One  of  us  (K.)  conjimctively  with  Sara  S.  Graves  has  found  it  conve- 
nient to  estimate  the  maximum  deviation  or  constant  possible  from  a 
given  suspension.  This  can  be  obtained  by  precipitating  a  standard 
solution,  then  diluting  an  aliquot  portion  with  more  reagent  to  a  definite 
volume,  and  comparing  the  two  suspensions  in  the  nephelometer.  The 
readings  of  *';v"  in  this  case  will  be  slightly  lower,  and  the  constant  slightly 
greater  than  the  one  used  in  actual  analysis,  or  that  obtained  by  diluting 
the  solution  before  adding  the  reagent.  This  is  due  to  the  fact  that  when 
substances  are  precipitated  in  very  dilute  solutions,  a  small  and  often  an 
appreciable  amount  remains  tmprecipitated,  through  its  solubility  or 
hydrolysis,  but  by  precipitating  before  diluting,  this  solubility  of  the 
substance  is  eliminated,  as  both  standard  and  ** unknown*'  or  weaker  solu- 
tion then  contain,  as  under  ideal  conditions,  the  same  proportion  of  precipi- 
tated and  dissolved  substance.^  We  shall  hereafter  designate  it  cts  the  iheo- 
reiical  constant  of  a  substance,  and  the  difference  between  it  and  the  actual 
constant  may  then  be  taken  as  representing  the  amount  of  substance 
not  precipitated,  under  the  conditions  of  analysis. 

With  the  Graves  reagent  for  ammonia  it  was  found  that  the  theoretical 
constant  was  0.26'  and  the  actual  0.14.'    For  this  new  reagent  for  phos- 

^  It  is,  of  course,  probable  that  the  suspetision  in  the  weaker  solution  will  redis^ 
solve  or  hydrolyse  slightly,  untU  the  same  equilibrium  is  reached  as  in  the  one  pre- 
cipitated after  dilution,  but  the  speed  of  solution,  near  the  saturation  point,  as  is  weU 
known,  is  extremely  slow,  and  any  error  due  to  this  must  be  negligible. 

*  Prom  the  note  book  of  S.  S.  Graves,  dated  February  10,  1915. 

'  Even  if  the  amount  not  precipitated  is  appreciable,  no  error  in  analysis  results^ 
as  it  is  eliminated  through  standardization. 
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phorus,  the  theoretical  constant  was  found  to  be  0.23,  and  the 
as  shown  above  is  near  0.22  (the  average,  including  two  high 
was  0.23),  which  demonstrates  that  the  precipitation  of  phosphorus  in 
extreme  dilution  is  remarkably  complete,     (The  half  standard  soli 
contained  i  part  of  phosphorus  in  2,000,000,  while  the  final 
in  the  nephelometer  only  contained  one  part  in  10,000,000.) 

Another  point  to  be  considered  in  connection  with  the  complel 
of  precipitation  is  that  of  stabiUty  of  the  suspension.  Experience 
shown  that  the  more  complete  a  precipitation  the  less  stable  the 
pension,  i,  e.,  the  quicker  it  agglutinates.  Thus  it  is  sometimes  m 
to  sacrifice  somewhat  on  the  completeness  of  the  precipitation  to 
stability  of  suspension  (i.  e.,  time  for  making  readings).  These  and 
properties  of  opalescent  solutions  will  be  taken  up  in  detaU  in  the 
future. 

IV.    Applications. 

Our    first    intention    was  to  apply  the  reagent  to  the  estimation 
phosphorus  in  various  organic  and  inorganic   substances,    but    lack 
opportimity  compels  us  to  content  oiurselves  with  a  few     prelindi 
trials.    As  Pouget  and  Chouchak  have  already  suggested  and  tried 
nitric  acid  reagent  for  metals,  ores  and  biological  material,  and  Greeni 
has  shown  that  the  same  is  useful  for  blood  work,  it  will  not  be  m 
to  give  many  details  and  data  for  the  purpose  of  showing  its  usefi 
The  accuracy  obtainable  with  the  new  reagent  is  shown  by  the  nepl 
metric  curves. 

.    As  the  dilution  of  the  solution  for  most  phosphorus  estimations  is 
large,  very  few  substances  are  Ukely  to  interfere  with  the  reaction, 
an  extreme  case  re-solution  of  a  phosphomolybdate  might  be    necef 
As  a  rule,  any  solution  containing  phosphates,  but  no  organic  matter, 
be  used  at  once,  provided  the  solution  is  neutral  or  slightly  acid  and 
from  turbidity. 

Ten  cc.  of  lurin'e  were  digested,  as  in  a  Kjeldahl  nitrogen  estimat 
with  20  cc.  of  concentrated  sulftu'ic  acid  and  10  g.  of  potassium 
untU  the  solution  was  clear.     After  the  melt  had  cooled  it  was  di 
in  water  and  made  up  to  500  cc.    Twenty  five  cc.  of  the  solution,  nei 
ized  rouglily  with  ammonia  and  filtered,  made  up  to  200  cc.  gave  a  soli 
of  suitable  dilution  for  nephelometric  work.     As  this  gave  a  su! 
slightly  stronger  than  the  standard  used,  it  was  put  on  the  right  sidej 
the  instrument  and  the  standard  on  the  left  was  used  as  an  ' 
The  ratio  of  the  diluted  urine  to  the  standard  is  therefore  equal  to  thei 
dprocal  of  x^  in  this  case. 

Titration^  with  uranium  acetate  gave  0.053  and  0.054  g-  oi  ph4 

^  For  making  these  estimations,  I  am  endebted  to  Dr.  Thomas  LcClaxr  of 
&  Co.,  Laboratory,  New  York  City. 
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in  icx)  cc,  of  urine.  Further  work  is  of  coui^  necessary  to  determine 
which  of  these  values  is  the  more  accurate,  and  if  the  conditions  for  the 
application  of  the  nephelometric  method  are  satisfactory.  It  is  possible 
that  the  ammonia  used  for  neutralization  has  a  slight  inhibitory  eifect, 
and  that  sodium  or  lithium  hydroxide  will  give  better  results. 

Tablb  II. 


s. 

y- 

Ratio  of  solution  to 
•tandard  ■•  1/x. 

Mg.  P.  in  1  cc 

eolutioo  (1  cc 

of  standard 

0.001034  mg.  P). 

G.  of  P  in  100  cc 
urine  (total  vol. 

dilution  for 
100  cc.  - 

40,000  cc). 

14.8. 

(a)| 

17.2 

15.0 

I  17.5 

Av.,   1. 218 

0.001259 

17.35 

0.0504 

14.9 

W^ 

17.4 

14.9 

.  172 

Av.,  1. 2 15 

0.001256 

17.30 

0.0502 

w^ 

17.4 
1 17.3 

Av.,  1.226 

VI.    Summa 

0.001267  • 

14.90 

17.45 

0.0507 

0.0504 

1.  The  reagent  of  Pouget  and  Chouchak  has  been  modified,  so  as  to 
be:  (a)  stable,  (b)  colorless,  (c)  quantitatively  and  (d)  nephelometrically 
applicable. 

2.  It  is  shown  that  0.005  ^g'  ^^  phosphorus  in  10  cc.  of  solution,  or 
one  part  of  phosphorus  in  2  million  parts  of  water,  is  easily  determined 
quantitatively  with  the  nephelometer. 

Nsw  You.  N.  y. 


NOTE. 

Alternating  Current  Thermoregulators.-^Davis^  has  recently  described 
an  alternating  current  thermoregulator,  designed  for  operation  on  the 
usual  no  v.,  60  cycle  Hghting  cturent.  In  my  description  of  a  large 
incubator'  a  very  similar  system  was  described,  differing  mainly  from 
Davis'  in  that  a  200  ohm,  main  line,  telegraph  relay  was  used  to  break  the 
circuit,  this  relay  operating  in  series  with  a  10  watt  lamp  and  being  con- 
trolled by  a  * 'fire-alarm"  thermometer.  This  system  operated  very 
well  for  several  months,  the  only  trouble  it  gave  being  that  incident  to 
the  sparking  at  the  mercury-platinum  contact  of  the  thermometer;  re- 
placing the  thermometer  with  a  thermoregulator  of  larger  bore  improved 

»  Tms  Journal,  37,  1520  (1915)- 
*  J.  Ind.  Eng.  Chem.,  6,  939  (1914). 
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this,  but  it  seemed  best  to  replace  the  no  volt  current  in  the 
circuit,  and  in  accordance  with  the  suggestion  at  the  end  of  my 
(supra)  a  Westinghouse  bell-ringing  transformer  was  connected  with 
primary  across  the  main  supply,  and  the  relay  and  themM 
operating  on  the  outside  24  v.  secondary  terminals.    This 
has  given  practically  no  trouble,  and  is  at  present  used  on  the 
incubator  described;  on  three  gas-heated  water  baths,  using  the 
electromagnetic  gas  valve;  and  on  a  large  electrically  heated  air- 
drier,  taking  about  30  amperes  in  the  heating  circuit;  in  the  latter 
the  200  ohm  relay  operating  on  the  24  v.  circuit  controls  a  bran<±  of 
no  V.  circuit  which  operates  a  large  motor-starting  relay  ("Contactor* 
the  coil  of  which  takes  0.4  ampere.    Two  different  makes  of  these 
tactors  are  at  present  in  satisfactory  use  in  this  Institute,  one  A.  C, 
the  other  D.  C.    They  are  rather  dumsy  for  handling  currents  of  less 
15  amperes,  and  there  wotdd  appear  to  be  some  demand  in  laborat 
for  a  well-constructed  relay  operating  on  no  v.  A.  C.  or  D.  C,  to 
circuits  carrying  from  2  to  15  amperes — such  relays  do  not  appear  to 
made  at  present;  the  ordinary  main  line  relay  will  usually  take  care  di 
amperes,  though  the  lead  to  the  armature  may  warm  up  a  little. 

I  beUeve  that  the  lower  voltage  at  the  break  is  a  decided  advani 
the  little  bell-ringing  transformers  take  very  little  ciurent,  and  one 
operate  a  large  number  of  such  temperature-control  circuits. 

P.  Albx.  McDBRMorr. 

MsLioN  iNsntun,  UNivsRamr  oy  PrmBimoH. 
PmsBuxoH.  Pa. 
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Bt  Ai,an  R.  Ai«buobt  and  Cha»i>es  O.  Youmo. 
Received  August  14.  1915. 

I.  Theoretical. — ^The  citrus  oils  have  been  shown,  by  a  large  numb 
of  investigators,  to  be  very  complex  mixtures,  as  is  true  of  practi< 
^11  of  the  volatile  oils.     The  principal  representatives  of  the  dass, 
and  orange  oils,  are  very  similar  in  composition.^     Each  contains  o^ 
^%  of  hydrocarbons,  the  terpene  d-limonene  being  in  prepondi 
Aldehydes  constitute  about  4-6%  of  lemon  oil,  about  1-3%  of 
oil.     Citral  is  the  most  important  member  of  this  group  present,  but 
accompanied  by  smaller  proportions  of  dtronellal  emd  other  alipl 
members  such  as  nonyl  and  decyl  aldehydes.     A  number  of  other 
stances  are  present,  to  which  some  of  the  finer  characteristics  <A  the 
of  the  oils  are  due.     The  most  important  of  these  are  theesters,  the  ic 
tity  of  which  has  been  fixed  as  linalyl  and  geranyl  acetates.* 

»  "The  Volatile  Oils,"  by  Gildemeister  &  Hoffman. 
*  Umney  and  Swinton,  Pharm.  /.,  61,  196,  370  (1898). 
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Fairly  satisfactory  methods  have  been  elaborated  for  the  examination 
of  the  oils,  in  so  far  as  regards  the  physical  properties  and  the  aldehyde 
content,  but  we  have  thought  that  a  knowledge  of  the  proportion  of  esters 
present  would  be  an  aid  in  forming  judgment  of  these  oils.  In  regard  to 
lemon  oil,  some  work  has  already  been  done  in  this  field,  and  the  following 
data  are  available : 

Umney  and  Swinton^  report  on  an  examination  of  lemon  oil,  giving  an 
account  of  a  process  which  involves  the  distillation  of  the  terpenes  in 
vacuo,  removal  of  the  aldehydes  from  the  remaining  oil  by  means  of  sodium 
add  sulfite,  saponification,  and  fractional  distillation  to  isolate  the  alco- 
hok.  The  statement  is  made  that  pure  oils  contain  from  1.2  to  i .  4% 
of  esters,  calculated  as  geranyl  acetate.  We  consider  the  process  to  be 
too  involved  to  be  a  generally  useful  method  of  examination,  and  believe 
the  quantitative  separation  of  the  aldehydes  by  the  acid  sulfite  method 
to  be  practically  impossible. 

Bert6  states  that  the  saponification  number  of  the  evaporation  residue 
of  a  lemon  oil  should  not  exceed  ''3.5%/'  a  higher  figure  indicating 
added  fats.* 

A.  Parrozzani^  has  recently  pubUshed  the  results  of  some  examinations 
of  "terpeneless"  lemon  oils.  The  **terpene-free"  oils  are  distilled  with 
steam,  and  the  aldehydes  removed  from  the  distilled  oil  with  add  sulfite, 
but  beyond  these  statements  nothing  is  said  regarding  the  procedure 
followed  in  the  ester  determination.  Parrozzani  gives  the  ester  content 
of  five  of  these  concentrated  oOs,  the  range  being  from  26. 1%  to  37 . 2%, 
calculated  as  linalyl  acetate.  He  believes  that  the  ratio  between  the 
ester  and  the  aldehyde  content  should  be  useftd  in  judging  a  terpeneless 
oil. 

n.  Material. — ^The  material  upon  which  otu-  experimental  work  was 

done  consisted,  first,  of  mixtures  of  known  composition,  which  were  made 

up  as  follows: 

(i)  linalyl  acetate  2.5%,  dtral  4%,  limonene  93>5% 

2)  2.0       4         94.0 

/  \      tt  II  II  II  ^ 

(3)  1-5       4  94-5 
/  \   <(     II                      II                   II 

(4)  10       4  95.0 
/  \   «     II                      II                   II 

(5)  0.5       4  95.5 

The  linalyl  acetate,  obtained  from  Fritzsche  Bros.,  had  been  stored 
under  conditions  favorable  to  its  preservation.  It  showed  an  ester  con- 
^t  of  85 . 3%.    The  citral  was  a  fresh  sample,  purchased  from  Fritzsche 

^Loc.  cU, 

*  BoU.  chim.  farm.,  43,  709;  through  Chem.  Zentr.,  1904,  II,  1670.  The  exact 
meaning  of  the  tenn  "3.5%"  is  not  stated  in  the  abstract.  The  original  has  not  as  yet 
become  available. 

*  Ann.  R.  StoM.  Sperim.  Acireale.,  2,  86  (1914);  abstract  /.  soc.  chem.  ind.,  34, 
301. 
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Bros.  The  limonene  was  obtained  from  lemon  oils  by  fractional  distilla- 
tion  in  vacuo,  as  described  below,  and  it  had  an  apparent  ester  content,  after 
neutralization,  of  0.46%,  calculated  as  Unalyl  acetate.  Considering  the 
fact  that  practically  no  limonene  remains  in  the  sample  after  the  frac- 
tional distillation,  the  effect  of  this  amotmt  of  saponifiable  matter  on  the 
determination  of  esters  in  the  mixtures  made  up  with  these  terpenes  is 
negligible. 

Further,  experimental  work  was  done  upon  samples  of  Sicilian  lemon 
oils  taken  from  regular  importations;  and  .upon  some  samples  of  terpene- 
less  lemon  extracts,  partly  commercially  made,  partly  prepared  in  the 
laboratory. 

m.  Method. — For  the  determination  of  volatile  esters,  the  authors 
propose  the  following  manipulation: 

First,  the  terpene  fraction  is  removed  as  follows:  100  g.  of  the  oil  are 
weighed  into  a  3-bulb  Ladenburg  flask,  the  flask  hung  in  a  hemispherical 
iron  air  bath,  connected  with  a  pump  producing  a  vacuum  of  2-5  mm., 
a  small  flame  placed  below,  regulated  to  give  a  slow  rate*  of  distillation, 
(not  exceeding  18-20  drops  per  minute),  and  the  process  not  disturbed 
until  limonene  ceases  to  come  over. 

When  the  automatic  stopping  of  the  vacuum  distillation  has  taken 
place,  the  flask  is  connected  with  a  long  condenser,  and  a  current  of  steam 
passed  through  until  the  volume  of  the  distillate  reaches  200  cc.  This 
distillation  is  so  regulated  as  to  consume  at  l^ast  30-45  minutes.  The 
volume  of  material  in  the  flask  is  kept  as  nearly  constant  as  possible  by 
heating  with  a  flame.  When  the  steam  distillation  is  carried  out  in  less 
time  than  this,  it  is  almost  invariably  found  that  a  sufficient  amount  of 
less  readily  volatile  material  is  driven  over  to  produce  murkiness  and  to 
interiere  seriously  with  the  titration.  The  same  effect  is  observed  when 
the  volume  of  oil  with  water  in  the  flask  becomes  too  low.  When  a  large 
volume  of  water  accumulates  in  the  flask,  the  results  appear  to  be  too 
low,  due  to  incomplete  volatilization  of  the  ester.  The  steam  distillates 
are  always  fotmd  to  be  slightly  add  to  phenolphthalein,  but  no  relation 
between  this  acidity  and  the  saponification  value  has  been  observed. 

A  concentrated  aqueous  solution  of  the  theoretical  quantity,  or  an  ex- 
cess of  semicarbazide  hydrochloride  with  an  equivalent  amount  of  oys- 
talline  sodium  acetate  is  now  added.*  This  is  calculated  from  the  alde- 
hyde content,  determined  previously  by  Hiltner's  method.^  When  an 
insufficient  amount  is  u^d,  the  end  point  is  not  sharp.  100  cc.  of  95% 
alcohol  are  then  added,  the  mixture  shaken  around  for  a  few  minutes,  and  al- 
lowed to  stand  for  10-15  minutes,  or  longer,  if  convenient.  A  large  bulk  of 
citral  semicarbazone  usually  separates  at  this  point.  The  solution  is 
then  neutralized  to  phenolphthalein,  50  cc.  0.5  iV  alcoholic  KOH  added, 
^  U.  S.  Dept.  of  Agr.,  Bur.  of  Chem.,  Bull.  132,  p.  102;  /.  Ind.  Eng.  Chem,,  i,  798. 
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and  the  solution  boiled  under  a  reflux  for  two  hours.  At  the  end  of  this 
time  it  is  cooled  to  room  temperature  without  delay,  under  tap  water, 
and  the  excess  alkali  titrated  with  0.$  N  hydrochloric  add.  It  is  neces- 
sary to  use  a  much  larger  quantity  of  phenolphthalein  than  in  ordinary 
titrations.  Using  a  100  g.  sample,  the  number  of  cc.  of  o.s  N  alkali 
consumed,  multiplied  by  0.098  (the  value  in  grams  of  i  cc.  o . 5  iV  linalyl- 
acetate),  and  an  empirical  factor  (see  below)  gives  the  percentage  of  saponi- 
fiable  matter  present,  calculated  as  linalyl  acetate. 

The  above  described  process,  when  applied  to  lemon  extracts,  takes 
the  following  form: 

400  g.  are  distilled  slowly  from  an  ordinary  side-neck  flask  until  the 
volume  is  reduced  to  50-75  cc.  Steam  is  then  passed  through  tmtil  no 
more  volatile  oil  comes  over.  The  combined  distillates  are  then  treated 
exactly  as  the  steam  distillate  in  the  case  of  lemon  oils,  calculating  the 
necessary  amount  of  semicarbazide  from  the  dtral  value  (i  g.  dtral  re- 
quires about  0.75  g.  semicarbazide  hydrochloride). 

IV.  Bxpeiimental. — In  the  course  of  our  preliminary  work  certain 
points  were  established,  to  which  attention  is  called.  Since  it  was  recog- 
nized that  aldehydes,  on  heating  with  alkalies,  tend  to  resinify,  or  polym- 
erize, and  consequently  combine  with  some  alkali,  experiments  were 
carried  out  with  a  view  to  their  quantitative  removal.  Ndther  sodium 
add  sulfite  nor  neutral  sulfite  could  be  made  to  serve  this  end.  Predpi- 
tation  and  removal  of  the  aldehydes  as  semicarbazones  was  then  tried 
but  this  failed,  as  it  was  found  impossible  to  wash  the  predpitate  com- 
pletdy  free  of  absorbed  ester.  This  was  manifest  on  saponification  of 
the  washed  predpitate.  That  the  constunption  of  alkali  was  due  to  ester, 
and  not  to  a  splitting  of  the  semicarbazones,  was  shown  by  heating  with 
excess  of  0.5  iV  KOH,  a  preparation  of  pture  dtral  semicarbazone,  made 
from  the  commerdal  article  in  the  usual  way.  Titration  of  the  uncom- 
bined  alkali  showed  a  negligibly  small  apparent  ester  content. 

Our  experiments  prove,  then,  that  if  the  aldehydes  be  first  condensed 
with  semicarbazide,  they  do  not  resinify,  and  the  semicarbazones  are  not 
hydrolyzed  during  the  saponification  of  the  esters  with  alkali,  so  that  con- 
densation with  semicarbazide  is  recommended  as  a  general  procedure 
as  a  preliminary  to  determination  of  the  saponification  .value,  when  alde- 
hydes are  present.  Much  trouble  had  been  encountered,  at  first,  in  judg- 
ing the  phenolphthalein  end  point  in  the  titrations,  owing  to  the  ex- 
treme murkiness  of  the  solutions,  and  it  was  expected  that  when  the  alde- 
hydes had  been  disposed  of,  the  saponification  solutions  would  remain 
dear  and  practically  colorless.  It  was  soon  found,  however,  that  the 
aldehydes  were  not  alone  responsible  for  our  failiu-es;  only  after  the  vola- 
tile part  of  the  concentrated  oil  remaining  after  the  vacuum  distillation 
had  been  distilled  out  with  steam,  and  the  free  aldehyde  group  protected 
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by  condensation,  could  a  satisfactory  saponification  be  effected.  It 
evident,  then,  than  the  nonvolatile,  or  resinous,  parts  of  the  oil  must 
separated  before  the  determination  of  the  volatile  esters  is  at 
These  resins  themselves  have  a  saponification  value,  as  shown  by  the 
lowing  experiment :  The  total  nonvolatile  matter  from  loo  g.  of  one 
oil  weighed  2.6  g.  This  showed,  on  saponification,  an  apparent 
acetate  content  of  i .  15  g.,  or  i .  15%  of  tiie  original  oil;  calculated  to 
residue,  this  was  44%.  The  end  point  was  very  difficult  to  del 
This  material,  since  it  is  not  volatile  either  in  vacuo  or  with  steam, 
be  regarded  as  either  linalyl  or  geranyl  acetates;  its  compositioii  is 
no  means  dear,  and  for  these  reasons  we  hold  that  the  determination  1 
the  esters  should  be  made  only  in  the  volatile  parts  of  the  oils. 

The  amount  of  linalyl  acetate,  calculated  from  values  obtained 
saponification  of  the  pure  ester  under  the  best  conditions,  was  found  I 
be  on  the  average  85.3%  of  that  actually  present, ^  while  in  carrying 
otir  process,  the  average  was  78.4%,  indicating  a  constant  loss  d 
7%  of  the  ester  used  in  making  up  the  mixture.     The  range  was  7 
80.3%.    The  saponification  of  Unalyl  acetate  was  carried  out  by 
ing  1 .000  g.  of  the  ester  two  hours  tmder  a  reflux  with  50  cc.  0.5  A^ 
holic  KOH,  cooling  at  once  and  titrating  back  with  0.5  iV  hy< 
add  to  phenolphthalein. 

To  coitvert  the  apparent  ester  value,  then,  into  a  figure  which 
indicate  almost  exactiy  the  true  content  of  saponifiable  matter, 
as  linalyl  acetate,  we  multiply  the  former  by  100/78 .4  »  i .  28. 

In  Table  I  are  given  data  relating  to  a  few  t3rpical  examples  taken 
thirty-eight  experiments  on  the  mixtures  of  known  compositioa;  in 
II,  results  of  the  application  of  the  method  to  the  commeroAl  lemon 
mentioned  above.    The  figures  are  given  merdy  to  indicate  how 
two  successive  trials  have  been  made  to  check;  fresh,  authentic 
must  be  collected  before  Unfits  may  be  set  for  the  volatile  ester 
or  for  its  relation  to  the  aldehyde  content.     In  Table  III  are  given 
data  obtained  in  work  on  a  few  ''terpendess"  lemon  extracts. 

As  soon  as  authentic  samples  become  available,  work  will  be  d< 
orange  and  other  oils  as  well  as  on  lemon  oil,  in  order  to  establish 
analytical  figures.  Extracts,  espedally  those  of  the  ''terpendess'* 
will  be  prepared  from  these  oils  and  examined  in  the  same  way.  The 
bility  of  developing  a  gravimetric  method  for  the  determination  of 
hydes,  making  use  of  the  insoluble  semicarbazones  is  suggested, 
authors  propose  to  attempt  to  distinguish  between  lemon  oil  ald< 
and  lemongrass  dtral  by  investigating  the  properties  of  the 
semicarbazones. 

^  According  to  Barillet  and  Berthd^,  equilibrium  is  reached  when  85.5%  of 
linalyl  acetate  is  saponified  with  excess  KOH.     Bull,  soc,  chim,  de  Prance,  ijMi 
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Table  I. — ^Mixturbs  of  Known  CoMPOsmoN. 


Wt.        1 
sample. 

Vacuum  distillation. 

Ester      Ester  fo 

found.         %  til 

%.              retic 

Eater 
contest. 
No.            %. 

PMS- 

Bore. 
Mm. 

Temp,  of 
of  bulk. 

Time. 
Hra. 

mnd.     Ester 
eo-       found 
aL        X  1.28. 

34          2.50 

100 

3 

31.0® 

4 

I. 

97            78. 

8          2.52 

38          2.00 

100 

3 

36.0* 

3V1 

I. 

58            79. 

0         2.02 

66          I. 00 

100 

3 

■    ■ 

4V1 

1              0 

.77            77. 

0         0.99 

67          I. 00 

200 

■    • 

•   • 

6 

0 

.79           79. 

0          1. 01 

Table  II. 

— ^Natural  Lemon  Oils. 

Ko. 

Alddiyde 

content. 

%eitXBl. 

Wt. 

sample 

G. 

Vac 

distn. 
Houn. 

Ester 
found. 

Corrected 

ester  con- 
tent.   %. 

Ratio 

esters  to 
aldehydes. 

54001 

5.4 

100 

3V1 

1.32 

1.69 

0.31 

54001 

5.4 

100 

4 

1.36 

1.74 

0.32 

53933 

4.9 

100 

4V. 

1.05 

1.34 

0.27 

53933 

4.9 

100 

2V4 

1.08 

1.38 

0.28 

53955 

4.8 

100 

4V. 

0.99 

1.27 

0.26 

53955 

4.8 

100 

3V. 

0.97 

1.24 

0.26 

Table  III 

. — "Terpeneless"  Lemon  Extracts. 

No. 

wt.  sample. 
G. 

VoL  distillate. 
Cc. 

Ester  found.         Corrected  ester 
%.                    content.    %. 

75 

400 

700 

O.II 

0 

M4 

79 

400 

600 

0.07 

G 

».09 

80 

400 

600 

0.08 

0 

MO 

Summary. 

The  following  method,  in  brief,  is  suggested  for  the  determina- 
tion of  the  volatile  saponifiable  matter,  calculated  as  linalyl 
acetate,  contained  in  citrus  oils.  The  terpene  fraction  is  distilled  in 
vacuo  from  a  large,  say,  100  g.  sample,  and  the  remaining  volatile  oil  re- 
moved by  steam  distillation.  The  aldehydes  in  the  steam  distillate  are 
condensed  with  semicarbazide  hydrochloride  and  the  esters  determined 
in  the  presence  of  the  semicarbazone  by  saponification  with  KOH.  The 
process  is  applicable  to  the  corresponding  extracts  by  distilling  oflf  all 
the  readily  volatile  matter  and  treating  this  exactly  as  the  steam  distillate 
obtained  in  the  examination  of  the  oils.  The  manipulation  described  in 
the  text  should  be  adhered  to. 

Pood  Imvbstxoation  Laboratort,  Burbau  of  Cbbicistry.  ■ 
u.  s.  dspartitsmt  ov  aoricui^tuu, 
Washxhoton,  D.  C. 


A  STUDY  OF  THE  CHEMICAL  Ain>  PHYSICAL  PROPERTIES  OF 

OILS  DISTILLED  FROM  THE  VARIOUS  PARTS  OF 

THE  PLANT  ACORUS  CALAMUS,  L. 

By  G.  a.  Rusasu*.* 
Received  August  3.  1915. 

Acorus  calamus,  1,*,  (Family  Araceae)  is  found  in  the  moderate  zones 
of  all  the  countries  in  the  northern  hemisphere,  being  indigenous  to  the 
'  Published  by  permission  of  the  Secretary  of  Agriculture. 
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eastern  half  of  North  America,  and  found  as  far  north  as  Nova  Scotia. 
It  grows  usually  in  low,  wet  and  boggy  places.  In  the  drug  market  it 
is  known  under  the  name  of  ''calamus/'  the  marketable  portion  of  the 
plant  being  the  unpeeled  rhizome. 

The  ctdtivation  of  calamus  is  reported  to  have  been  conducted  in  Poland 
in  the  thirteenth  century,  and  in  Germany  in  the  sixteenth  century.^ 
Clusius  is  reported  as  having  cultivated  calamus  in  1574  from  a  root  re- 
ceived from  Asia  Minor.  He  distributed  the  plant  to  other  botanists  in 
Belgium,  Germany  and  France,  from  which  latter  place  it  was  introduced 
into  England  in  1596,  and  there  grown  by  Gerard.  During  the  later 
centtuies  its  cultivation  has  not  been  carried  on  to  any  great  extent,  the 
supply  coming' from  natural  sources. 

Distillation  of  the  oil  of  calamus  has  been  carried  on  practically  from 
the  time  the  plant  was  first  cultivated,  mention  of  the  distilled  oil  being 
found  in  the  price  ordinance  of  Frankfurt  in  1582  and  in  the  Dispensa- 
torium  Norictun  in  1589.*  A  chemical  examination  of  the  oil  was  first 
reported  by  Wendd  in  1718.  Since  then  other  investigators  have  from 
time  to  time  reported  on  the  volatile  oil.  These  investigators  do  not  give 
the  origin  of  the  oils  examined,  but  they  probably  came  from  plants  col- 
lected in  the  wild  state. 

During  the  seasons  of  1913  and  1914  a  small  quantity,  of  calamus  was 
grown  on  upland  soQ  at  Madison,  Wis.  The  plants  flourished,  and  at 
the  close  of  the  season  of  1914  they  were  dug  and  the  various  parts  dis- 
tilled with  steam.  The  aerial  parts  were  distilled  while  yet  green  and  fresh. 
The  rhizomes  and  roots  were  first  air  dried,  then  separated  and  distilled. 
The  fresh  aerial  parts  3delded  on  distillation  0.123%  oil,  the  dried  rhizomes 
0.638%,  and  the  dried  roots  2.50%.  In  additicm  to  these,  a  small  quantity 
of  air-dried  rhizomes  from  Bell,  Md.,  was  distilled,  and  also  a  small 
quantity  of  dry  rhizomes  obtained  in  the  open  market.  The  former 
yielded  0.95%  oil,  and  the  latter  1.493%.  ^^'^  yield  of  oil  from  rhizomes, 
as  heretofore  reported,  is  greater  than  in  any  of  the  above.  No  doubt 
freshly  dried  rhizomes  from  plants  gTO¥m  in  their  natural  habitat  yield 
more  oil  than  those  which  have  laid  in  stock  for  some  time.  Compared 
with  what  has  heretofore  been  reported,  the  yield  of  oil  from  the  rhixames 
purchased  in  the  open  market  is  low,  the  age  of  the  samples  probably 
accounting  for  the  low  percentage.  The  yield  of  oil  from  rhizomes  grown 
on  upland  at  both  Madison,  Wis.,  and  Bell,  Md.,  is  much  lower  than  any 
hitherto  reported.  These  low  3rields  are  probably  due  to  the  fact  that 
the  plant  was  taken  from  its  natural  habitat  and  grown  in  entirely  new 
environments. 

'  Bentley  and  Trimen.  "Medidoal  Plants."  4,  279  (1880). 

*  Gildemeister  and  Hoffmann.  "The  Volatile  Oik,"  i90O»  p.  301.    T^andated  bf 
Edward  Elremers. 
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Physical  Appearance  of  the  Oils. — The  oil  from  the  fresh  tops  of  calamus 
was  straw  }rellow  in  color,  with  a  pleasing  aromatic  camphor-Uke  odor, 
and  an  acrid,  spicy,  somewhat  bitter  taste.  The  oil  from  the  rhizomes 
grown  at  Madison,  Wis.,  was  Ught  reddish  brown  in  color.  The  odor 
was  aromatic,  somewhat  camphoraceous,  resembling  the  odor  of  the 
freshly  dug  rhizomes,  and  the  taste  acrid  and  bitter.  The  oil  from  the 
roots  was  golden  yellow  in  color  with  a  pleasant  aromatic  camphor-Uke 
odor  and  a  ptmgent,  bitter,  acrid  taste.  The  oil  obtained  from  the  rhi- 
zomes grown  at  Bell  was  similar  in  all  respects  to  that  produced  at  Madison, 
Wis.  The  oil  from  the  rhizomes«obtained  in  the  open  market  was  brownish 
yellow  in  color,  with  a  pungent,  somewhat  aromatic  and  sUghtly  cam- 
phoraceous odor,  and  a  pungent,  bitter  taste. 

Physical  Constants  of  the  Oils.— The  usual  physical  constants,  density, 
specific  rotation,  and  index  of  refraction,  were  determined.  The  results 
are  tabulated  in  Table  I. 

Tablb  I. 
Physical  Constants  of  Oils  from  Acorns  Calamus.  Chemical  Constants. 

Saponi-     Acctyl- 
Pltft  Geographic  Dcnaltj        [aJo  n^  Add        Bater      ficatum      iaatum 

distiOed.              Mmrce.  at  23**.  at  23''.  at  23^.  number,  number,   number,  number. 

Tops  Madison,  Wis.  0.9509  +12.2  1.5035  None     12.6       5305 

Rhizomes  Madison,  Wis.  0.9547  +21.7  i'.4990  None      15.5       38.40 

Roots  Madison,  Wis.  0.9491  +18.7  1.5065  None     23.7       42.10 

Rhizomes  Bell,  Md.  0.9938         1.5140  8.15^     55.3      63.45       

Rhizomes  Open  market  0.9945         x.5080  5.75^     42.5      48.25       

Prom  the  density  figures  little  comparison  can  be  drawn  as  to  the 
constituents  of  the  oils;  the  range  being  between  0.9  and  i.o  indicates  a 
mixture  of  terpenes  and  possibly  some  oxygen  derivatives.  The  high 
specific  gravity  of  the  oils  from  the  rhizomes  grown  at  Bell  and  those 
obtained  in  the  open  market  is  partially  due  to  age,  the  constant  having 
been  determined  eight  weeks  after  distilling. 

All  parts  of  the  plant  yield  oils  with  dextrorotatory  properties.  Being 
optically  active,  all  these  oils  must  contain  some  compound,  or  com- 
pounds, with  asymmetric  carbon  atoms.  Owing  to  the  small  amounts  of 
oil  obtained  from  the  other  rhizomes  distilled,  an  observation  could  not 
be  made  of  their  rotation. 

The  index  of  refraction  of  the. oils  from  all  parts  of  the  plant  lies  within 
a  very  small  range.  All  the  oils  have  a  low  index  of  refraction,  indicating 
the  absence  of  compounds  containing  double  bonds. 

Solubility  of  the  Oils. — Oil  from  the  fresh  aerial  part  of. calamus  was 
found  to  be  soluble  in  90%  alcohol  with  turbidity  in  5  volumes  or  over; 
soluble  in  18  volumes  of  70%  alcohol  and  dear  in  excess. 

Oil  from  the  rhizomes  grown  at  Madison  was  soluble  in  all  proportions 
of  both  90  and  70%  alcohol. 

'  Determined  eight  weeks  after  distilling. 
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Oil  from  the  roots  grown  at  Madiscm  was  soluble  in  6  votumes  cf 
alcohol,  and  dear  m  excess,  also  soluble  in  40  volumes  of  70% 
and  dear  m  excess. 

Since  terpenes  and  sesquiterpenes  decrease  the  solubilityy  and 
genated  compoimds  increase  the  solubility  of  an  oil  in  alcohol,  a 
of  the  oils  from  the  various  parts  of  the  plant  is  made  possible.    The 
from  the  rhizomes  -was  very  soluble  in  90%  alcohol,  that  from  the 
less  soluble,  and  that  from  the  roots  still  less  soluble.    This 
istic  of  the  oils  indicates  that  a  greater  portion  of  terpenes  or  sesquit 
is  present  in  the  oil  from  the  roots  than  in  dther  the  oil  from  the  topB\ 
rhizomes,  while  of  the  latter  two  the  oil  from  the  tops  contains  the 
amoimt  of  terpenes  or  sesquiterpenes.    The  same  characteristics  axe 
fested  when  the  various  oils  are  dissolved  in  70%  alcohol.     The 
solubiUty  of  the  oil  from  the  rhizomes,  and  the  lower  solubility  of  the 
frbm  the  tops  and  roots,  is  also  probably  due  in  part  to  the  larger 
of  oxygenated  compounds  present  in  the  oil  from  the  rhizomes  than 
either  of  the  other  oils  used  in  comparison. 

Chemical  Constants  of  the  Oite. — ^In  determining  the  chemiral 
stants  the  usual  methods  were  employed  and  the  usual  determinal 
made.    The  results  are  tabulate4  in  Table  I. 

No  free  adds  were  fotmd  in  the  freshly  distilled  oils  from  the 
parts  of  the  plant.    An  index  to  the  rapidity  with  which  free 
formed  in  the  oil  from  the  rhizome  is  found  in  the  add  numbers  of  the 
oils  from  the  rhizomes  grown  at  Bell,  Md.,  and  those  secured  in  the 
market,  respectivdy. 

Esters  are  fotmd  in  all  parts  of  the  plant,  as  indicated  by  the 
found.  The  greatest  amount  is  found  in  the  roots,  the  least  in  the 
This  would  indicate  that  esters  are  formed  more  rapidly  in  that 
the  plant  furthest  removed  from  air  and  light.  That  the  ester  value 
creases  with  storage  is  shown  by  the  numbers  obtained  in  the  oils  froml 
rhizomes  grown  at  Bell  and  from  those  obtained  in  the  open 

In  determining  the  acetyl  value,  the  method  as  outlined  in  Gild^ 
and  Hoffmann^  was  followed.    Alcohols  are  present  in  all  the 
the  plant,  being  in  greatest  abundance  in  the  tops  and  least  in  the  i 
This  is  made  known  by  the  saponification  number  found  after 
tion,  which  in  these  oils  is  greatest  in  the  oil  from  the  tops.     The 
found  point  to  the  probability  of  the  production  of  alcohols  in  those 
of  the  plant  where  the  greatest  activity  is  taking  place,  namely,  the 
and  roots. 

Tests  for  Phenols  and  Aldehydes  in  the  Oils. — ^A  qualitative  test 
phenols  gave  negative  results  in  all  the  oils,  as  did  a  quantitative 
The  latter  was  made  by  shaking  5  cc.  of  oil  with  a  5%  solution  of 
'  Loc.  cit. 
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hydroxide  and  allowing  the  mixture  to  stand  for  25  hours.  No  diminu^- 
tion  could  be  noted  in  the  volume  of  oil.  The  alkaline  solution  was  then 
run  aS,  acidified  with  sulfuric  add,  and  distilled  with  steam.  The  dis- 
tillate tested  with  ferric  chloride  gave  negative  results  in  all  the  oils  from 
the  various  parts  of  the  plant.  It  is  concluded,  therefore,  that  no  phenols 
are  present  in  these  oils. 

A  qualitative  test  for  aldehydes  by  means  of  Schiff's  reagent  gave  posi- 
tive results  in  all  the  oils.  In  all  cases  2  cc.  of  the  reagent  were  used  and 
one  drop  of  oil.  From  the  density  of  the  color  produced,  an  approximate 
comparison  can  be  made  of  the  amotmts  of  aldehyde  present.  Oil  from 
the  tops  gave  the  deepest  coloration,  followed  by  that  from  the  rhizomes 
and  roots,  in  the  order  stated.  From  this  qualitative  test  it  may  be  in- 
ferred that  the  production  of  aldehydes  is  greatest  in  the  part  of  the  plant 
exposed  to  the  action  of  sun  and  air  and  that  this  production  dimiinshes 
as  these  factors  are  more  or  less  shut  off. 

Combined  Acids  in  the  Oils. — Owing  to  the  small  amotmts  of  oils  avail- 
able for  investigation,  this  determination  was  made  on  the  oil  just  previous 
to  fractionation.  The  oils  were  saponified  with  alcoholic  potassium  hy- 
droxide, water  added  and  the  whole  heated  on  a  water  bath  until  the  alco- 
hol was  expelled.  The  oil  which  separates  out  was  removed,  and  the 
aqueous  alkaline  solution  shaken  out  with  ether  to  remove  any  adhering 
oil.  The  alkaline  solution  was  then  evaporated  on  a  water  bath  to  a  small 
volume,  treated  with  an  excess  of  sulfinic  acid  and  distilled  with  ^team. 
The  distillate  was  tested  for  acidity  with  litmus  paper  and,  where  any 
oily  globules  separated,  these  were  removed  by  shaking  out;  with  ether, 
the  ether  evaporated  and  the  insoluble  adds  thus  obtained  neutralized 
with  0.02  N  potassium  hydroxide  and  predpitated  with  0.1  N  silver 
nitrate. 

All  the  oils  contain  small  amotmts  of  soluble  and  insoluble  adds  in 
combination.  The  odor  of  the  distillates  was  quite  pronotmced,  but  not 
extremely  disagreeable,  indicating  that  the  adds  were  of  comparatively 
low  carbon  content.  An  attempt  to  produce  stable  silver  salts  of  the  adds 
from  the  oils  of  the  rhizomes  and  roots  failed,  although  every  precaution 
was  taken  to  prevent  immediate  reduction.  The  oil  from  the  tops  was 
found  to  contain  a  soluble  add,  butyric  add,  and  an  insoluble  add,  heptoic 
(Oenanthylic)  add. 

Silver  butyrate  requires  55.3%  Ag.    Pound  56.73%. 
Silver  heptoate  requires  45.5%  Ag.    Pound  44.89%. 

Fractionation  of  the  Oils. — ^The  saponified  oils  were  fractionated  under 
14  mm.  presstne.  Fractionation  was  carried  on  in  a  three-bulb  Ladenburg 
flask  and  the  heat  was  so  regulated  that  the  oils  all  distilled  with  approxi- 
matdy  the  same  rapidity.  Seven  fractions  were  obtained  from  each  oil. 
The  small  amounts  of  oil  available  and  the  small  fractions  obtained,  made 
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it  impossible  to  refractionate  the  fractions  and  precluded  the 
examination  of  the  fractions  obtained.    The  fractions  as  obtained 
their  physical  constants  are  tabulated  in  Tables  II,  III,  and  IV,  and 
dicated  graphically  in  Fig.  i. 

30 


tSO  /40 

Temperature  Jeg-  C 

Pig.  I. — ^Fractionation ^curves  of  oils  from  the  tops,  rhizomes  and  roots  of 

Acorus  Calamus. 

Table  II. 
Fractionation  of  the  Saponified  Oil  from  the  Tops  of  Acorus  Oilanma. 


Frac-  Tcmpcr- 
tion.      ature. 

^tOQS** 

95-125 


I 

2 
3 

4 

5 
6 

7 


125-133 
133-143'* 

143-150** 
i5<>-i6o* 
160-165* 


%  dis- 
tilled.      Color. 

1 1 .  60  Water  white 

5.12  Water  white 

3.10  Water  white 

7 .  07  Water  white 


Odor.  «t  23*. 

Limonene-like  o .  8544 

Limonene-like    ?  ^ 

Camphoracecws}  °-9'»« 

Camphoiaoeous,  0.9452 


at  23" 


I 
I. 


slightly  disagreeable 
16.72  Very  pale  straw,     Deoomp.  odor         0.9695 


yellow 
16.17  Pale  yellow 


+6.1     1.31 
1.00880  4-7-3     iv 


8    Over  165 


Decomp.  odor, 
more  pronounced 

Decomp.  odor,  very  1.0317    +7.7     i. 
pronotmced 
15 .  26  Deep  reddish  brown  Disagreeable         . ... 


24.93  Yellow 


At  165*  decomposition  took  place  in  the  distilling  flask  marked  by  a 
crease  in  temperature.    The  constituents  of  this  oil  are  extremely  hi|^  boifing; 
35%,  boiling  above  160^  at  the  pressure  of  14  nun.    The  indications 
amount  of  sesquiterpenes  present  in  this  oil. 


point  to  a 


^  The  oil  begins  to  distil  at  60°. 
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Tabls  III. 
Fractionation  of  the  Saponified  Oil  from  the  Rhizomes  of  Acorus  Calamus. 


Prae>  Tempera-     %  di*- 
tnre         tflled. 

I  1  to  120** 


Odot. 


2    120-135 


3  135-145 


4  145-155 


4. 17  Vcty  pale  Straw 

ydlow 
6.00  Very  pale  straw 

yellow 
6 .  13  Very  pale  straw 

yellow 
H  •  30  Pale  straw  yellow 


Dcndty 
at  23*. 

0.9073 


Camphoraceous       o .  938 1 


like 


at23^   at  23*. 
X.479^ 

+  16.3   1.4870 

+  10.4  1.4938 

+4.3    1.5032 


+2.0  1.5055 


Somewhat  disagree-  o .  9420 

able,  deoomp.  odor 
Rather  disagree-      0.9480 

able,  decomposed 

odor 
Rather  disagree-      o .  9585 

able,  decomposed 

odor 
Rather  disagree-      0.9670  inactive  x.5072 

able,  decomposed 

odor 
Rather  disagree-      0.9883      — 3.3  1.5112 

able,  decomposed 

odor 
8  Over  170^  13 •93  Deep  reddish  brown  Decomp.  odor  ....  

At  170*^  sudden  decrease  in  the  temperature  marked  a  decomposition  change  taking 
place  in  the  Hi«ttllitig  flask.  The  oil  is  composed  chiefly  of  high  boiling  constituents, 
probably  sesquiterpenes,  or  closely  related  products. 

In  fraction  two  the  greatest  portion  of  the  oil  came  over  between  130-135^. 

In  fraction  three  the  greatest  portion  of  the  oil  came  over  betvreen  135-140°. 

In  fraction  four  the  greatest  i>ortion  of  the  oil  came  over  between  I45-I5o^ 

Tabls  IV. 
PractionatiQn  of  the  Saponified  Oil  from  the  Roots  of  Acorus  Calamus. 


5  155-157*    10.95  Straw  yellow 


6  157-160*    14.03  Straw  yellow 


7  160-170°  30.42  Greenish  yellow 


%dlt- 
tilled.  Color. 

0.918  Water  white 
10.97    Light  straw 
21.25    Light  straw 
27 .  09    Light  straw 
5.79    Light  straw 
6.82    Light  lemon 
1 1 .40    Lemon  yellow 
8  Above  160°   15.75     Deep  reddish 

brown 


1  *  to  125* 

2  125-135* 

3  133-137** 

4  I37-I40' 

5  140-145  • 

6  I45-I50* 

7  150-160* 


Odor. 
Camphoraceous 
Bomeol-hke 
Camphoraceous 
Camphoraceous 
Camphoraceous 
Deoomp.  odor 
Decomp.  odor 
Disagreeable  de- 


at  23^ 


at  23'.  at  23». 


•  •••  ••••  A*  ^\J^J^^ 

0.9336  +24.1  1.5000 

0.9346  +17.6  1.5038 

0.9381  +19.1  1.5045 

0.9443  +19.9  1.5060 

0.9503  +19-4  1.5082 

0.9710  +11. 1  1. 5130 


composed  odor 

At  160*  decomposition  takes  place  in  the  distilling  flask  marked  by  a  sudden  de- 
crease in  temperature. 

The  major  portion  of  this  oil  distils  below  140*  and  its  composition  is  probably 
man  or  less  terpenic  in  character. 

Summary. 

Acorus  calamus  cultivated  on  upland  soil  3delds  less  oil  than  that  grown 
in  its  natural  habitat.  All  parts  of  the  plant  contain  oil,  the  roots  having 
the  largest  percentage. 

^  The  oil  begins  to  distil  at  95  *. 
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The  oils  obtained  by  steam  distillation  from  the  various  parts  of  the 
plant,  namely,  aerial,  rhizome,  and  roots,  possess  var3ring  physical  and 
chemical  constants.    The  results  of  fractionation  of  these  oils  indicate  thai  < 
the  components  of  each  are  present  in  varying  amounts,  also  that  tiicae 
components  vary  to  some  extent. 

Further  work  on  the  composition  of  these  oils  will  be  undertaken 
larger  suppUes  of  oil  are  obtainable. 

bukbau  of  pl^ant  industry* 
Washinotom.  D.  C. 


(CONTRIBTmON  PROM  THE  CHBMICAlr  LABORATORY  OP  THB  MICHIGAN  AOWJCUtrUBJOm 

COIXSGB.  ] 

THE  ACTION  OF  TRIOXYMETHTLENE  ON  ^XYLENE  IN  TH| 

PRESENCE  OF  ALUMINUM  CHLORIDE. 

By  Rai^pb  C.  HuatOM  akd  Dwiobt  T.  Bwxno. 
Received  July  26.  1915. 

Plrsinkforter  and  Kokatnur,^  as  a  result  of  their  study  of  the  actioa 
of  trioxymethylene  on  benzene,  toluene,  o-xylene  and  mesitylene,  in  tba 
presence  of  aluminum  chloride,  conclude  that  four  benzene  nuclei  reacfl 
with  a  molecule  of  trioxymethylene  to  form  diphenylmethane,  and  anthn- 
cene  or  their  bomologues,  hydrogen  being  liberated  in  the  reaction. 

4C«Hfl  +  (CHaO),  +  AlCla  = 

•      CH2(C6H5)2  +  CuHio  +  3H2O  +  AlCU  +  Bj 

In  connection  with,  other  work  on  /^-xylene  which  is  being  carried 
in  this  laboratory  an  investigation  of  the  behavior  of  this  com] 
with  trioxymethylene  a^d  aluminum  chloride  has  been  made. 

The  conditions  of  experiment  were  practically  the  same*  as  those 
scribed  by  Frankfbrter  and  Kokatnur  (see  Experimental  Part).    Fi 
tlie  resulting  mixture,  besides  some  unchanged  xylene  and  a  little  tolw 
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tliree  compounds  were  isolated.  The  first  of  these  was  obtained  in  part 
by  filtering  the  ether  extract,  and  in  part  from  the  high  boiling  fraction 
of  tbe  same.  It  is  a  yellow  crystalline  powder  melting  at  204-205  ^,  which 
was  proven  by  analysis  and  molecular  weight  determination  to  have  the 
formula  Culiio.  It  is  doubtless  one  of  the  preceding  three  possible  tetra- 
nudear  compounds. 

A  glance  at  the  following  figures  will  show  that  simple  analysis  is  not 
sufficient  to  fix  the  formula. 

Calculated  for  tetramethyl  anthracene,  CuHis:  C,  92.26%;  H,  7.74%. 
Calculated  for  the  trinuclear  compound,  CmHso.*  C,  91.18%;  H,  8.82%. 
Calculated  for  the  tetranuclear  compound,  C»H4o:  C,  91.24%;  H,  8.76%. 

The  second  compound  formed  the  bulk  of  the  fraction  of  the  distillate 
from  the  ether  extract  which  came  over  between  200°  and  330°.  It  forms 
fine,  colorless  needles,  which  melt  at  60°  and  is  readily  purified  by  recrys- 
tallization  from  alcohol.  Analysis  and  molecular-weight  determination 
correspond  to  the  formula  C17H20.  The  compound  is  then  di- 
'^xylylmethane.  The  third  compotmd  distilled  at  a  higher  tempera- 
■tiire  than  the  dixylylmethane.  Its  melting  point  (157-158°)  and  solu- 
hbility  in  organic  solvents  lies  between  those  of  the  other  two  compounds. 
It  forms  clusters  of  very  fine  filaments  which  are  absolutely  colorless  and 
which  do  not  resemble  the  tetramethylanthracene  described  by  Anschutz^ 
in  any  way.  The  compound  is  probably  a  trinuclear  compound  having 
one  of  the  following  two  formulae: 


\ 


(H). 


CH, 
CH, 

-o 

CHa  CHf  CH| 

Unfortunately,  it  was  not  obtained  in  sufficient  quantity  for  analysis. 
Aside  from  the  fludrescence  of  the  ether  extract,  there  was  absolutely 
no  evidence  of  the  presence  of  tetramethylanthracene. 

It  is  of  interest  to  note  in  this  connection  that  some  of  the  experimental 
fdata  of  Prankforter  and  Kokatnur  may  be  interpreted  in  a  different 
way  than  they  interpreted  them. 

The  formtila  assigned  the  compotmd,  obtained  from  mesitylene,  which 
ffidts  at  286-287*^,  is  especially  doubtful. 

The  analysis  given  (C  89.6%,  H  8.45%)  agrees  more  closely  with  the 
calculated  percentages  of  the  trinuclear  compound 

Mii».,  335,  174  (1886).  •  * 
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than  with  those  calculated  for  tetramethylanthracene. 

The  description  of  the  compound  shows  that  it  resembles  dosely  the 
tetranudear  compound  of  ^-xylene. 

If  the  methyl  groups  of  the  mesitylene  molecules  are  transfonned  by 
altuninum  chloride  in  such  a  way  that  they  form  the  central  ring  of  the 
anthracene  compound,  it  is  difficult  to  conceive  why  Jones  and  Dewar^ 
did  not  succeed  in  preparing  it  in  that  way. 

The  molecular  weight  of  the  compound  was  not  determined. 

Frankforter  and  Kokatniu*^  state  that  diphenylmethane  and  anthra- 
cene are  formed  in  equal  quantities  and  express  in  their  equation  the 
formation  of  a  molecule  of  each  of  these  from  one  molecule  of  trioxy* 
methylene.  In  short,  they  assume  that  the  molecule  of  trioxymethykne 
acts  as  such  and  not  as  formaldehyde,  although  they  admit  that  similar 
condensations  occiu*  with  hydrocarbons,  CHjO  and  HsSOi.  They  con- 
clude, since  diphenylmethane  does  not  3ddd  anthracene  when  treated; 
with  trioxymethylene  in  the  presence  of  aluminum  chloride,  that  tii* 
oxymethylene  does  not  act  in  the  presence  of  aluminum  chloride,  fibej 
formaldehyde  in  the  presence  of  sulfuric  add.  This  does  not  prove, 
however,  that  trioxymethylene  does  not  act  in  the  presence  of  aluminum 
chloride  like  formaldehyde  in  the  presence  of  aluminum  cUoridi. 
This  last  reaction  has  evidently  never  been  studied.  It  further  does 
not  prove  that  the  anthracene  derivatives  formed  in  certain  cases,  when 
benzene  derivatives  are  treated  with  trioxymethylene  in  the  presence  ot 
aluminum  chloride,  are  not  formed  as  the  result  of  the  decompositioD  of 
certain  intermediate  products  such  as  phenylformoL' 

Although  we  have  not  proven  that  the  formation  of  anthracene  is  due 
to  the  decomposition  of  an  intermediate  product,  we  have  proven  coih 
clusivdy  that  in  the  case  of  ^-xylene,  at  least,  diphenylmethane  derhi* 
tives,  and  anthracene  derivatives,  are  not  formed  in  equal  molecular  omoMitfs, 
as  the  equation  of  Frankforter  and  Kokatnur  requires.     We  have  further 

>  /.  Chem.  Soc.,  85,  219  (1904). 

»  Loc.  cit.,  p.  1533. 
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shown  the  possibility  of  forming  polynudear  compounds  which  contain 
as  high  as  four  benzene  rings  connected  by  methylene  groups.  This  points 
to  the  dissociation  of  trioxymethylene  into  formaldehyde.  It  may  be 
that  steric  hindrance  prevents  the  formation  of  an  anthracene  compound 
from  /^xylene,  since  the  second  connecting  group  must  enter  between  two 
groups  which  are  in  the  meta  position  to  each  other. 

Experimental. 

50  g.  of  /^-xylene  were  added  to  12  g.  of  trioxjrmethylene  and  the  mix- 
ture was  stirred  by  a  motor  for  one  hour.  During  this  time  20  g.  of 
anhydrous  aluminum  chloride  were  added  in  small  portions.  K  large 
amount  of  hydrochloric  acid  was  evolved.  The  temperature  was  care- 
fully noted  and  was  kept  at  approximately  45*^,  except  for  a  moment, 
when  it  reached  60°.  It  quickly  fell.  If  the  stirring  was  stopped  or  if 
the  aluminum  chloride  was  added  in  rather  large  amounts  a  vigorous  re- 
action would  immediately  commence.  The  color  was  first  red  but  finally 
became  reddish  brown.  The  mass  became  so  pasty  that  it  was  almost 
impossible  to  stir  it.  It  was  very  fluorescent.  After  it  had  stood  five 
days  at  about  o^  the  reaction  appeared  to  be  complete.  Ice  water  was 
added  to  decompose  the  aluminum  chloride  and  the  mixture  was  treated 
with  ether.  The  yellow  precipitate  was  filtered  off  by  suction  and  washed 
with  ether. 

Methylene  fcw-(di-f-xylylmethane),  C6H3(CH8)2CH2C6H2(CH8)iCH2- 
C«H2(CH3)2CH2C«Hs(CH3)2. — ^The  residue  was  air-dried  for  six  weeks, 
at  the  end  of  which  time  the  odor  of  formaldehyde  had  disappeared. 
The  resulting  yellowish  brown  powder  was  recrystaUized  eight  times  from 
benzene.  When  the  purified  compound  is  heated  to  196*^  it  begins  to 
darken.  It  melts  at  204-205*^  with  partial  decomposition.  It  is  readily 
soluble  in  benzene,  chloroform  and  carbon  tetrachloride,  slightly  soluble 
in  ether,  and  insolulile  in  alcohol.  With  benzene  it  forms  a  reddish 
brown,  slightly  fluorescent  solution.     Yield,  i .  8  g. 

The  molecular  weight  was  found  by  the  boiUng-point  method  to  be 
463:  theoretical,  460. 

Calc.  for  CmH4o:  C,  91  24%;  H,  8.76%.    Pound:  C.  90.69%;  H,  8.7%. 

Di-/)-xylylmethane,  CfiH3(CH8)2CH2C«H3(CH8)2.— The  fluorescent  ether 
extract  was  distilled,  two  fractions  being  saved.  The  first,  which  was 
collected  between  306°  and  319^,  was  redistilled  twice  when  most  of  it 
came  over  between  313-316*'.  On  standing  twenty-four  hours  it  solidi- 
fied. The  solid  is  very  soluble  in  benzene,  ether  and  chloroform.  It 
was  recrystaUized  repeatedly  from  alcohol  from  which  it  crystallizes  in 
long,  white  needles.  M.  p.  60-60 . 5  ®.  Yield,  4 . 2  g.  A  molecular-weight 
determination  by  the  boiling-point  method  gave  231;  theoretical,  224.3. 
Calc.  for  CirHfo:  C,  91.01%;  H,  8.99%.     Found:  C,  90.92%;  H,  8.95%. 
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The  second  fraction,  which  came  over  between  330''  and  340°  tended 
to  solidify  in  the  air  condenser.  A  carbon-like  residue  remained  in  the 
distilling  flask  together  with  a  Hght  green  fluorescent  solid.  This  nas 
extracted  with  chloroform  and  the  extract  added  to  the  distiOate.  On 
evaporation  of  the  solvent  a  precipitate  formed  which  was  readily  solu- 
ble in  benzene  and  chloroform,  quite  soluble  in  ether  and  rather  insdln- 
ble  in  alcohol.  It  was  recrystallized  from  a  mixture  of  benzene  and  alco- 
hol. It  tends  to  form  plate-like  clusters  of  poorly  formed  filaments  oq 
the  sides  of  the  beaker.  It  is  perfectly  colorless  and  does  not  show  the 
sUghtest  fluorescence  either  in  the  crystalline  form  or  in  solution.    M.  p. 

I57-I58^ 

Anschiltz^  prepared  1,4,5,8-tetramethylanthracene  from  ^xylene  and 
acetylene  tetrachloride  in  the  presence  of  aluminum  chloride.  It  shows 
yellowish  green  fluorescence  and  melts  at  about  280°.  It  is  evident 
that  our  compound  is  not  identical  with  this  tetramethylanthracene. 
Since  but  one  tetramethylanthracene  may  be  produced  from  ;^xylene,  it 
follows  that  our  compound  does  not  belong  to  that  class.  Since  its  proper- 
ties are  intermediate  between  those  of  di-/^-xylylmethane  and  methylene 
bi5-(di-/)-xylylmethane),  it  is  thought  to  be  a  trinudear  Compound, 
i.  e.,  ^-xylylmethyl  di-/>-xylylmethane.  The  yield  was  too  small  for  a 
molecular-weight  determination. 

The  mother  Uquor  was  evaporated  to  an  oil  which  failed  to  3rield  more 
of  the  crystalline  compotmd. 

In  a  second  experiment,  100  g.  of  /^-xylene,  12.5  g.  of  trioxymethykne 
and  25  g.  of  aluminum  chloride  were  mixed,  and  the  above  precautions 
were  observed;  the  temperature  rose  to  62**.  The  upper  portion  of  the 
mixture  tended  to  take  on  a  blue  fluorescence.  It  was  treated  with  ooM 
water,  and  then  with  ether.  A  much  larger  yield  of  the  tetranuckar 
compoimd  was  obtained  here  than  in  the  other  experiment  (8  g.).  This 
was  filtered  off  and  the  ether  extract  was  distilled.  The  first  fraction  came 
over  between  60**  and  150°  and  consisted  of  ether,  benzene,  tduene, 
and  unchanged  xylene.  The  second  fraction  was  collected  between  200' 
and  330°.  On  redistillation  most  of  it  passed  over  between  310**  and  316*. 
The  yield  of  di-^-xylylmethane  was  smaller  than  in  the  first  experiment 
(2.4  g.).  The  next  fraction  was  collected  between  330**  and  350**.  It 
yielded  an  oily  substance  together  with  a  small  amount  (0.2  g.)  of  the 
compound  which  melts  at  157-158*'.  A  fourth  fraction  was  collected 
between  350°  and  450  *'.  This  consisted  of  a  small  amount  of  a  semi- 
solid mixttu-e  of  an  oil  and  solid.  The  oil  was  removed  on  a  porous  plate 
and  the  solid  was  recrystallized  from  benzene  to  which  a  little  alcohol 
had  been  added.  It  was  identified  as  methylene- W5-(di-/>-xylylmethane). 
The  residue  in  the  flask  consisted  of  a  tarry  mass  with  considerable  carbon. 
*  Ann.,  235,  174. 


TRIOXYMSTHYUNE  IN  ALUIONUM  CHU>SIDS.  2399 

Sumnuuy; 

1.  It  has  been  shown  that  the  reaction  which  takes  place  when  /'-xylene 
is  treated  with  trioxymethylene  in  the  presence  of  anhydrous  aluxninum 
chloride  does  not  conform  with  the  equation  of  Prankforter  and  Kokatnur. 

2.  Three  new  compounds  resulting  from  the  above  reaction  have  been 
isolated  and  described.  The  molecular  formalae  of  two  of  these  have 
been  determined  and  structural  formulae  are  suggested. 

3.  It  has  been  shown  that  molecular- weight  determinations  are  essen- 
tial factors  in  determining  the  formulae  of  substances  of  the  t3rpes  de- 
scribed. 

4.  The  evidence  at  hand  would  seem  to  indicate  that  triox3nnethylene 
is  dissociated  into  formaldehyde,  and  tins  last  is  the  active  agent  in  the 
condensation  reactions. 

Sast  LAmaro,  Micb. 
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HTDROCARBONS  IN  THE  PRESENCE  OF 

ALXTMINnM  CHLORIDE. 

BT  O.  B.  PKAXKVOKniK  AHO  V.  KOKATMtJR.^ 

Received  August  24,  1915. 

Through  the  courtesy  of  the  editor,  we  have  just  received  a  copy  of 
a  paper  by  Huston  and  Ewing,  entitled  "The  Action  of  Trioxymethylene 
on  p-Xylene  in  Presence  of  Aluminum  Chloride,"  representing  a  line  of 
investigation  begun  by  us  and  on  which  we  are  working  at  the  present 
time.  As  the  paper  referred  to  expresses  doubt  as  to  the  conclusions 
drawn  in  our  preliminary  .work,^  we  feel  obliged  to  make  a  statement 
oonceming  our  work,  so  that  the  readers  of  the  Journai,,  who  are  too 
busily  engaged  in  their  own  chosen  field  to  become  thoroughly  familiar 
with  the  details  of  our  own,  may  grasp  the  general  outline  of  our  work 
and  the  relation  of  the  paper  by  Huston  and  Ewing  to  it. 

We  indicated  in  oiu*  preliminary  paper  our  intention  to  continue  the 
work  in  this  special  field.  We  were  therefore  somewhat  surprised  to 
'find  that  others  should  have  taken  up  this  work.  We  thought  we  made 
it  dear  that  we  intended  to  continue  our  work  with  other  hydrocarbons, 
as  we  have  done  and  are  doing  on  both  the  aliphatic  and  the  aromatic 
hydrocarbons.  We  were  even  more  surprised  at  some  of  their  conclu- 
sions. It  appears  that  they  question  all  our  work  on  benzene,  toluene, 
o-xylene,  etc.,  from  their  work  on  /^-xylene.  If  they  do,  it  would  be 
equivalent  to  questioning  the  formation  of  phthalic  anhydride  from 
^xylene,  because  it  is  not  so  formed  from  /^-xylene. 

We  wish  to  emphasize  the  fact  that  the  object  of  our  preliminary  paper 

^  An  explanation  of  our  former  paper  of  the  above  title. 
*  This  Journal,  36, 1529  (1914). 
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was:  First,  to  determine  whether  or  not  the  reactions  studied  by  Kiit- 
chevsky  and  one  of  us^  could  be  extended  to  other  aldehydes,  e.  g.,  tii- 
oxymethylene,  etc. ;  second,  to  determine  whether  or  not  trioxymethylaie 
derivatives  analogous  to  those  obtained  by  Grassie  and  Masseli,'  could 
be  prepared.    We  will  state  that  we  started  out  with  formaldehyde, 
but  soon  changed  to  trioxymethylene  because  it  seemed  more  intoest- 
ing  and  especially  because  it  was  more  convenient  to  work  with,  intending 
later  on,  if  it  seemed  desirable,  to  take  up  formaldehyde.    This  has  not 
yet  been  do^e  in  view  of  the  fact  that  we  were  unable  to  obtain  aoj 
of  the  oxy-compounds  of  trioxymethylene.     It  was  assumed,  therefore, 
that  formaldehyde  would  probably  form  the  same  compounds  as  trioxj- 
methylene.    We  have  nowhere  stated  that  trioxymethylene  does  not  act 
in  the  presence  of  aluminum  chloride  like  formaldehyde  in  the  presence 
^  of  aluminum  chloride  for  the  reason  that  we  have  not  as  yet  studied 

formaldehyde. 

That  benzene  and  trioxymethylene  in  the  presence  of  aluminum  dik>- 
ride  form  as  a  part  of  the  reaction  diphenylmethane  and  anthracene, 
there  can  be  no  doubt.  Inasmuch  as  these  two  compounds  were  the 
principal  ones  which  we  isolated,  we  believe  that  we  were  justified  in  a- 
pressing  their  formation  by  the  following  equation: 

4C«H.  +  (CHjO),  +  Aid,  = 

CH2(CeH6)2  +  C14H10  +  3H2O  +  AlCU  +  H, 
We  will  state  that  we  used  the  formula  (CH20)8  for  the  simple  reason 
that  we  used  trioxymethylene  and  not  formaldehyde.  Whether  or  not 
trioxymethylene  will  act  like  formaldehyde  has  nothing  to  do  with  the 
case. 

We  are  quite  as  positive  that  ditoluyl  methane  and  dimethylanthracene 
are  formed  from  toluene  and  trioxymethylene  in  the  presence  of  aluminum 
chloride. 

We  are  equally  confident  that  dixylylmethane  and  tetramethylanthia- 
cene  are  formed  from  o-xylene  and  trioxymethylene  in  the  presence  of 
aluminum  chloride.  As  already  stated,  we  did  not  determine  the  molec- 
ular weights  of  the  above  compounds  inasmuch  as  they  were  identified 
as  diphenylmethane  and  anthracene  derivatives.  Since  reading  Huston 
and  Ewing's  paper,  however,  we  have  made  a  molecular-weight  deter- 
mination of-  the  compound  which  we  designated  as  tetramethylanthra- 
cene  from  o-xylene,  a  compound  made  for  the  first  time  by  us.  We  found 
the  molecular  weight  to  be  219.  The  molecular  weight  of  tetramethyl- 
anthracene  is  234. 

Finally,  from  the  conclusions  drawn  above,  we  felt  justified  in  assuming 
that  mesitylene  would  form  an  anthracene  derivative,  although  we  were 

I  1  This  Journal,  36,  13 11  (1914)- 

*  Gas.,  28,  477. 
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not  able  to  positively  identify  it.  This  work  is  still  under  way.  It  was 
delayed  several  months  on  account  of  the  fact  that  we  were  forced  out 
of  the  old  laboratory  before  the  new  one  was  completed. 

linnmAvoua,  Mum. 


THE  ACTION  OF  TRIOXTMETHTLENE  ON  ^XYLENE  IN  THE 
PRESENCE  OF  ALUMINUM  CHLORIDE.    H. 

By  Ralph  C.  Huston  and  Dwiqbt  T.  Bwnr o. 
Received  September  6.  1915. 

The  editors  have  kindly  forwarded  us  a  copy  of  the  preceding  article 
by  Prankforter  and  Kokatnur.  In  order  that  the  position  taken  in  our 
first  paper  on  this  subject  may  be  more  clearly  defined  we  think  it  best 
to  call  attention  to  the  following  points: 

1.  It  was  not  our  purpose  in  taking  up  the  work  previously  described 
by  us  to  usurp  the  field  of  other  investigators.  The  work  was  taken  up 
in  connection  with  other  work  on  ^-xylene  which  is  being  carried  on 
in  this  laboratory.  The  results  appeared  to  us  to  be  worthy  of  publica- 
tion. 

2.  We  do  not  question  the  formation  of  diphenylmethane  and  anthra- 
cene derivatives  when  certain  hydrocarbons  are  treated  with  trioxy- 
methylene  and  aluminum  chloride,  but  we  have  reason  to  believe  that 
both  are  not  always  formed  in  appreciable  amounts. 

3.  We  do  not  believe  that  the  equation  of  Prankforter  and  Kokatnur 
can  be  justified  until  it  is  shown  by  experimental  data  that  diphenyl- 
methane and  anthracene  derivatives  are  formed  in  equal  molecular 
amounts.  The  fact  that  these  derivatives  are  the  principle  ones  isolated 
does  not  necessarily  justify  the  equation. 

4.  Recent  experiments  in  which  toluene,  trioxymethylene  and  aluminum 
chloride  were  used  have  led  us  to  suspect  that  the  relative  3delds  of  ditol- 
uylmethane  and  dimethylanthracene  depend  to  some  extent  upon  the 
temperature  of  the  reacting  mixture. 

5.  It  was  not  our  intention  to  give  the  impression  that  we  were  drawing 
conclusions  as  to  the  structute  of  the  compounds  described  by  Prankforter 
and  Kokatntu"  from  our  work  on  ^-xylene.  We  simply  wished  to  point 
cmt  that  some  of  the  experimental  data  presented  by  them  might  be  in- 
terpreted in  a  diflFerent  way. 

6.  We  did  not  state  in  our  previous  paper  that  an  anthacene  compound 
can  not  be  formed  from  mesitylene.  It  was  shown  that  more  than  one 
interpretation  might  be  placed  on  the  data  given. 

Sast  Lahsoco,  Mich. 
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A  NEW  COLOR  REACTION  FOR  PAPAVERINE. 

Bt  L.  B.  WAuom. 
Received  August  7.  1915. 

In  a  study  of  the  piirity  of  commercial  specimens  of  several  of  the  opium 
alkaloids  or  their  salts,  a  color  reaction  for  papaverine  ferricyanide  was 
observed  which,  it  is  beUeved,  has  not  hitherto  been  described.  By  modi- 
fications the  test  may  be  made  to  apply  to  the  alkaloid,  papaverine,  or 
its  commonly  occurring  salts,  such  as  the  chloride  or  sulfate,  so  that  it 
seems  probable  that  the  reaction  may  prove  of  value  in  the  identification 
of  papaverine. 

Papaverine  is  one  of  the  minor  alkaloids  of  opium.  It  occurs  in  Smyrna 
opium  to  the  extent  of  about  0.8%,  and  in  opium  from  other  sources  in 
amounts  ranging  from  0.2  to  1%.  Papaverine  is  a  weak  base  and  is  much 
less  toxic  than  either  codeine,  morphine  or  thebaine.  Formerly  it  was  not 
used  in  medicine,  but,  owing  to  the  recent  pharmacological  and  clinical 
researches  of  Pal,^  Popper,^  Macht'  and  others,  it  has  attracted  some 
•attention  from  clinicians. 

Papaverine  is  distinguished  from  the  other  of  the  more  important  opiuin 
alkaloids  by  the  .very  sparing  solubility  of  its  ferricyanide  in  water  and  by 
the  deep  rose  color  which  is  slowly  developed  if  the  alkaloid  be  dissolved 
in  sulfuric  acid  which  contains  a  little  formaldehyde*  (Marquis'  reagent). 
A  number  of  color  reactions  for  papaverine  are  described  in  the  older 
literature,  but  it  has  been  shown  by  Pictet  and  Kramers*  that  most  of 
these  are  not  due  to  papaverine  but  to  cryptopine  which,  until  recently, 
^as  present  as  an  impurity  in  most  commercial  papaverine.  At  present, 
however,  commercial  supplies  of  papaverine  and  its  salts  contain  only 
traces  of  cryptopine. 

Papaverine  ferricyanide  was  first  described  by  Plugge.*  It  is  a  pale 
lemon  yellow  compound  which  may  be  obtained  as  an  amorphous  pre- 
<:ipitate  by  the  addition  with  agitation  of  freshly  prepared  potassium 
ferricyanide  solution  to  a  faintly  acidified,  moderately  dilute  solution  of  a 
papaverine  salt.  Occasionally  the  precipitate  separates  in  resin-like 
masses.  Prom  concentrated  solutions  narcotine  and  thebaine,  if  present, 
are  also  precipitated  as  pale  yellow  precipitates,  the  narcotine  salt  be- 
ooming  green  on  exposure  to  the  air.    In  dilutions  above  1-500,  papaverine 

'  Wiener  med.  Wochenschr.,  63,  1049  (19 13);  Med.  Times,  42,  218  (1914). 

*  Wiener  klin.  Wochenschr.,  27,  361  (19 14). 
'  J.  Am.  Med.  Assoc,  64,  1489  (1915). 

*  This  reagent  may  be  prepared  by  mixing  10  drops  of  37%  formaldehyde  s(rfut!on 
irith  10  cc.  of  sulfuric  acid.     It  should  not  be  used  if  more  than  a  week  or  two  old. 

*  Ber.,  43,  1329  (1910). 

*  Arch.  Pharm.,  235,  344  and  809  (1887). 
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alone  is  precipitated.  This  method  was  used  by  Plugge  for  the  separatioa 
of  papaverine  from  narcotine,  the  two  alkaloids  having  been  previously 
separated  from  thebaine  by  precipitation  by  a  concentrated  solution  of 
soditmi  acetate. 

The  writer  has  observed  that  if  the  precipitate  of  papaverine  f erricyanide,. 
obtained  as  above  described,  be  collected  on  a  filter,  washed  with  a  little 
water  and  a  small  particle  of  the  mass  dissolved  with  stirring  in  a  few 
drops  of  sulfuric  add  which  contains  a  httle  formaldehyde  solution,  a 
light  blue  color  is  produced  at  once;  after  a  few  minutes  the  color  changes 
to  bluish  violet  (sometimes  purplish  violet) ;  if  the  solution  be  not  further 
disturbed  it  becomes  green  at  the  edges  and  eventually  becomes  emerald 
green;  on  further  standing  the  color  fades  to  a  dirty,  brownish  yellow 
or  the  solution  may  become  nearly  colorless.  The  reaction  requires  about 
30  to  40  minutes  for  completion.  Good  results  are  obtained  if  about 
o.ooi  g.  of  the  dried  papaverine  ferricyanide  be  dissolved  in  about  o.i  cc. 
of  Marquis'  reagent.  The  reaction  does  not  occur  if  sulfuric  add  which 
does  not  contain  formaldehyde  be  used,  although  a  piuplish  color  may  be 
produced.  Hexamethylenamine  may  be  used  in  place  of  formaldehyde 
solution,  although  the  initial  color  is  somewhat  slow  in  appearing  and  may 
be  greenish  blue  rather  than  blue.  Other  reducing  agents,  such  as  formic 
add,  phenylhydrazine  hydrochloride,  sodium  sulfite  or  sodium  thiosuU 
fate,  if  used  in  place  of  formaldehyde,  do  not  give  the  reaction. 

The  test  was  applied  to  the  ferricyanides  of  several  of  the  alkaloids 
which  form  sparingly  soluble  ferricyanides.  The  cephaeline  and  emetine 
salts  gave  no  colors;  the  narcotine  salt  gave  a  fugitive  violet;  the  strychnine 
salt  gave  the  well-known  ''fading  piu-ple"  reaction.  In  the  last  two 
experiments  the  presence  of  formaldehyde  did  not  appear  to  have  any 
influence  in  the  reaction,  as  the  colors  were  given  by  the  alkaloidal  salts 
and  sulfuric  add  without  that  reagent. 

The  test  was  then  varied  by  mixing  finely  powdered  papaverine  alkaloid 
with  finely  powdered  potassium  ferricyanide  and  stirring  the  mixture 
with  Marquis'  reagent.  With  some  variations  the  succession  of  colors 
above  noted,  blue  (greenish  blue;  see  below),  violet,  green  and  brownish 
yellow,  was  produced,  and  the  deep  rose  color,  characteristic  of  papaverine 
with  Marquis'  reagent,  did  not  appear.  In  this  case  it  was  noted  that  the 
initial  color  was  a  faintly  greenish  blue  rather  than  a  pure  blue  and  in  some 
instances  the  emerald  green  stage  was  not  very  pronounced,  the  violet 
being  succeeded  by  the  brownish  yellow  color.  Potassium  ferrocyanide 
can  not  be  substituted^  for  the  ferricyanide  in  the  reaction. 

The  test  (alkaloid  +  potassium  ferricyanide  +  Marquis'  reagent) 
was  then  applied  to  a  considerable  number  of  alkaloids  or  their  salts.  In 
most  cases  either  no  color  was  produced  or  the  color  was  not  different 
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from  the  control  in  which  no  potasssium  ferricyanide  was  used.    The 

substances  studied  were: 

Aconitine,  apomorphine  hydrochloride,  atropine  sulfate,  berberine  hydrodiloriikv 
beta-eucaine  lactate,  bnicine,  caffeine,  cephaeline  hydrochloride,  ctncfaonidinf,  ask- 
chonine,  cocaine  hydrochloride,  codeine,  colchicine,  coniine  hydrobromide,  diooiiie, 
emetine  hydrochloride,  mixed  alkaloids  from  gelsemium,  heroine,  homatropine  hydro- 
bromide,  hydrastine,  morphine,  narceine,  nicotine,  novocaine,  ph3^sostigmine  sulfate, 
pilocarpin  hydrochloride,  pseudomorphine,  pyridine,  quinine,  gflfigiiitmriii^  mtratc; 
solanine,  sparteine  sulfate,  strychnine,  thebaine,  theobromine,  and  the  mixed  aiiraLM<h 
from  veratrum. 

None  of  the  alkaloids  tried  except  berberine,  brucine,  colchicine,  hy- 
drastine and  physostigmine  gave  reactions  differing  markedly  from  the 
controls.  Berberine  gave  a  chocolate  brown  color,  the  control  being 
lemon  yellow;  brucine,  an  orange-red  color  with  colorless  control;  col- 
chicine a  reddish  brown  color  with  yellow  control;  hydrastine  a  brownie 
red  color  with  colorless  control;  and  physostigmine  a  pale,  brownish 
yellow  color  with  colorless  control.  No  attempt  was  made  to  determioe 
whether  the  color  reactions  noted  with  the  last  named  alkaloids  had  been 
previously  described  or  whether  they  were  characteristic.  In  no  case  was 
there  a  duplication  or  simulation  of  the  reaction  with  papaverine  noted 
earlier  in  this  paper. 

The  experiment  with  papaverine  was  then  varied  by  substituting  various 
oxidizing  agents,  such  as  ammonium  vanadate,  manganese  dioxide,  po- 
tassium permanganate,  selenious  acid,  etc.,  for  the  potassium  ferricyanide, 
in  each  case  a  very  small  quantity  of  the  finely  powdered  reagent  being 
well  mixed  with  the  finely  powdered  alkaloid  and  the  mixture  thoroughly 
stirred  into  a  few  drops  of  Marquis'  reagent.  Color  reactions  were  given 
with  a  considerable  number  of  the  reagents  tried,  the  colors  in  general 
being  about  the  same  as  with  potassium  ferricyanide,  with  some  individual 
variations  in  shade.  Reactions  were  given  by  ammonium  vanadate, 
ceriimi  oxide,  ferric  ammonium  sulfate,  ferric  chloride  (solid),  lead  per- 
oxide, manganese  dioxide,  phosphomolybdic  acid,  potassitmi  bromate, 
potassium  chlorate,  potassium  dichromate,  potassium  iodate,  potasssium 
nitrate,  selenious  acid,  silver  nitrate,  sodimn  ortho-arsenate  and  uranium 
nitrate.  Of  these,  the  colors  produced  by  the  iron,  silver  and  uranium 
salts  were  not  very  satisfactory.  Bromates,  chlorates,  and  nitrates  were, 
in  general,  found  not  to  give  good  results,  as  the  oxidation  apparently 
was  carried  out  too  rapidly  to  give  a  satisfactory  play  of  colors.  Am- 
monium molybdate,  ammonium  persulfate,  magnesitmi  peroxide,  phos- 
photungstic  acid  or  mercuric  oxide  did  not  give  the  reaction.  Of  the 
oxidizing  reagents  tried  ammonium  vanadate,  ceHum  oxide,  potassium 
permanganate  and  selenious  acid  were,  perhaps,  as  satisfactory  as  any. 

One  of  the  most  striking  reactions  observed  was  obtained  by  nsisg 
potassium  permanganate  as  the  oxidizer.     A  very  small  crystal  of  the 
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salt  was  crushed  with  a  glass  rod,  about  0.0005  g-  o^  papaverine  intimately 
mixed  with  the  powder  and  the  mixture  stirred  into  about  0.2  cc.  of  Mar- 
quis* reagent.  A  green  color  appeared  which  almost  instantly  became 
blue.  This  deepened  into  an  intense  violet-blue  which  after  some  time 
became  bluish  greeUi  then  green  and  later  a  dirty  brown. 

Bach  of  the  alkaloids  to  which  the  test  had  been  applied,  using  potassium 
fenicyanide  as  the  oxidizing  agent,  was  then  tested  by  separately  em- 
ploying ammonium  vanadate  and  potassium  permanganate.  In  no  case 
was  there  a  dupUcation  of  the  papaverine  reaction,  although  codeine 
and  dionine  gave  colors  which  were  somewhat  confusing.  By  making 
comparisons  with  papaverine,  however,  distinct  diflFerences  were  ob- 
servable. 

After  the  work  recorded  above  had  been  completed  the  author  re- 
ceived from  Professor  John  Uri  Llpyd  a  specimen  of  an  unnamed  alkaloid 
(possibly  a  mixture  of  alkaloids)  which  Professor  Lloyd  had  separated 
from  sanguinaria.  The  author  also  prepared  the  alkaloidal  material 
according  to  the  directions  of  Professor  Lloyd  from  sanguinaria  extracts 
sent  by  him  for  the  purpose.  On  applying  the  papaverine  test  to  this 
alkaloidal  separate  it  was  found  that  with  certain  oxidizing  agents  the 
succession  of  colors  produced  was  somewhat  like  that  with  papaverine. 
Consequently  some  confusion  might  result  tmless  *comparison  tests  be 
carried  out  with  known  papaverine.  With  sodium  ortho-arsenate,  man- 
ganese dioxide,  potassium  dichromate  and  potassium  iodate  the  unnamed 
alkaloidal  substance  gave  an  intense  emerald  green  color  which  soon 
showed  bluish  streaks  and  faded  through  green  to  a  dirty,  yellowish  brown. 
With  the  same  reagents  papaverine  gave  a  momentary  greenish  blue 
which  passed  through  deep  blue,  violet-blue,  to  green  and  brownish 
yellow.  However,  if  selenious  acid  be  used  as  the  oxidizing  reagent 
the  initial  color  produced  by  the  unnamed  alkaloidal  separate  is  an  in- 
tense purplish  violet,  instead  of  a  fugitive  greenish  blue  which  becomes 
deep  blue,  as  with  papaverine.  The  unnamed  alkaloid  is  fmther  differ- 
entiated from  papaverine  by  its  solubility  in  ammonia  water,  the  com- 
paratively ready  solubility  of  its  ferricyanide  in  water,  and  by  the  purplish 
violet,  instead  of  a  deep  rose  color,  which  it  gives  with  Marquis*  reagent.* 

Although  the  number  of  alkaloids  to  which  the  newly  described  test 
was  applied  is  too  small  to  warrant  the  conclusion  that  the  reaction  de- 
scribed is  characteristic  for  papaverine,  yet  the  considerable  number 
tested  without  duplication  of  the  color  succession  leads  the  author  to 
believe  that  the  reaction  may  prove  of  value  in  the  identification  of  papa- 
verine. 

^At  the  request  of  Professor  Lloyd  the  properties  of  this  unnamed  alkaloidal 
separate  from  sanguinaria  are  being  further  investigated  and  the  results  will  be  reported 
in  a  separate  paper. 
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Sumiiuiry. 

1.  Very  few  characteristic  color  reactions  for  papaverine  are  knomi, 
the  most  satisfactory  being  the  deep  rose  produced  by  Marquis'  reagent 

2.  By  treating  papaverine  ferricyanide  with  Marquis'  reagent  a  Une 
color  is  produced  which  passes  through  violet  and  green  stages  to  a  dirty, 
brownish  yellow. 

3.  By  treating  a  mixttue  of  the  alkaloid,  papaverine,  and  potasshim 
ferricyanide  with  Marquis'  reagent  an  essentially  identical  reaction  is 
produced,  although  the  initial  color  is  generally  greenish  blue. 

4.  Many  other  oxidizing  agents  may  be  used  in  place  of  potassittm 
ferricyanide,  the  shades  of  color  produced  varying  somewhat  with  the 
reagent  employed, 

5.  The  reaction  is  best  observed  by  intimately  mixing  a  very  small 
quantity  of  papaverine  with  a  very  small  quantity  of  an  oxidizing  agent, 
such  as  cerium  oxide,  phosphomolybdic  add  or  potassium  permanganate, 
and  stirring  the  mixture  with  a  few  drops  of  sulfuric  acid  containing  a 
little  formaldehyde. 

6.  Of  thirty-nine  alkaloids  tested  but  one  (tmnamed  alkaloidal  separate 
from  sanguinaria)  gave  colors  which  in  any  way  simulated  the  reactioa 
with  papaverine. 

7.  By  using  selenious  add  as  the  oxidizing  agent  the  unnamed  sanguin- 
aria alkaloid  (or  alkaloids)  may  be  differentiated  readily  from  papaverine. 

The  thanks  of  the  author  are  due  to  Professor  John  Uri  Lloyd  for  speci- 
mens of  alkaloids  from  gelsemium,  tobacco,  sanguinaria  and  veratrum 
kindly  furnished  by  Professor  Lloyd  for  the  investigation.  Also  to  Dr. 
Willis  S.  Hilpert  for  verifying  some  of  the  reactions. 

Cricaoo,  Iix. 
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OF  HIPPURIC  ACm  WITH  THIOCYANATES, 

By  Trbat  B.  Johnson,  Akthur  J.  Hzli.  and  BsuiAitD  H.  BAiunr. 

Received  July  19.  1915. 

Hippuric  add  and  dry  ammoniimi  thiocyanate  interact  very  smoothly 
in  the  presence  of  acetic  anhydride  forming  2-thio-3-benzoylhydantoin* 
(I).  Potassium  thiocyanate  likewise  interacts  to  give  the  same  hydantoin, 
but  the  yield  is  about  50%  less  than  that  obtained  when  ammoniuin 
thiocyanate  is  used.^  Neither  ammonium  cyanate  nor  potassium  C3raxiate 
interact  with  hippuric  acid  under  similar  conditions  to  give  the  corre- 
sponding 3-benzoylhydantoin  (II). 

'  Johnson  and  Nicolet,  This  Journal,  33,  1973  (191 1). 

'  Johnson,  Am.  Chem,  /.,  49,  68  (1913);  Johnson  and  Nicolet,  Ihid,,  49,  197  (i9i3)- 
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NH  —  CO  NH  —  CO 


CS 


CO 


CJI»CO.N CH,  CaiiCO.N CH, 

(I).  (II). 

Brunner^  has  recently  investigated  the  behavior  of  potassium  cyanate 
and  potassium  thiocyanate  towards  acetic  anhydride  and  finds  that  both 
salts  interact  with  this  reagent  in  a  characteristic  manner  forming  di- 
acetamide  (CH8CO)2NH.  The  best  yield  of  this  compound  was  obtained 
by  employing  potassium  cyanate  and  appl3ring  the  reaction  at  ordinary 
temperature  in  ether.  Furthermore,  Brunner  showed  that  this  same  salt 
likewise  interacted  with  propionic,  butyric,  isobutyric  and  benzoic  an- 
hydrides forming  the  corresponding  diacylamides.  In  the  case  of  the 
potassium  thiocyanate  no  statement  is  made  regarding  any  transformations 
of  the  sulfur  atom  in  this  salt  during  the  treatment  with  the  anhydride. 
TTie  behavior  of  ammonium  thiocyanate  towards  acetic  anhydride  under 
similar  conditions  was  not  investigated. 

Since  the  publication  of  our  results  on  the  abnormal  behavior  of  potas- 
ium  thiocyanate  towards  hippuric  acid,  as  compared  to  that  of  the  am- 
monium salt,*  we  have  received,  by  correspondence  and  otherwise,  several 
suggestions  of  possible  explanations  for  this  unique  difference  in  reac- 
tivity. In  our  previous  paper  we  did  not  attempt  to  offer  an  explanation, 
and  stated  that  efforts  would  be  made  to  obtain  new  data  which  would 
enable  us  to  draw  a  more  definite  conclusion  as  to  the  mechanism  of  the 
reaction.  One  of  the  explanations  that  has  been  proposed  is  that  the 
anmionium  thiocyanate  undergoes  a  normal  rearrangement,  when  heated 
with  acetic  anhydride,  giving  primarily  thiourea,  which  then  interacts 
with  the  hippitfic  acid  forming  the  2-thiohydantoin  (I).  Such  a  condensa- 
tion might  be  ^pressed  as  follows:  There  are  three  ftmdamental  reasons 

NH,  COOH  NH  —  CO 

I  I 

SC  —  NH,  -h  -  CS  +  NH,  +  H,0 

I 
C«H»CONH  —  CH,  C«H,C0N CH, 

^hy  this  interpretation  is  not  tenable.  Firstly,  such  an  explanation 
i^ould  necessitate  the  conception  of  an  entirely  different  reaction-mechan- 
ism to  explain  the  formation  of  the  thiohydantoin  (I)  from  an  inorganic 
thiocyanate.  The  interpretation  of  this  interesting  transformation, 
which  we  have  already  proposed,'  is  of  general  application  and  is  based 
<>n  the  conception  that  thiocyanic  acid  is  formed  by  action  of  the  acetic 

» B«r.,  47,  2677  (1914). 

'Johnson  and  Nicolet,  Am.  Chem.  J.,  49,  197  (1913). 

'Johnson  and  Scott,  Tms  Journal,  35,  1136  (19 13). 
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anhydride  and  acetic  acid  on  the  thiocyanate.     Secondly,  ammoniiim 
thiocyanate  does  not  tmdergo  a  rearrangement  to  thiourea  when  wanned 
with  acetic  anhydride  and,  thirdly,  if  thiourea  was  actually  formed  uoder 
such  conditions  it  would  not  condense  with  hippuric  add,  but  intenu± 
immediately   with   the   acetic  anhydride   at  ioo°  giving  acetylthiourea, 
CHsCONHCSNHa.^    Kohmann^  has  recently  shown  that  thiourea  in-i 
teracts  with  acetic  anhydride,  in  the  presence  of  hippuric  add,  fonmD(; 
the  monoacyl  derivative  CHsCONHCSNHj.     He  obtained  no  evidencej 
of  the  formation  of  2-thio-3-benzoylhydantoin. 

We  have  investigated  very  carefully  the  behavior  of  acetic  anhydndei 
towards  ammonium  thiocyanate.  According  to  the  directions  gi^ea 
by  Nencki  and  Leppert^  and  Klason,^  acetylpersulfocyanic  add  is  formed.; 
Wenowfindthatif  these  two  reagents  (NH4SCN  and  (CH8CO)20)  areallowedi 
to  interact  for  a  shorter  time  and  at  a  slightly  higher  temperature,  an  ahj 
tirdy  different  result  is  obtained  and  isodithiocyanic  add  is  formed.  Aj 
description  of  this  interesting  reaction  is  given  in  the  experimental  paitj 
of  this  paper.  In  no  case  did  we  observe  the  formation  of  monoacetyt^j 
or  diacetylthiourea,*  CH,CONHCSNHCOCHt.  The  results  are  al^ 
in  accord  with  the  assumption  that  thiocyanic.add  is  first  formed  whe^ 
acetic  anhydride  and  acetic  add  interact  with  ammonium  thiocyanate.^ 

Another  suggestion  to  explain  the  difference  in  behavior  between  ashj 
monitmi  and  potassium  thiocyanates  is  that  ammonium  thiocsranalK 
first  interacts  with  acetic  anhydride  to  form  acetylpersulfocyanic  add,' 
which  then  combines  with  hippmic  add  to  form  the  hydantoin  (l).  W^ 
are  now  able  to  state  that  such  a  change  is  not  involved.  No  bc^M 
persulfocyanic  add  is  formed  imder  the  conditions  of  our  experimentSi^ 
Furthermore,  if  it  was  actually  formed  it  would  not  interact  with  hippurici 
add  to  form  the  thiohydantoin  (I).  Acetylpersulfocyanic  add  is  a  veiyi 
stable  substance  in  the  presence  of  acetic  anhydride  and  no  thiohydantoia 
(I)  was  formed  after  heating  this  compound  with  hippuric  add  in  acetic 
anhydride  solution  for  21  hotu^.  In  fact,  practically  all  of  the  acetyl- 
persulfocyanic add  used  was  recovered  unalt^ed  after  such  a  vigorous 
treatment. 

We  have  stated  above  that  Brunner*  observed  potassium  cyanate  ta 

interact  with  a  series  of  anhydrides  to  form  the  corresponding  diacidr 

amides.     In  the  light  of  this  interesting  observation  it  seemed  of  spedat 

Nencki,  Ber.,  6,  599,  905  (1872);  Pratorius,  J.  prakt.  Chem,,  [2]  azt  147  (1880). 

This  Journal,  37,  2130  (1915). 

Ber.»  6,  902  (1873). 

J.  prakt.  Chem.,  [2]  38,  368  (1888). 

Kohmann,  Loc.  cit. 

Johnson  and  Scott,  Loc.  cit. 

Nencki  and  Leppert,  Loc.  cit. ;  Klason,  Loc.  cit, 

Loc.  cit. 
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interest  to  us  to  determine  whether  other  anhydrides  besides  acetic  anhy- 
dride might  be  employed  to  effect  a  thiohydantoin  condensation  with 
hippuric  acid.  We  have  now  applied  the  reaction  with  propionic  and  ben- 
zoic anhydrides  and  obtained  with  both  reagents  the  thiohydantoin  (I). 
In  fact,  propionic  anhydride  is  just  as  efficient  in  producing  the  condensa- 
tion as  the  acetic  anhydride.  We  did  not  observe  the  formation  of  any 
propionylthiourea  CiHbCONHCSNHj.  On  the  other  hand,  when  ben- 
zoic anhydride  was  used  only  a  small  3deld  of  the  thiohydantoin  was  ob- 
tained, but  a  second  product  was  formed  which  proved  to  be  very  inter- 
esting. 

We  now  find  that  while  part  of  the  ammonium  salt  reacts  as  expected 
to  form  the  thiohydantoin  (I)  the  remainder  undergoes  a  normal  molecular 
rearrangement  into  thiourea,  which  then  interacts  with  the  benzoic  an- 
hydride giving  benzoylthiourea/  CeHjCONH.CSNHj.  In  fact,  fully 
50%  of  the  ammonimn  thiocyanate  undergoes  the  latter  transformation. 
This  interesting  change  is  not  due  to  the  catalytic  influence  of  the  hip- 
puric acid.  We  find  that  ammonium  thiocyanate  and  benzoic  anhydride 
interact  smoothly  at  ioo°,  giving  the  same  benzoylthiourea  as  is  obtained 
when  hippuric  acid  is  incorporated.  Therefore,  we  are  dealing  here  with 
a  normal  rearrangement  of  the  ammonium  thiocyanate  into  thiourea, 
which  then  undergoes  acylation,  forming  benzoylthiourea.  In  other 
words,  the  benzoic  anhydride  acts  catalyticaUy,  • 

So  far  as  the  writers  are  aware  no  one  has  hitherto  shown  that  am- 
monitmi  thiocyanate  can  be  rearranged  to  thiourea  below  100°.  It  is  a 
well-known  fact  that  ammonium  cyanate  will  change  to  urea  at  the  tem- 
perature of  boiling  water  but  Rejmolds*  has  shown  that  ammonium 
thiocyanate  remains  unchanged  when  subjected  to  such  a  treatment. 
He  was  the  first  to  show  that  a  rearrangement  is  produced  by  heating 
the  thiocyanate  at  170°.  In  fact,  Reynolds'  states  that  ammonium 
thiocyanate  changes  very  slowly  when  heated  at  its  melting  point  (148- 
149®)  and  gives  only  15.2%  of  its  weight  in  thiourea  after  heating  for 
40  minutes.  He  has  shown  experimentally  that  the  maximum  proportion 
formed  at  a  single  operation  is  only  24.76%  of  the  theoretical  and  that 
this  is  reached  after  heating  at  170**  for  about  45  minutes.  At  182® 
both  the  thiourea  and  ammonium  thiocyanate  begin  to  undergo  decompo- 
sition and  guanidine  thiocyanate  is  formed  with  evolution  of  ammonia 
and  hydrogen  sulfide. 

Dunstan  and  Mussell*  have  recently  reported  data  which  they  believe 

indicates  that  ammonium  thiocyanate  may  rearrange  to  thiourea  at  a 

temperature  below  the  melting  point  of  this  salt  (148-9°).    These  investi- 

»  Pike,  JBfef.,  6,  755,  1 107  (1873). 
'  Reynolds,  Ann.,  150,  334  (1869}. 
•  /.  Ckem.  Soc.,  83,  i  (1903). 
«  TWd.,  99,  567  (191 1). 
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gators  observed  that  this  salt  and  an  excess  of  aniline  interact  at  130^ 

forming  phenylthiourea,  C«HsNHCSNH3,  and  state,  in  their  paper,  dttt 

the  probable  cause  of  the  reaction  is  the  primary  formation  of  thioinm 

by  rearrangement,  which  then  reacts  with  the  aniline  giving  the  pi 

derivative.    Such  an  interpretation,  however,  is  not  in  accord  with 

known  facts.    Apparently  '  Dunstan  and  Mussell^  were  unaware 

Rathke  had  already  investigated  the  behavior  of  both  ammn«iiim 

cyanate  and  thiourea  towards  aniline  26  years  before  the  publicatx 

of  their  paper.    Rathke  wrote  as  follows:^ 

"Sodann  habe  ich  jetzt  beobachtet,  dass  eine  concentrirte  Ldsung  des 
lichen  Scfawefdhamstoffs  bdiebig  lange  mit  Anilin  gekodit  weiden  kann  oline< 
eine  Einwirkung  stattfindet,  wahrend  Rhodanammonium  in  gldcher  Wdse  bdiai 
mit  Leichtigkeit  grosse  Mengen  des  gewtinschten  Productes   (Phenylthi( 
Uefert." 

In  fact,  Rathke  gave  an  interpretation  of  the  mechanism  of  this 

formation  which  is  expressed  by  the  following  equation: 

N  H,  NH,  NH, 

II  II  I  I 

C     +     N.C.H,    — ►  C  :  N.CeH,      — >      CS  +  NH, 


H4N.S  H4N.S  NHCiH. 

In  other  words,  the  formation  of  the  phenylderivative  does  not  n< 
involve  thei  primary  rearrangement  of  the  thiocyanate. 

The  latest  contribution  on  this  interesting  problem  is  a  recent 
by  Sohn'  in  which  he  describes  the  remarkable  observation  that 
and  ammonium  thiocyanate  do  not  interact  in  boiling,  glacial  acetic 
solution  to  form  either  mono-phettyi  or  dt-phenylthioureas.    On  the 
hand,  diphenylurea  is  formed  quantitatively  with  evolution  of  h; 
sulfide.     The  acetic  acid  therefore  acts  caUUytically.    Urea  and 
likewise  interacted  in  acetic  add  solution  forming  the  same  substii 
urea.    Sohn  also  observed  that  the  two  reagents  (thiourea  and 
do  not  interact  in  the  presence  of  acetic  add  to  produce  phenylthii 
Acetanilide  only  was  formed  under  these  conditions.     In  other 
this  observation  is  in  accord  with  that  made  by  Rathke.^ 

In  the  case  of  this  imique  aniline-ammonium  thiocyanate 
the  evidence,  so  far  obtained,  therefore  indicates  that  we  are  dealing 
with  a  reaction-mechanism  which  does  not  involve  a  normal  nt 
rearrangement  of  the  thiocyanate.     We  consider  Rathke's  and  Sohn*! 
observations  of  importance  in  their  bearing  on  our  speculations^ 
the  mechanism  of  our  hydantoin  reaction. 

^  Loc.  cit. 

*  Ber„  18,  3105  (1885). 

*  Ibid.,  47,  243S  (1914)- 

*  Loc.  cit. 

*  Johnson  and  Scott,  Ibid. 
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The  reverse  change-r-CS-CNHOi  — ►  NH4SCN— is  brought  about 
by  heating  thiourea  with  water  at  140^  and  also  under  the  influence  of 
catalytic  agents.  Claus^  made  the  interesting  observation  several  years 
ago  that  thiourea  can  be  transformed  into  ammonium  thiocyanate  by 
satumtion  of  an  alcoholic  solution  of  the  urea  with  nitrous  oxide.  He 
found  urea  to  be  stable  under  similar  conditions.  Therefore^  both  ammo- 
nium thiocyanate  and  thiourea  are  susceptible  to  catalytic  influence  iptid 
their  interconversion  can  be  effected  below  loo^ 


Bensoic  axihydride  at  85-90*. 

NH«SCN  CS(NH«)t 


Nitrous  oxide  in  alcohol  at  80^. 

The  study  of  these  rearrangements  will  be  continued. 

We  have  now  investigated  further  the  behavior  of  inorganic  thiocyanates 
towards  hippuric  add  in  acetic  anhydride  solution.  Ten  different  salts 
have  been  examined,  namely,  the  four  thiocyanates  of  the  alkali  metitls 
NH4,  Li,  Na  and  K,  the  four  thiocyanates  of  the  alkali  earths  Mg,  Ca,  Sr 
and  Ba  and  finally  the  two  thiocyanates  of  Mn  and  Zn.  Every  one  of 
these  salts,  with  the  exception  of  zinc  thiocyanate,  interacted  normally 
with  hippuric  acid  with  formation  of  the  thiohydantoin  (I).  The  yields 
obtained,  however,  were  not  concordant.  No  salt  examined  reacted  to 
give  a  yield  of  thiohydantoin  (I)  anywhere  nearly  equivalent  to  that  ob- 
tained by  application  of  the  reaction  with  ammonium  thiocyanatie.  The 
only  combination  besides  the  ammonium  salt,  that  interacted  to  g;ive  a 
yield  of  thiohydantoin  greater  than  50%  of  the  theoretical,  was  mag- 
nesium thiocyanate.  The  yield  obtained  in  this  case  was  77%  of  theory 
while  the  yield  of  hydantoin  was  93.4%  when  ammonium  thiocyanate 
was  used.  The  results,  of  these  experiments  are  recorded  in  the  experi- 
mental part  of  this  paper. 

Experimental  Part 

AcetylpcrsuKocyanic  Acid,  C(S.COCH,)  =  N— S— CCS.COCH,)  =  N.— 

This  cyclic  compound  was  prepared  by  heating  ammonium  thiocyanate 
with  acetic  anhydride  according  to  the  directions  given  by  Nencki  aild 
Leppert*  and  also  by  Klason.^ 

Reactions  with  Hippuric  Acid  in  Presence  of  Acetic  Anhydride. 

Action  of  Acetylpersulfocyanic  Add. — ^Two  grams  of  hippuric  add 

(findy  pulverized)  and  2  g.  of  acetylpersulfocyanic  were  suspended  in 

a  mixture  of  9  cc.  of  acetic  anhydride  and  i  cc.  of  glacial  acetic  add,  and 

the  mixture  heated  for  i  hour  at  100^.    There  was  no  interaction  of  the 

>  Ann.,  179, 128  (1875). 
*Loc.ca. 
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cyidmc  acid  under  these  conditions.  Nine  cubic  centimetoB  of  acetic 
•anh3rdnde  were  then  added  and  the  heating  continued  fen:  20  hours  at 
100^.  The  liquid  was  then  cocded  and  filtered  when  we  recovered  1.7 
;g:  of  acetylpersulfocyanic  acid,  or  85.0%  of  the  original  amount  taken. 
The  acid  filtrate  was  poured  into  50  cc.  of  cold  water  and  the  solution 
evaporated  to  dryness.  We  obtained  a  semisolid  substance  which  dis- 
solved in  warm  sodium  hydroodde  solution.  After  filtering,  in  order  to 
separate  a  Uttle  gununy  material,  the  solution  was  acidified  with  hydro- 
chloric add.  A  crystalline  substance  deported  which  melted  at  121^. 
It  was  identified  as  benzoic  add.  Acetylpersulfocyanic  add,  therefore, 
does  not  interact  with  hipptuic  add  in  acetic  anhydride  solution  to  form 
2-thio-j'benzoylhydantotn.  ^ 

Action  of  PotasBJum  Cyanata  on  Aceturic  and  Hippuric  Adds. — ^It  has 
been  shown  that  the  monc^-potassium  salt  of  cyanic  add,  CsHiQsNiK, 
is  formed  by  the  action  of  dilute  acetic  add  on  potassium  cyanate.'  In 
order  to  determine  whether  a  hydantoin  would  result  by  interaction  of 
.cyanic  add  with  hippuric  add  in  acetic  anhydride  solution,  2  g.  of  hippuric 
add  and  2  g.  of  potassium  cyanate  were  suspended  in  a  mixture  of  9  cc. 
of  acetic  anhydride  and  i  cc.  of  glacial  acetic  acid  and  this  then  heated 
on  the  steam  bath.  There  was  an  immediate  reaction  on  heating  and 
a  clear,  yellow  solution  was  obtained  within  a  few  minutes.  On  continued 
heating  the  mixture;  assumed  an  orange  color  and  we  obtained  a  thin 
magma  of  colorless  crystalline  material.  After  warming  for  15  minutes 
the  reaction  product  was  poured  into  about  3  volumes  of  water,  when 
a  crystalline  product  separated.  This  crystallized  from  hot  water  in 
beautiful,  rhombic  prisms  which  did  not  mdt  at  300^.  It  did  not  contain 
potassium  and  was  hydrolyzed  by  hydrochloric  add  with  formation  of 
ammonium  chloride.  When  digested  with  strong,  hot  alkali,  ammox^ia 
was  evolved.  It  sublimed  when  heated  on  a  platinum  foiL  The  com- 
pound was  identified  as  cyanuric  add,  CsHiOsNs.  The  filtrate  above  was 
evaporated  and  the  residue  recrystallized  from  water.  Benzoic  add 
separated  and  mdted  at  121  ^.  We  obtained  no  evidence  of  the  formation 
of  3-benzoylhydantoin.  The  similar  behavior  was  observed  when  aceturic 
add  and  glycocoll  were  used  instead  of  hipptuic  add.  Cyantuic  add  was 
formed  in  both  cases.  We  did  not  obtain  3-acetylhydantoin  (m.  p.  148') 
which  has  previously  been  described  by  Harries  and  Wdss.'  It  is  of 
interest  to  note  here  that  Brunner*  did  not  observe  the  formation  of 
cyanuric  add  ^en  potassium  cyanate  was  allowed  to  interact  with  acetic 
anhydride  in  ether  solution. 

*  Johnson  and  Nicolet,  Tms  Joxtrnal,  33,  1973  (191 1). 

*  Richter's  "Organ.  Chem.,"  I.  512. 
»i4n».,  337,  355  (1903). 

*  Loc.  cit. 
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The  Actloa  of  Inorganic  Thiocyanatet  (R.SCN).    a-TUo-s-beniojl- 

NH  — CO 


hydantoini 


cs 


• — In  investigating  the  behavior  of  a  given 


C«H,CO.N 


CHt 


thiocyanate  towards  hippuric  acid  our  procedure  was  consistent  and  was  as 
foDows:  Two  grams  of  the  anhydrous  rhodanide  and  2  g.  of  hippuric 
add  were  suspended  in  a  mixture  of  9  cc.  of  acetic  anhydride  and  i  cc.  of 
glacial  acetic  add.  We  then  heated  the  mixture  on  the  steam  bath  for  one 
hour  (in  each  case)  and  poured  the  resulting  product  into  50  cc.  of  cold  water 
to  decompose  the  acetic  anhydride.  Whenever  the  thiohydantoin  was 
produced,  it  separated  after  potuing  into  water.  This  was  dried  and 
wdghed.  After  separation  of  the  thiohydantoin,  the  aqueous  solution  was 
then  evaporated  to  dr3mess  and  benzoic  add  separated  from  the  residue 
by  treatment  with  alkali.  Whenever  a  small  yidd  of  thiohydantoin  was 
obtained  we  found  a  corresponding  large  amount  of  benzoic  add  in  the 
filtrate.  This  resulted  from  hydrolysis  of  the  unaltered  hippuric  add  with 
alkali.  Ten  inorganic  salts  were  examined  and  the  results,  which  we 
obtained,  are  recorded  in  the  following  table: 

Tablb  I. 


siat. 


Weight  of 
UUohydaatoin  (g.). 


NH4SCN 2.3 

USCN i.i 

KaSCN o.T 

KSCN r.i 

Mg(SCN)t 1.9 

Ca(SCN)i 0.6 

Sr(6CN), J. 2 

Ba(SCN), 0.6 

Mn(SCN), i.o 

Zii(SCN), 


Peroentage  of 
theofy. 

93.4 
44-7 

•    •    • 

46.7 
77.2      ' 
0.24 

47.8 

0.24 
40.6 


Filtrate. 

•   •    •   • 

CeHiCOOH 
CiHiCOOH 
CeHiCOOH 

■   ■   • 

C«H»COOH 
COIiCOOH 
CeH»COOH 
CeH»COOH 
CeHsCOOH 


Ammonium  thiocyanate,  as  has  been  emphasized  in  a  previous  paper,  ^ 
reacts  to  give  the  maximum  yield  of  2-thio-3-benzoylhydantoin.  It  is 
also  an  interesting  fact  that  magnesium  thiocyanate  interacts  the  most 
smoothly  of  the  thiocyanates  of  the  alkali  earth  metals.  No  salt  examined, 
with  the  exception  of  magnesium  thiocyanate,  reacted  to  give  a  yidd  of 
the  thiohydantoin  greater  than  48%  of  the  theoretical.  No  hydantoin 
was  formed  when  zinc  thiocyanate  was  used. 

Action  of  Thiourea. — ^This  experiment  was  conducted  in  the  usual 
manner  by  warming  2  g.  of  thiotu'ea  and  hipptuic  add,  respectively,  with 
acetic  anhydride  and  a  small  amount  of  acetic  acid  for  i  ^otu*  at  100**. 
After  cooling  and  pouring  into  50  cc.  of  cold  water  no  thiohydantoin 
separated.  The  aqueous  solution  was  evaporated  to  100^,  when  we 
>  Johnson  and  Nicolet,  Loc.  cit. 
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obtemed  a  semi-solid  residue  which  dissolved  easily  in  ajsmall  vottune  of 
95%  alcohol.  On  cooling,  stout  prisms  separated  which  melted  at  i66-^*. 
This  substance  was  identified  as  acetylthiourea.  It  dissolved  in  dihite 
sodium  hydroxide  solution  and  was  precipitated  unaltered  by  addition 
of  hydrochloric  acid.    The  substance  gave  a  strong  test  for  sulfur.    The 

yidd  of  ptuified  material  was  1.3  g. 

Calc.  for  CiHeONjS:  N,  23.7.    Found:  N,  23.4. 

Action  of  a  Mixture  of  Ammonium  Thiocyanate  and  Thiouiea.— 

Two  grams  of  a  mixture,  containing  equal  parts  by  weight  of  amtnnnmm 

thiocyanate  and  thiourea,  and  2  g.  of  hippuric  acid  were  treated  in  the 

usual  manner  with  9  cc.  of  acetic  anhydride  and  i  cc.  of  glacial  acetic  add. 

After  heating  for  0.5  hour  the  resulting  fluid  was  then  poured  into  50  oCr 

of  cold    water,  when    0.9    g.    of    2-thio-3-benzoylhydantoin    separated. 

This  is  a  yield  of  8 1 .0%  of  the  theoretical.     It  crystallized  from  95%  alcohol 

in  prisms  and  melted  at  165°.  ^ 

After  filtering  off  the  thiohydantoin,  the  add  filtrate  was  eva] 

to  dryness  and  the  residue  triturated  with  a  small  volume  of  cold 

to  dissolve  ammonium  thiocyanate.    A  product  was.  obtained  here  wl 

was  insoluble  in  water.     This  crystallized  from  alcohol  in  prisms  wl 

melted  at  167^.    This  material  contained  sulfur  and  was  identified 

acetylthiourea.    A  mixture  of  this  substance  with  some  acetylthi< 

melted  at  the  same  temperature.    The  yield  was  0.9  g.     A  th< 

yield  would  have  been  1.5  grams.  ^ 

Action  of  Ammonium  Thiocjranate  on  Hippuric  Acid  in  Propioiik  Aiihf^ 

dride  Solution.  j 

In  this  experiment  the  following  proportions  were  used:  2  g.  <rf  th| 
thiocyanate,  2  g.  of  hippuric  acid  and  10  cc.  of  pure  distilled  profMOon 
anhydride.  On  heating  the  mixttu-e  at  100°  the  hippuric  add  dissohm 
at  once  and  the  solution  assumed  a  yellow  color,  which  finally  de^ 
into  a  deep  red.  After  one  hour's  treatment  the  solution  was  then 
into  50  cc.  of  water  when  the  2-thio-3-benzoylhydantoin  separated, 
yidd  of  crude  hydantoin  was  2.4  g.  It  crystallized  from  alcohol  in 
which  mdted  at  165^.  In  other  words  the  thiohydantoin  was  f< 
just  as  smoothly  in  the  presence  of  propionic  anhydride  as  when 
anhydride  was  used. 

The  Action  of  Potassium  Thiocyanate* 

An  attempt  to  prepare  the  thiohydantoin  by  the  action  of  potassiooi 
thiocyanate  on  hippuric  add  in  propionic  anhydride  solution  was  an* 
successful.  On  pouring  the  reaction  mixture  into  water  only  a  gum  w«»l 
obtained.  This  refused  to  crystallize,  and  on  trittu^tion  with  albJlT 
gave  a  small  dmount  (0.5  gram)  of  benzoic  add. 

The  Action  of  Benzoic  Anhydride  on  Anunonium  Thioc]ranate. 

Two  grams  of  the  thiocyanate  and  the  same  quantity  of  benzoic  anhy- 
dride were  heated  together  for  an  hotu*  on  the  steam  bath  (temperature 
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of  solution  85-90^).    The  anhydride,  on  melting,  dissolved  the  thio- 

cyanate  fonning  a  Ught  yellow  solution  without  evcdution  of  hydrogen 

sulfide.    On  pouring  the  resulting  mixture  into  50  cc.  of  water  a  yellow, 

crystalline  substance  separated.    This  was  separated  by  filtration  and 

triturated  with  a  small  volume  of  dilute,  aqueous  ammonia  when  only 

part  of  the  material  dissolved.    The  insoluble  material  (0.6  g.)  contained 

sulfur  and  crystallized  from  hot  water  in  prisms  which  melted  at  176^. 

This  substance  was  identified  as  benzoylthiourea.    A  mixture  of  this 

product  with  some  benzoylthiourea^  melted  at  the  same  temperature. 

The  ammoniacal  solution  was  acidified  with  hydrochloric  add  when 

benzoic  add  separated.    This  melted  at  121°. 

The  Action  of  Benzoic  Anhydride  on  Ammonium  Thiocyanate  in  the 

Presence  ol  Hippuric  Acid. 

The  following  proportions  were  used  in  this  experiment:  10  g.  of  ben- 
zoic anhydride,  2  g.  of  hipptuic  acid  and  2  g.  of  dxy  ammonium  thio- 
cyanate. The  three  substances  were  thoroughly  mixed  and  then  heated 
m  a  water  bath  at  100°.  The  nuxtuic  completdy  Uc^^uefied,  giving  a  clear 
solution  which  became  red  on  prolonged  heating.  A  slight  effervescence 
was  also  observed  and  benzoic  add  sublimed  from  the  solution.  After 
heating  for  i  hour  the  mixture  was  poured  into  50  cc.  of  water  when  a 
semi-solid  substance  separated  (filtrate  was  saved).  This  was  dark  red 
in  color  and  dissolved  in  ether  with  the  exception  of  a  very  small  amount 
of  material  whidi  was  not  examined  further.  After  evaporation  of  tlie 
ether  the  residue  was  then  triturated  with  dilute  aqueous  ammonia  when 
Qoly  part  of  the  material  dissolved.  This  contained  sulfur  and  crystallized 
from  water  in  small  prisms  which  mdted  at  176°.  It  was  identified  as 
benzoylthiourea.    The  yidd  was  i.o  g. 

The  ammoniacal  solution  was  addified  with  hydrochloric  add,  when 
benzoic  add,  mdting  at  121  ^  separated.  The  filtrate  mentioned  above 
was  evaporated  to  dryness  and  the  residue  was  oystallized  from  water. 
The  only  substances  isolated  in  a  state  of  purity  were  ammonium  thio- 
cyanate and  benzoic  add.  We  obtained  here  0.7  g.  of  this  add.  We  did 
not  obtain  evidence  of  the  formation  of  any  2-thio-3-benzoyl  hydantoin.* 

The  Fomatten  of  Isodifliiecyaaic  Aeid  hj  the  Action  of  Acetic  Anligr* 

dride  on  Dry  Ammonium  Thiocyanate. 

Isodithiocyanic  Acid,    NH.CS.NH.CS. — ^Ten    grams    of    anunonium 

thiocyanate  (previously  dried  at  110°)  were  suspended  in  14  g.  of  acetic 
anhydride  in  an  8  oz.  flask.  The  latter  was  connected  with  a  return  con- 
denser and  the  mixture  protected  from  moisttu^  while  it  was  heated  on 
the  steam  bath.  There  was  an  immediate  reaction  on  heating  with 
solution  of  the  thiocyanate  and  constant  evolution  of  gaseous  products 

^Loc.cU. 

*  Johnson  and  Nicolet,  Loe.  cU, 
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among  which  hydrogen  sulfide  was  identified.  A  dear  solution  resulted. 
Within  two  or  three  minutes,  however,  this  commenced  to  become  quite 
turbid,  and  within  15  minutes  a  considerable  quantity  of  orange-colored 
material  had  deposited.  Heating  was  discontinued  at  the  end  of  3  hours 
and  the  reaction  mixttu^  allowed  to  stand  at  room  temperature  for  12 
hours.  The  orange-colored  product,  weighing  1.8  g.,  was  then  filtered 
off  and  the  anhydride  solution  concentrated  to  a  small  volume  and  poured 
into  cold  water.  After  standing  a  short  time  this  aqueous  solution  de- 
posited 0.5  g.  of  material  which  afterwards  proved  to  be  identical  with 
the  substance  which  separated  from  the  original  anhydride  solution. 
This  compound  was  quite  soluble  in  sodium  hydroxide  solution,  from 
which  it  was  precipitated  unchanged  by  dilute  hydrochloric  add.  It  was 
very  difficultly  soluble  in  cold  water,  but  somewhat  soluble  in  hot,  and 
separated  on  cooling  in  characteristic  yellow  balls.  It  was  more  soluble 
in  ethyl  and  amyl  alcohol  than  in  water.  A  cold,  aqueous  solution  of  the 
add  was  unaffected  by  addition  of  ferric  chloride  solution,  whUe  the  solu- 
tion on  warming  turned  brown.  When  heated  in  a  capillary  tube,  the 
substance  did  not  melt,  but  underwent  partial  decomposition  when  heated 
above  200^.  Nitrogen  and  sulfur  determinations  agreed  with  the  cal- 
culated values  for  the  isodithiocyanic  add.  For  the  purposes  of  identi- 
fication this  add  was  synthesized  in  accordance  with  given  directions.^ 
The  two  compounds  proved  to  be  identical  in  every  respect.  We  did 
not  obtain  any  evidence  of  the  formation  of  aoetylporsulf ocyanic  aetd  or 
acetyltiuoarea. 

Calc.  for  CiHiNsSi:  K,  2377;  S,  54.24.  Pound:  N,  25.88,  23.95;  S,  53.86. 
The  above  experiment  was  also  carried  out  under  somewhat  altered 
conditions.  The  heating  period  was  shortened  to  one  hour  and  the  re- 
action mixture  then  poured  into  cold  water.  A  granular  predpitate  formed 
immediately.  It  weighed  2.4  g.  and  proved  to  be  isodithiocyanic  add. 
The  yield,  therefore,  was  practically  the  same  as  in  the  first  experinxcnt. 

Ksw  HAvmr.  CoMM. 
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RStSEARCHES  ON  HTDAKTOINS.   ZXZV.   A  HEW  METHOD  Of 

SYNTHESIZING  GLYCOCYAMIDINE  COMPOUNDS,  AND 

THE  CONVERSION  OF  GLYCOCYAMIDINE 

INTO  ISOMERS  OF  CREATININE. 

By  Tbbat  B.  Johnson  and  Ben  H.  Nicolst. 
Receiyed  July  31,  1915. 

If  we  disregard  amidine  and  keto-enol  tautomensm,  there  are  only 
five   structurally   isomeric    monomethyl    derivatives    of  glycocyamidine 
(I)  theoretically  possible.    Three  of  these  are  nitrogen  substituted  com- 
1  Ann.,  X7g,  204  (1875). 
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pounds  represented  by  Formulas  III  (creatiniiie),  V  and  VI.  One  ia  a 
carbon  derivative  cnr  the  long  known  alacreatiiiine^  (IV),  and  the  last 
an  oxygen  derivative  corresponding  to  Formula  II.  All  five  isomex^ 
would  be  basic  compounds.  Previous  to  1904  only  two  of  these  isoamcs 
had  been  described,  namely,  creatinine   (III)  and  alacneatinine  (IV). 

NH  -•  CO  N -—COCHi 


HN 


HN  :  C 


NH  — CH, 

(I). 

NH  — CO 


NH  — CH, 

(II). 
NH  —  CO 


HN  -  C 

I 
CHiN 


HN  :  C 


CH, 


(III). 
NH  — CO 


NH  —  CHCH, 
(IV). 

CH,N CO 


HN  :  C 


CHiN 


NH  —  CH,  NH  —  CH, 

(V).  CVI). 

During  this  year  Komddrfer,'  who  wori^ed  under  the  direction  of  B. 
Schmidt,  published  a  paper  entitled  ''Untersuchungen  fiber  das  0!yco<- 
cyamin  und  das  Glycocyamidin,"  in  which  he  described  the  bdiavidr  of 
glycocyamidine  towards  methyl  iodide.  He  observed  that  the  cyde 
underwent  alkylation  smoothly,  forming  the  hydriodic  add  salt  of  a  new 
base  to  which  he  assigned  Formula  V  and  named  it  a-methylglycocy- 
amidine.  Creatinine  (III)  was  represented  by  him  as  the  |8-derivatiV6, 
and  alacreatinine  (IV)  as  the  7-derivative  of  glycocyamidine.  The 
evidence  on  which  Komd5rfer  established  the  constitution  of  this  glyco- 
cyamidine derivative  was  the  fact  tiiat  it  underwent  hydrolysis  when 
heated  with  barium  hydroxide  solution,  with  formation  of  ammoiSda, 
methylamine,  glycocoll  and  hydantoic  acid.  The  reaction  may  be  ex- 
pressed as  follows: 
NH  — CO 

I 
aCHiN  :  C  4-  5H^  -  aCHiNH,  -H  CO,  +  NH,  +  NH,CH,COOH 

I  +  NH,CONH.CH,COOH 

NH  —  CH, 

Six  years  after  the  appearance  of  this  work  a  second  paper,  under  the 
same  titie,  was  published  by  M.  Schenck,'  in  which  this  investigator 

*  Ann,,  167,  83;  Ber.,  6,  1371  (1873). 

*  Archiv.  Pharm.,  242^  620  (1904). 
«/W.,  248,  376(1910). 
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refers  to  the  previous  work  of  Komddrfer^  on  a-methyl^oocyaimdiiK, 

and  calls  attention  to  the  fact  that  Formula  VI  could  be  assigned  to  ha 

alkylation  products  as  well  as  V,  since  both  compounds  wouM  give  the 

same  decomposition  products  on  hydrolysis  with  alkali.    Schendc,  tfacR> 

fore,  sought  to  determine  the  constitution  of  Komddrfer's  methyl^- 

cocyamidine  and  distinguish  between  the  two  modifications  (V)  and  (\1) 

by  oxidation  with  potassium  permanganate.     He  wrote  as  follows: 

"Bine  Entschcidung  swisdien  den  beiden  obigen  Ponndn  (V  and  VI)  kanni 
•icli  durcfa  die  Oxydation  mit  Kalhimpermanganat  treffen  laasen.  indem  di| 
Methylglykocyamidin  der  letzteren  Art  dasselbe  Methylguanidin  lidem  mfisti^ 
wie  das  Kreatinin,  wfihrend  ein  Methylglykocyamidin  der  KomdOrfer'scheii  FanBd| 
hierbei  das  bisher  unbekannte  Methylguanidine  (VIII)  ergeben  aolte/' 

NH,  NH. 


C  :  NH 


C  :  NCH. 


NHCH,  NH, 

(VII).  (vni). 

Schenck  oxidized  his  methylglycocyamidine  according  to  the 

used  by  Neubauer'  in  his  work  on  creatinine  and  obtained  a  ntetk^ 

dine,  which  proved  to  be  identical,  as  might  be  expected,  with  that  obt 

by  oxidation  of  creatinine,'  and  also  that  formed  by  addition  of  met 

amine  to  cyanamide.    Schenck  considered  this  result  sufficient  proof 

the  structure  of  the  methylglycocyamidine  and  concluded  as  folllows: 

"Dcnnach  muss  man  die  von  KomdOrfer  angenommene  <»-Ponn^  V  des  Mf 
glykocyamidins  aufgeben  and  die  Y-Ponnel  VI  annehmen." 

No  further  papers  were   contributed  on  this  subject  until  that  of 

Schmidt,^  entitled  ''Ueber  das  Ej^atinin/'  appeared  dming  the  same 

He  reviewed  the  work  of  Koniddrf er  and  Schenck,  emphasizing  the 

liificance  of  Schenck's  speculations,  and  stated  that  an   investigat 

dealing  with   the  synthesis   of   the  unknown   a-methylglycocys 

was  in  progress.    So  far  as  we  are  aware,  no  report  has  been  made  of 

work.    His  studeQts,  Kunze*  and  Henzerling,*  investigated  the  befaa^ 

of  creatinine  on  aklylation  and  obtained,  by  the  action  of  methyl  i( 

and  ethyl  iodide,  methyl-  and  ethylcreatinines  to  which  they 

Formulas  IX  and  X,  respectively.    They  state  that  both  com] 

tmderwent  oxidation  with  potassium  permanganate,  forming  symmet 

dimethylguanidinine  (XI)  and  5:vm-methylethylguanidine    (XII), 

tively. 

^  Loc.  cU, 

'  Ann.,  iXQ,  46  (1861). 

*  Neubauer,  loc.  cU. 

*  Archiv.  Pharm.,  248,  568  (1910). 
» Ibid.,  248,  578  (1910). 

*  Ibid.,  248,  604  (1910). 
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CHJ^  --  CO  CH»N  —  CO 


HN  :C 


HN  :  C 


CHiN  —  CH,  CHiN  —  CH, 

(IX).|  (X).| 

CH^H  COIiNH 

I  I 

HN  :  C  HN  :  C 


CHiNH  CHJNH 

(XI).  (XII). 

In  our  opinion,  Schenck's  procedtire  of  oxidizing  monoalkylated  gly- 
cocyamidines  with  potassium  permanganate  is  of  no  more  value  for  prov- 
ing the  constitution  of  such  compounds  than  that  employed  by  Komdorf er,  ^ 
namely,  hydrolysis  of  the  glycocyamidine  with  alkali.  We  have  avail- 
able no  means  of  deciding  positively  the  location  of  the  double  bond  in 
a  monoalkylated  guanidine  (VII)  or  (VIII)  or  a  sjrmmetrically  substi- 
tuted dialkylguanidine  (XI)  or  (XII).  Of  the  three  isomeric  methyl- 
^ycocyamidines  (III),  (V)  and  (VI),  all  would  undergo  oxidatiqn  with 
potassium  permanganate  with  formation  of  methylguanidine  (VII) 
or  (VIII),  while  creatinine  (III)  can  easily  be  distinguished  from  the 
isomers  (V)  and  (VI)  by  hydrolysis  with  alkaU.  It  is  converted  into 
sarcosine  while  the  isomers  (V)  and  (VI)  would  break  down  with  formation 
of  glycocoU  and  methylamine. 

Schenck'  later  realized  the  weakness  of  his  speculations  and  endeavored 
to  synthesize  tautomeric  modifications  of  mono-  and  dialkylated  guani- 
dines.  All  his  attempts,  however,  to  prepare  such  isomers,  as  might  be 
expected,  were  unsuccessful. 

We  have  now  developed  a  new  method  whereby  glycocyamidine  and  its 
alkylated  derivatives  can  be  prepared  very  easily.  We  find  that  such 
combinations  can  be  synthesized  by  the  action  of  amines  on  the  ethyl 
ester  of  benzoylpseudoethylthio-hydantoic  acid  (XIII).  The  latter  com- 
pound has  been  described  in  a  previous  paper'  from  this  laboratory, 
and  is  obtained  by  the  interaction  of  ethyl  aminoacetate  with  diethyl 
benzoylimidodithiocarbonate.  When  the  ester  is  allowed  to  interact 
with  an  amine,  mercaptan  is  evolved  and  a  substituted  guanidine  (XIV) 
is  formed.  This  then  condenses  to  form  a  glycocyamidine  with  loss  of 
a  molecule  of  alcohol.  Two  isomeric  glycocyamidines  (XV)  and  (XVI) 
can  theoretically  be  formed  in  such  a  change,  depending  on  which  nitrogen 

^  Loc.  cU. 

*  Z.  phystd.  Chem.,  77,  328  (1912);  Arch,  Pharm.,  249,  463  (191 1);  Chem,  Centr^ 
a»  1216  (191X). 

•  Wheeler,  Nicolet  and  Johnson,  Am,  Chem.  J.,  46,  456  (191 1).  ^ 
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of  the  guanidine  is  incorporated  in  the  ring.    Ammonia  reacted  accordnug 
to  the  foUowing  expression  to  form  2-benzoylglycocyamidine  (XV). 


C«HiCON 


SCja»  COOCtH, 

I 


-h  NH,  -  CASH  + 


NH  —  CHi 

(XIII). 


NH,    COOCJH* 


CACON 


NH CH, 

(XIV). 


\ 


NH 

I 
CHiCON  ;  C 


—  CO 


NH  — CH, 
(XV). 
CeHiCON CO 

I 
HN  :  C 


NH  — CH, 

(XVI). 


With  methylamine  we  obtained  the  guanidine  derivative  represent 
by  Formula  XVII,  which  then  underwent  a  molecular  condensation  wil 
formation  of  the  two  possible  glycocyamidines  (XVIII)  and  (XIX 
About  85%  of  the  guanidine  (XVTI)  condensed  to  form  i -methyl-: 
benzoylglycocyamidine  (XVIII),  while  the  remainder  was  transfocnM 

SCA 


CJIsCON 


C  —  NH.CH,COOCtH, 
(XIII). 


\ 


CHiNH       COOCtHi 


C«H,CON  :  C 


/ 


NH  — CH, 

(XVII). 


CHiN 

I 
CJBtiCON  :  C 


CO 


\ 

Cai»CON 


CO 


CH,N  :  C 


NH  — CH, 

(XVIII). 


\ 


NH  — CH, 

(XIX). 


i 


CH,N 


CO 


NH  — CO 


HN  :  C 


I 
CH,N  :  C 


NH  —  CH, 

(VI). 


NH  — CH, 

(V). 
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into  the  i-benzoyl-2-methylglycocyamidine  (XIX).  The  isomers  weare 
hydrdyzed  by  warming  with  hydrochloric  add  and  converted  into  the 
oonesponding  hydrochlorides  of  a*methyl-  and  7-methylglycocyamidines, 
represented  by  Formulas  VI  and  V,  respectively.  The  changes  may  be 
expressed  as  above. 

The  hydrochloride  of  a-methylglycocyamidine  (V)  was  not  isolated. 
A  description  of  the  hydrochloride  of  the  isomeric  glycocyamidine  (VI), 
which  was  identical  with  Komdorfer's  salt,  is  given  in  the  experimental 
part  of  this  paper. 

That  two  isomeric  methylglycocyamidines  (V)  and  (VI)  were  formed 
in  this  reaction  was  established  in  the  following  manner:  The  crude 
glycocyamidine  formed  by  hydrolysis  was  digested  with  benzaldehyde 
and  sodium  acetate,  in  acetic  add,  when  it  interacted  to  form  the  two 
benzal  derivatives  represented  by  Formulas  XX  and  XXI.  These  two 
compounds  are  characterized  by  their  difference  in  behavior  towards  alkali. 
The  glycocyamidine  (XX)  is  insoluble  in  dilute  alkali,  while  its  isomer 
(XXI)  is  an  add  ( — CO.NH —  grouping)  and  dissolves  at  once.  In  this 
manner,  therefore,  the  isomers  can  be  separated  easily  and  the  scduble 
form  (XXI)  obtained  in  a  pure  condition  by  predpitation  from  its  alkaline 
solution  with  acid.    The  relative  proportion  of  the  two  isomers  in  a  mix- 

CHjN CO  NH  — CO 


HN  :C 


CHtN  :C 


NH  — CH, 

(VI). 


i 


NH  — CH, 

(V). 


i 


CHU^ 


CO 


NH  —  CO 


HN  :  C 


CHJNf  :  C 


NH  —  C  :  CHCeH, 

(XX). 


y 


NH  —  C  :  CHCA 

(XXI), 


1. 1 


NH  — CO 

I 
CHiSC 


NH  — CO 


CHsNHfl 


CH,N  :  C 


N- 


C  ;  CHCJI, 


(XXII). 

NH  — CO 

I 

sc 

NH  —  CHj 
(XXIII). 


NH  — CHt 

(V). 


t 


CHtl 


NH  — CO 

I 
CH^C 

—  CH, 


N  — 
(XXIV). 


2422  TRSAT  B.  JOHNSON  AND  B8N  H.  NICOLBT. 

ture  can  be  determined  very  accurately  by  this  method.  That  the  ben- 
zalglycoc3ramidine  soluble  in  alkali  is  a  2-methyl  derivative  (XXI)  was 
established  by  its  synthesis  by  two  other  methods.  The  same  compound 
was-  obtained  by  heating  2-ethylmercapto-4-benzal-5-ketodihydroimid- 
azole^  (XXII)  with  methylamine,  and  also  from  2-thiohydantoin  (XXIII) 
in  the  following  manner :  This  was  first  converted  into  its  methylmercapto 
derivative  (XXIV)  by  alkylation  with  methyl  iodide  and  this  then  into  the 
2-methylglycoc3ramidine  (V)  by  heating  with  methylamine.  This  hitherto 
unknown  glycocyamidine  was  coildensed  with  benzaldehyde  when  the 
corresponding  benzal  derivative  (XXI)  was  obtained  in  good3deld  (55%). 

These  aldehyde  condensation  products  should  prove  to  be  of  general 
usefulness  to  biochemists  for  isolating  glycocyamidine  compounds  and 
determining  the  constitution  of  alkylation  products  of  this  t3rpe.  Hitherto, 
the  characteristic  derivatives,  which  have  been  of  service  for  the  isolation 
and  identification  of  such  compounds,  have  been  the  picrates  and  gold 
and  platinum  double  salts.  Some  give  characteristic  precipitates  with 
inorganic  salts  (ZnCU).  The  benzal  compounds  are  difficultly  soluble, 
possess  high  melting  points  and  are  very  stable  in  the  presence  of  dilute 
alkali.    The  study  of  glycocyamidine  compounds  will  be  continued. 

Kcperimental  Part. 

2-Benzoylglycocyamidine  (XV). — Ethyl  benzoylpseudoethylthiohydan- 
toate,«  CftHsCON  :  C(SQH6)NH.CHaCOOCH6,  was  dissolved  in  alcohol 
and  1.5  molecular  proportions  of  ammonia  in  aqueous  solution  added. 
Ethyl  mercaptan  was  evolved  slowly.  The  mixture  was  allowed  to  stand 
for  5  days  and  finally  heated  on  the  steam  bath  for  one-half  hour  to- 
complete  the  reaction.  After  concentration  of  the  solution  and  cooling, 
the  glycocyamidine  was  obtained  in  the  form  of  colorless  needles.  The 
compound  is  moderately  soluble  in  hot  alcohol  and  difficultly  soluble  in 
cold.  It  has  no  definite  melting  point  but  blackens  and  decomposes  when 
heated  to  230  °.    Analysis : 

Calc.  for  CioHvOsNi:  N,  20.6.     Found:  N,  20.38. 

The  Action  of  Methylamine  on  Ethyl  Benzoylpseudoethylthiohydan- 
toate  with  Formation  of  z-Methyl-2-benzoylglycocyamidine  (JLYUl) 
and  i-Benzoyl-2-methylglycocyainidine  (XIX). — ^The  ethylhydantoate 
was  covered  with  its  own  weight  of  alcohol,  and  somewhat  more  than  the 
calculated  amount  of  methylamine,  in  33%  aqueous  solution,  then  added. 
Ethyl  mercaptan  was  evolved  immediately  at  ordinary  temperature. 
The  mixtiu*e  was  allowed  to  stand  in  a  tightly  stoppered  flask  for  24  hours 
and  then  heated  to  boiling  for  one-half  hour.  On  cooling  the  glyco- 
cyamidine (XVIII)  separated  in  the  form  of  distorted .  needles  which 
melted  at  214°.      The  compound  was  readily  soluble  in  hot  alcohol,  mod- 

^  Johnson  and  Nicolet,  Tms  Journal,  34,  1048  (1912). 
'  Wheeler,  Nicolet  and  Johnson,  loc.  cU, 
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erately  soluble  in  cold  and  very  soluble  in  hot  water.    The  3rield  was  ez- 
ceUent,  being  about  85%  of  the  theoretical.     Analysis: 
Calc  for  CuHitOiNi:  N,  15.95.    Calc.  for  CnHnOiNs:  N,  19.30.    Pound:  N,  19.12. 

i-Ben2oyl-2-methylglycocyaniidine  (XIX)  was  also  a  product  of 
this  reaction,  but  it  was  not  isolated.  The  experimental  evidence,  which 
indicates  its  formation,  is  given  below. 

Hydrochloride  of  i-Methylglyco€yamidine  (VI). — ^The  i-methyl-2- 
benzoylglycocyamidine  (benzoylisocreatinine)  described  above  was  dis- 
solved in  alcohol  and  digested  for  8-10  hours  on  the  steam  bath  with  an 
excess  of  concentrated  hydrochloric  add.  The  solution  was  then  evapo- 
rated to  dryness  and  the  residue  triturated  with  a  small  amount  of  cold 
water.  This  dissolved  completely  the  glycocyamidine  hydrochloride  and 
left  behind  the  benzoic  acid.  After  filtering,  this  aqueous  solution  of  the 
hydrochloride  was  evaporated  to  dryness  and  the  salt  dissolved  in  the 
smallest  possible  vloume  of  95%  alcohol  and  this  solution  diluted  with 
ether.  The  hydrochloride  of  methylglycocyamidine  separated  at  once 
and  the  yield  corresponded  to  about  75%  of  the  calculated  amount.  The 
salt  crystallized  in  characteristic  granular  crystals.  When  heated  in  a 
capillary  tube,  the  salt  began  to  change  in  appearance  at  200^,  blackened 
badly  above  250**  and  at  about  283-285**  decomposed  with  strong  effer- 
vescence. It  is  very  soluble  in  hot  water  and  alcohol,  and  practically 
insoluble  in  ether.  It  is  easily  purified  by  dissolving  in  fresh  alcohol  and 
then  repredpitating  by  addition  of  ether. 

Calc.  for  C4HgON|Cl:  N,  28.0.     Found:  N,  27.60. 

This  salt  agreed  in  all  its  properties,  so  far  as  we  were  able  to  judge, 
with  that  described  by  Komdorfer,*  It  combined  with  picric  add, 
giving  an  insoluble  picrate,  which  separated  in  short  prisms  melting  at 
196°  when  heated  slowly.  Komdorfer  gives  193^  as  the  melting  point. 
The  chloraiu'ate  deposited  as  short,  yellow  prisms  which  mdted  at  166** 
with  slight  effervescence.  Komdorfer  gives  i68®  as  the  melting  point 
of  his  salt.  Our  salt  (HCl)  gave  in  aqueous  solution  the  same  color  re- 
actions, described  by  Komdorfer,  with  sodium  nitroprusside,  picric  acid 
and  Fehling's  solution. 

Condensation  of  Benzaldehyde  with  a  Mixture  of  i -Methylglycocy- 
amidine and  2-Methylglycocyamidine. — In  this  experiment  we  used  3  g. 
of  the  crude  hydrochloride  of  i -methylglycocyamidine,  which  was  pre- 
pared by  hydrolysis  of  the  corresponding  benzoyl  derivative  (XVIII) 
and  (XIX)  described  above.  The  crude  hydrochloride,  one  molecular 
proportion  of  benzaldehyde,  three  molecular  proportions  of  anhydrous 
sodium  acetate  and  20  cc.  of  glacial  acetic  add  were  heated  to  boiling, 
in  an  oil  bath,  for  one  hour.  After  cooling  and  diluting  with  water  3.35 
'  hoc.  cU. 
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g.  of  the  condensation  product  were  obtained.  This  reaction  product 
was  not  a  definite  substance,  although  after  crystallization  from  akobol 
it  melted  quite  sharply  at  219-220°.  When  it  was  triturated  with  cold 
.5%  sodium  hydroxide  solution  (it  is  necessary  that  this  alkali  be  kept  cold 
in  order  to  avoid  all  hydrolysis),  the  greater  part  remained  undissolved 
and  was  identified  as  i-methyl'4"benzalgly€ocyamidtne  (XX).  This  new 
compound  crystallizes  from  alcohol  in  flat,  orange-colored  prisms  wUck 
melt  at  246-247  °  with  violent  efiFervescence.  It  is  slightly  soluble  in  hdt 
water  and  insoluble  in  cold. 

Calc.  for  CiiHuONi:  N,  20.86.     Found:  N,  20.94. 

Mixed  with  this  hydantoin  there  was  always  obtained  a  small  amouni 
of  material  which  crystallized  from  alcohol  in  needles  melting  at  237- 
239°.  This  compound  also  was  insoluble  in  hot  5%  potassium  hydroxide 
solution.  It  contained  the  same  percentage  of  nitrogen  as  the  above 
benzal  derivative  (Foimd  :  N,  20.7).  Owing,  however,  to  the  extremelf 
small  quantity  obtained,  its  constitution  could  not  be  established,  bnt  il 
was  very  probably  a  stereoisomeric  modification  of  i-methyl-4-beiizal- 
glycocyamidine.  Such  a  relationship  would  be  expressed  by  the  foUowii^ 
formtdas: 

CHiN CO  CH,N CO 

I 


NH  :  C 


H  HN  :  C 


NH  —  C  :  C  NH  —  C  :  C 

I  I 

COI,  H 

That  combinations  of  this  type  (hydantoins)  can  exist  in  isomeric  forms 
already  been  shown  by  Johnson  and  Hadley^  and  also  Johnson  and  BatesJ 

The  soditun  hydroxide  solution  (see  above)  was  acidified  with 
acid,  when  a  crystalline  substance  separated  at  once.  This  was 
by  crystallization  from  alcohol  and  separated  as  needle-Uke  prisms, 
melted  at  223°  to  a  clear  oil.  It  was  identified  as  2'fnethyl'4'bemalglycxfi 
amidine  (see  below).  A  mixture  of  this  compound  with  its  isomer  mdti 
at  246-247°,  melted  at  210°.  In  other  words,  the  original  methylgly 
amidine  hydrochloride,  which  was  used  in  this  condensation  was  a  mixti 
of  two  salts,  namely,  i-meihylglycocyamidine  and  2-fnethylglycocyam3iM 
hydrochlorides.  The  chief  proportion  of  the  salt  was  the  i -methyl  deri^ 
tive.  I 

2-Methyl-4-benzalglycocyamidine  (ZXI). — For  the  purpose  of  identifi- 
cation this  glycocyamidine  derivative  was  synthesized  by  two  differait 
methods.      It    was    prepared    from    2-ethylmercapto-4-benzalhydantoii 

*  This  Journal,  37,  171  (1915). 
»/Wd.,  37,  383  (1915)- 
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as  follows :  The  hydantoin  was  dissolved  in  an  alcoholic  solution  of  methyl- 
amine  and  this  heated  in  a  bomb  tube.  After  heating  for  six  hours  at 
100°  there  was  no  odor  of  ethylmercaptan  and  the  xnercaptohydantoin 
was  recovered  unaltered.  Only  a  trace  of  ethylmercaptan  was  noticeable 
after  heating  again  for  3  hours  at  155-160^  When  heated  at  200°  mer- 
captan  was  not  only  evolved,  but  the  compound  had  apparently  under- 
gone complete  decomposition  and  no  definite  crystalline  substance  could 
be  isolated.  A  partial  change  of  the  mercaptohydantoin  into  the  2* 
methylamino  derivative  was  finally  effected  by  heating  for  36  hours  at 
I  DO**.  Under  these  conditions  about  one-fifth  of  the  mercapto  compotmd 
had  undergone  the  desired  change  and  the  benzalglycocyamidine  was 
obtained  in  the  form  of  needles  which  melted  at  222  *'.  The  substance 
was  readily  soluble  in  dilute  alkali  ( — CO.NH —  group)  and  was  reprecipi- 
tated  by  acids.  The  yield  was  poor.  A  mixture  of  this  material  with 
some  of  the  product  obtained  in  the  previous  experiment  (melting  at 
223®)  melted  at  221°.  They  were  apparently  identical  (Found:  N, 
20.4%). 

This  same  glycocyamidine  compound  was  also  obtained  in  the  following 
manner:  Three  grams  of  2-thiohydantoin^  were  alkylated  with  methyl- 
iodide  in  dilute  alcohol  solution  and  in  the  presence  of  alkali  and  converted 
into  the  corresponding  methyl-mercapto  derivative*  (XXIV).  The  re- 
sulting solution  was  then  concentrated  to  a  volume  of  about  20  cc.  and 
heated  for  6  hours  at  100 ^^  with  an  excess  of  methylamine.  Ethylmer- 
captan was  evolved  and  the  corresponding  2'fnethylglycocyamidtne  was 
formed.  The  reaction,  however,  is  not  a  smooth  one  and  we  always 
obtained  here  a  ptnple,  tarry  product  on  evaporating,  from  which  it  was 
practically  impossible  to  isolate  the  glycocyamidine.  Therefore,  in  order 
to  establish  its  presence  the  reaction  mixture  was  concentrated  as  much 
as  possible  by  heating  on  the  steam  bath  and  the  residue  dissolved  in 
glacial  acetic  add.  Approximately  the  required  amount  of  benzaldehyde 
and  an  excess  of  anhydrous  sodium  acetate  were  then  added  and  the  mix- 
ture boiled  for  3  hours.  On  pouring  this  mixture  into  water,  2-methyl- 
4-benzalglycocyamidine  separated  at  once.  The  yield  was  about  55% 
(rf  the  theoretical.  The  glycocyamidine  dissolved  completely  in  alkaline 
solutions  and  crystallized  from  alcohol  in  prismatic  crystals  which  melted 
at  223®.  This  melting  point  was  not  lowered  by  mixing  with  this  product 
some  of  the  glycocyamidine  obtained  by  the  action  of  methylamine  on 
2-ethylmercapto-4-benzalhydantoin. 

4-Benzal|^ycoc7amidine. — ^This  compound  has  previously   been    de- 
scribed by  Ruhemann  and  Stapleton.'    We  obtained  the  same  compound 

^  Johnson  and  Nicolet,  loc.  cit. 

•  Komatsu,  Memoirs  CoU,  Set.  and  Eng.  Kyoto  Univ.,  3,  7  (191 1). 

•  /.  Chem.  Soc.,  77,  239  (1900). 
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by  condensing  glycocyamidine  with  benzaldehyde  in  glacial  acetic  add 
and  in  the  presence  of  sodium  acetate.  It  was  purified  by  crystallizatioa 
from  alcohol  and  separated  as  a  crystalline  powder  which  melted  at  297°. 
Ruhemann  and  Stapleton  assigned  to  their  compound  a  melting  point  of 
295^.  This  compound  undergoes  alkylation  with  substitution  in  the  i- 
pOsition  of  the  ring.  It  reacted  with  methyl  iodide  in  the  presence  of 
potassium  hydroxide  forming  i-methyl-4-benzalglycocyamidine.  This 
was  insoluble  in  dilute  alkali  and  melted  at  246°.  We  obtained  no  evi- 
dence of  the  formation  of  2-methyl-4-benzalglycocyamidihe  melting  at 
223  ^ 

The  Molecular  Rearrangement  of  a-Methylglycocyamidine  into  i- 
Methylglycocyamidine. — ^Two  grams  of  2-thiohydantoin  were  alkylated 

NH  —  CO  CHjN CO 

AlkaU 

CHiN  :  C  — >-  HN  :  C 


NH  —  CHi 


NH  —  CH, 


with  methyl  iodide  and  converted  into  the  corresponding  2-methyl-mer- 
capto  derivative  (XXIV)  as  described  above.  The  mercapto  group  was  then 
removed  by  heating  with  methylamine  as  already  described.  After  the 
reaction  was  complete  the  solution  of  methylglycocyamidine  was  then 
concentrated  to  a  small  volume,  diluted  with  20  cc.  of  5%  potassium 
hydroxide  solution,  and  the  mixture  then  warmed  on  the  steam  bath  for 
10  minutes.  The  solution  was  then  made  strongly  add  with  an  excess  <A 
hydrochloric  add  and  finally  digested  on  the  steam  bath  for  8  hours. 
After  this  treatment,  the  solution  was  concentrated,  as  far  as  possible,  by 
heating  at  100  ^^  and  the  residue  then  condensed  with  benzaldehyde  by 
heating  in  glacial  acetic  add  solution  in  the  presence  of  sodium  acetate. 
On  pouring  into  water,  we  obtained,  as  usual,  the  condensation  product 
This  was  triturated  with  5%  potassium  hydroxide  solution  when  <^y 
about  30%  of  it  dissolved,  leaving  behind  a  crystalline  residue  which  was 
identified  as  i-methyl-4-benzalglycocyamidine.  It  melted  at  246^. 
When  the  alkaline  solution  was  acidified  with  hydrochloric  acid  the  iso- 
meric 2-methyl-4-benzalglycocyamidine  melting  at  222°  was  obtained. 
In  other  words,  2-methylglycocyamidine  undergoes  hydrolysis  with  alkali 
and  is  transformed  into  its  corresponding  glycocyamine.  This  is  dosed 
by  action  of  acid  forming  the  original  i -methylglycocyamidine  and  also 
some  2-methylglycocyamidine.  It  is  apparent  from  these  results  that, 
in  the  alkylation  of  glycocyamidines  in  the  presence  of  alkali,  different 
alkylation  products  can  be  formed,  depending  on  the  conditions  employed. 

« 

Nbw  Havbn.  Conn. 
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ON  THE  DIGESTIVE  ACTIVITT  AND  COMPOSITION  OF  DIF- 
FERENT FRACTIONS  OF  THE  PANCREAS.    I. 

Bt  J.  H.  LoNO,  Mart  Hull  and  H.  V.  Atkinsom. 
Recdred  July  31.  1915. 

In  a  recent  paper  by  one  of  us  and  Penger,^  it  was  shown  that  by  the 
aid  of  the  centrifuge  it  is  possible  to  effect  a  mechanical  separation  of 
minced  pancreas  tissue  in  such  a  manner  as  to  secure  three  layers  of  prod- 
ucts in  the  centrifuge  tubes  possessing  different  properties.  For  this 
purpose  we  have  employed  a  large  laboratory  centrifuge  made  by  the 
International  Instrument  Company  having  eight  tubes  holding  about 
75  cc.  each.  These,  or  usually  four  of  them,  have  been  filled  with  the 
finely  minced  pancreas  and  rotated  at  a  speed  running  up  to  3500  revolu- 
tions per  minute,  through  45  minutes.  The  ordinary  speed  was  about 
3000  revolutions,  because  at  the  highest  speed  there  is  too  great  an  eleva- 
tion of  temperature,  which  should  be  avoided. 

By  this  centrifugal  action  the  minced  mass  gradually  separates  into 
three  layers.  In  the  bottom  of  the  tube  we  have  an  excess  of  protein  sub- 
stance more  compact  than  the  original  minced  gland.  Above  it  there  is  a 
liquid  layer  which  is  distinct  and  nearly  clear.  Filtration  is  easy  and  the 
filtrate  is  perfectly  bright.  The  top  layer  is  composed  of  fat  and  a  smaller 
amount  of  protein  usually,  with  some  water  of  course,  as  the  separa- 
tion of  the  latter  is  never  complete.  How  far  this  might  be  effected  by 
a  higher  velocity  of  rotation  we  do  not  know,  but  doubtless  to  a  marked 
degree.  The  relative  weights  of  these  layers  varies  to  a  considerable 
extent  with  the  Speed  and  time  of  revolution,  but  in  the  majority  of  the 
mixed  glands  examined  by  us  the  lower  layer  made  up  50%,  or  more,  of 
the  whole.     In  some  cases  the  liquid  and  top  layers  were  about  25%  each. 

To  separate  these  three  layers  it  is  best  to  chill  the  tubes  and  con- 
tents. The  fatty  layer  may  then  be  removed  with  a  spatula  and  the  liquid 
layer  poured  off  through  a  filter  which  makes  it  perfectly  clear. 

Separate  examinations  were  made  of  the  three  layers,  the  results  of 
which  are  given  in  the  tables  below.  Most  of  the  figures  explain  them- 
selves, but  for  the  starch  digestion  this  must  be  said:  The  digesting 
power  is  measured  by  the  number  of  parts  of  starch,  employed  in  the  form 
^  ^  1%  paste,  which  may  be  digested  to  the  colorless  end  point  in  10 
minutes,  by  one  part  by  weight  of  the  ferment  mass.  Thus,  i  cc.  of  the 
liquid  in  Col.  B  of  the  first  table  will  digest  154  g.  of  starch,  calculated 
as  anhydrous,  to  the  point  where  it  will  give  no  reaction  with  iodine  after 
the  mixture  has  been  incubated  10  minutes  at  a  temperature  of  40°. 

In  the  fibrin  digestion  the  values  given  refer  to  the  number  of  milli- 
grams of  amino  nitrogen,  as  measured  by  the  formaldehyde  titration, 

'  This  JopRNAt,  37»  2213  (1915). 
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liberated  by  one  gram  or  cubic  centimeter  of  the  substance,  when  allowed 
to  act  on  an  excess  of  fibrin  and  incubated  through  18  hours  at  37°.  Tht 
niunbers  have  been  corrected  by  subtracting  the  results  of  blank  titrations 
where  killed  ferments  were  employed. 

No  attempts  were  made  to  compare  the  three  fractions  as  to  thdr 
lipase  activity,  but  qualitative  tests  showed  the  liquid  fractions  markedly 
active  in  esterase. 

In  such  centrifuge  fractionations  as  we  are  concerned  with  here,  scmiB 
variation  in  the  relative  quantities  of  the  layers  is  fotmd.  In  most  cases 
we  obtained  a  better  separation  from  the  beef  than  from  the  hog  or  shop 
pancreas.  With  pancreases  from  old  sheep  the  separation  seems  to  be  diffi- 
cult. In  the  tables  below  the  means  from  four  tests  on  hog  pancreas^j 
three  tests  on  beef  pancreas  and  from  a  nimiber  of  partial  tests  on  sh 
pancreas  ar;e  given.  In  this  last  case  the  numbers  are  therefore  somew! 
misleading.  The  letters  A,  B  and  C  at  the  top  of  the  columns  refer  to 
upper,  middle  and  lower  layers,  respectively. 

Tabls  I. 

Hog  pancreas  f imctions. 


Beef  pancreas  fractknu. 


Approx.  wt.,  %  of  whole  36.3 
Solids,  %  of  fraction —  49 . 3 

Fat,  %  of  fraction 34 .0 

Phosphorus,  %  of  fat . . .  0.27 
Phosphorus,  %  of  fraction  o .  37 
Nitrogen,  %  of  fraction      i .  49 

Ph 

F.  p.  depression 

Starch  digestion o .  44 

Fibrin  digestion,  amino  N  0.029 


B. 
17.2 
150 


0.46 
2.22 

5.541 
1.62** 

1.54 
0.017 


c. 

46.0 
31.2 

6.8 

0.27 

0.47 

3.42 


1.78 
0.036 


A. 

16.0 

60.0 

50.7 
0.26 

0.30 

1. 16 


B. 

23.4 

4 


II 


0.12 
0.016 


0.47 
1.87 

5.537 
1. 12 

0.82 

0.015 


C 
60.6 
29.6 

83 

0.27 

0.50 

2.9s 


0.49 
0.029 


Sheep  pancreas  fractioni. 


Approx.  wt.,  %  of  whole 3.2 

Solids,  %  of  fraction (90.0) 

Fat,  %  of  fraction (85 .0) 

Phosphorus,  %  of  fat 

Phosphorus,  %  of  fraction 

Nitrogen,  %  of  fraction o.  19 

Ph 

F.  p.  depression 

Starch  digestion i  :  0.08 

Fibrin  digestion,  amino  N 


B. 

12.5 
14.2 


0.40 
1.88 

5.7 
1. 13 
I  :  0.17 
0.013 


84 
26 

4 
o 

o 
3 


3 

4 

5 
29 

51 


0.25 
.019 


The  table  shows  some  points  of  interest.    With  equal  periods  of  rotatic 
ixh  the  centrifuge  it  is  evident  that  a  much  larger  weight  is  secured  in 
upper  fraction  in  the  case  of  the  hog  than  is  true  of  the  other 
But  the  sheep  pancreases  used  for  these  first  tests  were  from  old 
and  different  results  may  be  secured  in  later  tests  with  the  organs 
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younga*  animals.  Pat  is  found  in  both  the  upper  and  lower  layers,  but 
much  more  in  the  former.  The  phosphorus  content  of  all  the  fats  is  es- 
sentially the  same  and  suggests  a  uniform  composition.  The  amount 
is  always  low  and  this  shows  that  the  lipoid  fraction  present  can  not  be 
over  7  or  8%,  in  any  case,  of  the  weight  of  the  fat.  The  amount  of  phos- 
phorus in  the  common  distearyl  lecithin  is  about  3.9%.  It  should  be 
explained  here  that  in  all  cases  the  fatty  tissue  attached  to  the  pancreas 
was  trimmed  away  as  far  as  possible  before  grinding,  so  that  the  fat  found 
is  largely  that  in  the  organ  itsdf . 

It  is  plain  that  the  amylopsin  passes  to  a  great  extent  into  the  liquid 
fraction,  where  it  is  especially  abundant  in  the  case  of  the  hog.  The 
four  individual  test$,  pancreases  of  different  dates,  from  which  the  mean 
was  taken,  gave  the  values,  156,  180,  156  and  125,  and  even  these  do  not 
represent  the  maximum  digesting  power,  since,  as  is  well  known,  solutions 
of  the  ferment  in  question  rapidly  lose  digesting  activity  on  standing. 
The  value  125  was  obtained  from  a  liquid  which  had  stood  about  six 
hours  before  tests  could  be  made  with  it. 

This  starch  converting  ferment  is  low  in  the  fatty  layer  in  all  cases  and 
it  is  interesting  to  note  that  it  is  abundant  only  in  the  pancreas  of  the 
hog.    This  fact  is  practically  utilized  by  the  manufacturers  of  the  pan- 
creatins  of  the  market,  but  the  discrepancy  is  not  always  as  great  as  is  ' 
here  indicated. 

In  tr3rptic  power  the  fractions  aU  appear  low,  but  the  greatest  activity 
is  found  in  the  bottom  layer  in  all  cases,  and  the  lowest  in  the  liquid. 
This  is  doubtless  connected  with  the  fact  that  trypsin  tends  to  attach 
itself  to  proteins,  and  especially  to  suspended  proteins.  It  is  not  clear 
just  what  degree  of  activity  is  indicated  by  the  figures  presented.  The 
liberation  of  amino  nitrogen  has  evidently  not  gone  very  far  in  any  case. 
But  the  Uquid  fractions  were  always  tested  as  to  their  action  on  flakes  of 
fibrin  and  a  digesting  power  noted  in  every  instance.  All  of  these  tiyptic 
digestions  were  carried  out  in  a  phosphate  medium  of  which  Ph  =  7.73» 
which  is  but  slightly  alkaline  and  constant  in  reaction.  The  important 
point  in  this  coimection  is,  however,  that  through  crushing  of  thci  pancreas 
cells  the  trypsinogen  becomes  activated  by  the  coferment  present  in  the 
tissue  and  exhibits  its  power  at  once.  In  a  following  paper  more  attention 
will  be  given  to  the  extent  of  this  tryptic  action  and  also  to  the  behavior 
of  the  Hpase  and  esterase.  The  data  here  presented  must  be  looked  upon 
as  preliminary  to  the  discussion  of  the  ferments  in  the  fractions. 

Attention  must  be  called  to  the  importance  of  the  acid  reaction  found 

in  this  pancreas  fluid  of  the  third  fraction  in  all  the  animals.      The  data 

on  this  point  are  more  fully  presented  elsewhere*  but  it  must  be  noted 

that,  while  in  all  laboratory  digestions  with  amylopsin  and  trypsin  the 

*  Long  and  Fenger,  Loc,  cit. 
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preferable  reaction  for  activity  is  found  to  be  slightly  alkaline,  the  fimd 
itself  in  which  the  ferments  are  elaborated  is  distinctly  acid.  It  seems  to 
be  true,  in  addition,  that  the  stability  of  both  ferments  is  greatest  in  the 
presence  of  weak  add.  The  degree  of  acidity  of  the  fluid  was  found  to 
be  nearly  the  same  for  the  three  animals  investigated,  but  there  are  doubt- 
less fluctuations  here,  as  in  the  blood,  which  call  for  fuller  investigatioo 
later. 

Our  thanks  are  due  to  Dr.  Frederic  Penger  for  his  courtesy  in  aiding  ns 
in  securing  the  pancreases,  to  Mr.  William  Johnson  for  the  determinatioos 
of  the  starch-converting  power  and  to  Professor  A.  I.  Kendall  for  the  use 
of  the  centrifuge  of  the  bacteriological  laboratory. 

Conclusions. 

We  have  explained  the  method  of  separating  a  minced  organ  like  the 
pancreas  into  three  fractions  by  the  aid  of  a  powerful  centrifuge.  In  the 
case  of  the  pancreas  these  fractions  have  different  properties,  especially 
with  reference  to  the  distribution  and  amount  of  the  ferments  present 
The  general  composition  of  the  three  fractions  for  the  organ  of  the  hog, 
beef  and  sheep  is  given.  It  is  likely  that  the  method  can  be  applied  witk 
advantage  to  the  study  of  the  fluids  contained  in  other  tissues,  and  es- 
pecially  to  the  enzymes  present. 

Ckxcaoo.  IlX. 


[Harriman  Rbssarch  Laboratory,  Roosbvblt  Hospital,  Nbw  York  Crrr.] 

THE  NEPHELOMETRIC  ESTIMATION  OF  PURINE  BASES, 
INCLUDING  URIC  ACIDi  IN  URINE  AND  BLOOD.' 

By  Saka  Stowsll  Gkavss  amb  Pbiup  Aooi^k  Kobsr. 
RecdTed  July  10,  1915. 

Contents:  I.  Introduction,  II.  Method:  A.  Precipitant;  i.  Reagent,  2.  PioCee- 
tive  Colloid,  3.  Use  of  Precipitant,  B.  Separation  of  Uric  Add  from  Purine  Bua, 
III.  Directions,  IV.  Applications;  A.  Urine,  B.  Blood,  V.  Summary. 

I.  Introduction. 

The  estimation  of  ptirine  bases  with  the  exception  of  uric  add,  is  at 
present  a  long  and  often  inaccurate  process.  Recently  Folin*  and  col- 
laborators have  developed  a  colorimetric  reagent  for  tuic  acid,  wUck 
does  not  react  with  the  other  purines,  but  gives  reactions  with  phenob 
and  allied  substances.  To  circumvent  the  difSculty  they  predpitatedl 
the  uric  acid  with  Salkowski's  reagent  and,  after  washing  by  decantatioo,  | 
make  the  colorimetric  estimation.  This  method  is  sensitive  tosmall  amounts! 
of  tuic  acid  but  the  present  methods  for  determining  the  other  puriDe 
bases,  xanthine,  hypoxanthine,  adenine  and  guanine  require  such  htft 

'  Read  before  the  Am.  Soc.  Biol.  Chem.,  Dec.,  19 14,  St.  Louis,  Mo. 

*  Polin  and  Macallum,  /.  Bud.  Chem.,  13,  363  (1912);  Folin  and  Denis,  IhU.,  14 

95  (1913) 
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amounts  of  material  as  to  make  them  unsuitable  for  blood  analysis  and 
their  estimation  in  urine  consumes  the  better  part  of  two  days. 

While  developing  technic  for  the  determination  of  guanine  and  adenine 
in  the  study  of  nucleases  along  nephelometric  lines,  ^  it  was  found  possible 
to  estimate  both  uric  acid  and  other  purines  in  a  few  minutes.  The  re- 
quirements for  such  a  method  were  (i)  a  nephelometric  precipitant^  for 
these  substances  and  (2)  a  means  of  ehminating  either  uric  acid  or  the 
other  purines  from  reacting  with  this  precipitant. 

n.  Metibiod. 

A.  Precipitant. — ^The  reagents  used  now,  ammoniacal  silver  nitrate 
and  magnesium  mixture  in  Salkowski's  method,  and  cupric  sulfate  with 
sodium  hyposulfite  in  the  Kriiger-Schmidt  method,  have  heretofore  been 
considered  specific.  The  difficulties  of  these  methods  were  therefore 
not  in  the  precipitation  but  in  the  subsequent  isolation  or  analysis  of  the 
purine  bases  after  precipitation.  As  colors  are  developed  with  the  Kxiiger- 
Schmidt  reagents,  no  attempt  was  made  to  apply  them  nephelometrically, 
attention  being  confined  to  Salkowski's  reagent. 

(i)  Reagent. — Salkowski's  reagent  consists  of  equal  volumes  of  magnesia 
mixtiu'e  and  ammoniacal  silver  nitrate  (26.0  g.  in  i  liter  and  sufficient 
NHg  to  prevent  precipitation  of  AgO).  Ammoniacal  silver  nitrate  pre- 
cipitates the  purine  bases  as  a  white  silver  complex,  but  black  reduced 
silver  is  formed  with  uric  acid,  unless  chlorides  are  present. 

After  careful  study  of  pure  material,  uric  acid,'  xanthine,*  hypoxanthine,* 
guanine,^  and  adenine,'  separately  or  in  mixtures,  it  was  found  necessary 
to  modify  the  reagent  as  follows : 

(a)  The  concentration  of  the  silver  nitrate  was  reduced. 

(b)  Ammonium  chloride  alone  was  found  more  suitable  than  magnesium 
mixture. 

(c)  The  amount  of  ammonium  hydroxide  had  to  be  redetermined. 

In  100  cc.  of  reagent,  silver  nitrate  was  varied  from  10  to  50  cc,  mag- 
nesia piixture  from  0.5  to  50  cc.  (0.5  cc.  being  the  smallest  amount  which 
would  prevent  the  reduction  of  silver  upon  adding  uric  acid)  and  the  ex- 

*  Kober  and  Graves,  "Nephelometry  in  the  Study  of  Nucleases,"  This  Journal, 

36,  1304  (1914)- 

*  For  the  definition  of  "Nephelometric  Precipitant"  see  This  Journal,  35,  1585 

(1913). 

^  Kahlbaum's. 

*  Merck's. 

*  Prepared  in  this  laboratory  from  beef  extract. 

*  Prepared  in  this  laboratory  from  yeast  nucle'c  acid  according  to  Walter  Jones 
whose  directions,  given  in  his  "Monograph  on  Nucleic  Acids,"  were  found  complete 
in  every  respect,  and  very  satisfactory  results  were  obtained. 

'  Also  from  yeast  nucleic  acid  according  to  Jones.  We  received  from  Dr.  P.  A. 
Lcvene,  of  Rockefeller  Institute;  sufficient  adenine  picrate  to  make  our  preliminary 
experiments,  for  which  we  wish  to  express  our  thanks. 
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cess  of  ammonium  hydroxide  was  varied  from  2  to  12  cc.  It  was  foond 
that  the  tiric-add-silver  complex  was  somewhat  soluble  in  a  large  excess 
of  ammonia,  but  some  excess  was  necessary  to  prevent  the  formatioa 
of  any  insoluble  silver  chloride  and  to  allow  for  ammonia  evaporatioa 
while  making  the  readings.  The  difficulty  with  the  magnesia  mixture  was 
the  formation,  upon  standing  with  an  excess  of  ammonium  hydroxide,  of 
a  white  precipitate,  possibly  magnesium  hydroxide  and  silver  either  in 
combination  or  occluded,  which  interfered  with  the  work  unless  the 
solution  was  allowed  to  stand  over  night  and  filtered.  This  trouble  was 
obviated  by  using  ammonium  chloride,  only.  Ammonium  chloride 
solution  was  varied  from  i  to  8.  cc.  per  100  cc.  The  reagent  finally  adopted 
as  suitable  for  the  precipitation  of  purines  for  nephelometric  estimation 
consists  of : 

Fifty  cc.  of  ammoniacal  silver  nitrate  solution^  (26.0  g.  in  a  liter,  with 
sufficient  ammonium  hydroxide^26  to  27  cc.  s.  g.  0.90 — ^to  prevent  AgO 
from  settling  out). 

Eight  cc.  of  ammonium  chloride  solution  (containing  16.5  g.  in  100  cc). 

Sufficient  ammonium  hydroxide  to  redissolve  any  silver  chloride  formed, 
usually  9  cc.  of  s.  g.  0.90. 

An  excess  of  5  cc.  of  ammonium  hydroxide  of  s.  g.  0.90,  and  then  suffi- 
cient water  to  make  100  cc.  volume. 

This  reagent,  if  kept  in  well  stoppered  bottles,  keeps  indefinitely. 

(2)  Protective  Colloid. — ^While  the  reagent  was  being  worked  out  it 
was  found  that  suspensions  formed  with  dilute  solutions  of  the  purine 
bases  either  flocculated  at  once  (uric  acid  and  adenine),  or  in  vexy  few 
minutes  (xanthine,  hypoxanthine  and  guanine).  It  was  therefore  necessary 
to  find  a  medium  in  which  these  precipitates  remained  in  suspension 
long  enough  for  making  readings  (7  to  30  minutes).  In  other  words  a 
protective  colloid  was  sought  which  would  hold  the  substances  in  suspen- 
sion. After  trying  Witte*s  peptone,  gelatin,  soluble  starch  and  cpsein, 
egg  albumin  in  dilute  solution  was  fotmd  to  serve  the  purpose  satisfactorily. 

We  know  of  no  previous  work  in  which  protective  colloids  have  proved  an 
aid  rather  than  a  hindrance  in  quantitative  analysis. 

Albumin.^ — From  work  with  albumin,  as  a  precipitant  for  nucleic  acids, 
it  was  assumed  that  fresh  egg  white  would  have  the  strongest  protecti^'c 
action,  but  the  reverse  proved  true  and  after  experiments  with  eggs  of 
varying  age,  it  was  proven  that  albumin  from  eggs  several  months  old 
(cold-storage  eggs)  was  a  stronger  protective  colloid  than  albumin  from 
fresh  eggs.     That  old  eggs  have  a  stronger  protective  action  is  probably 

^  It  is  best  to  filter  the  ammoniacal  silver  nitrate  solution  before  using  from  traces 
of  reduced  silver  or  filter  the  reagent  finally. 

'  Commercially  dried  egg  albumins  were  dried  in.  a  few  experiments  but  seetned 
unsatisfactory. 
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due  to  the  action  of  ferments.  The  incubation  of  fresh  eggs  improved 
their  protective  action,  but  the  results  were  not  as  good  as  with  eggs  which 
liad  been  some  months  in  storage.  For  example,  fresh  egg  albumin  in 
the  form  of  a  2.0%  solution  kept  uric  acid  in  suspension  for  4-6  minutes, 
while  fresh  eggs  that  had  been  incubated  at  40°  for  4  days  were  efficient 
for  about  18  minutes,  and  storage  eggs  prevented  agglutination  for  more 
than  60  minutes.  Eggs  that  had  bee^  in  storage  for  a  number  of  weeks 
were  very  much  improved  by  three  to  four  days*  incubation.  Longer 
incubation  did  no  harm,  except  that  it  made  the  separation  of  the  yolk 
from  the  white  more  difficult.  Care  must  be  taken  to  keep  the  yolk  out 
of  the  albumin  to  be  used,  as  much  of  it  tends  to  produce  cloudy  solutions. 

The  isolation  and  purification  of  the  active  principle  in  egg  white  both 
for  this  purpose,  and  for  use  as  a  precipitant  with  nucleic  adds  would 
be  a  further  advantage  in  the  methods. 

A  weighed  amount  of  egg  white^  was  well  shaken  with  o.i  N  acetic 
add  (0.5  cc.  per  granuof  egg  white')  and  suffident  water  was  added  to 
make  a  2.0%  albumin  solution,  the  egg  white  being  calculated  as  contain- 
ing 10%  of  albumin.  The  solution  was  then  thoroughly  mixed  and  fil- 
tered until  dear. 

The  protective  action  of  this  albumin  solution  varied  with  particular 
purines  and  mixttu-es  of  purines.  Table  I  give  the  strength  of  albumin 
most  suitable  in  each  case  and  the  time  before  flocculation  takes  place. 

Tabi«e  I. 

Tim4 
Albunin. 
Substance.  %. 

Uric  add 2.0 

Xanthine 0.5 

Hypoxanthine 0.05 

Guanine 0.05 

Adenine 2.0 


Time  before 

flocculation. 

Min. 

Mixtures  of 
equal  parts  of 

Albumin. 
%. 

Time  before 

flocculation. 

Min. 

30+   • 

Xanthine 

15  + 
10 

Hypoxanthine 
Guanine 

'    0.0 

20+ 

20  4- 

Adenine 

■ 

8 

Xanthine 
Hypoxanthine     1 

[03 

30  + 

Adenine 
Guanine              I 

'    0.07 

30+ 

Ten  cc.  0.01%  solution  of  the  purine  bases  or  mixture  were  used  in  each 
instance,  with  the  exception,  of  adenine  sulfate,  which  in  that  strength 
gave  too  strong  a  precipitate  to  be  held  in  suspension  by  2.0%  albumin. 
Adenine  sulfate  standard  solutions  were  therefore  only  0.005%.  To  10  cc. 
of  the  solution  were  always  added  10  cc.  of  .the  correct  albumin  solution 
and  10  cc.  of  the  reagent.     It  is  to  be  noted  that  mixtures  as  a  rule  re- 

^  For  a  long  series  of  estimation,  it  is  best  to  take  ihe  whites  from  many  incubated 
.  eggs,  thoroughly  mix,  and  keep  in  an  ice  box  as  stock  solution.  In  this  way  the  albumin 
seems  to  keep  indefinitely. 

*  Prom  5  to  10%  excess  of  add  sometimes  gives  a  clearer  solution,  but  for  the 
purpose  of  this  method,  a  slight  cloud  in  the  albumin  is  of  no  consequence  as  long  as 
it  is  completely  soluble  in  a  little  ammonia. 
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quire  much  less  albumin  than  the  purine  bases  singly.  An  ideal  protective 
colloid  would  be  one  which  would  be  active  with  equal  efiSdency  with 
all  the  substances.  In  practical  work  this  inequality  does  not  cause 
much  difficulty,  as  one  uses  the  smallest  amount  of  colloid  necessary  for 
the  desired  protective  action.  Under  these  conditions  we  have  convinced 
otu^ves  that  precipitation  with  solutions  as  weak  as  0.0025%  ^  "^"^ 
nearly  quantitative.  Since  the  standard  is  treated  in  the  same  way,  any 
deficiency  in  this  direction  is  eliminated. 

Use  of  Precipitant. — ^To  determine  the  completeness  of  predpitatioo, 
of  each  purine  by  the  reagent,  nephelometric  readings  were  made,  usiiig 
solutions  of  different  strength,  varying  from  lo.o  to  5.0  mg.  per  100  cc 
The  standard  in  each  case  was  a  0.01%  solution^  (10  mg.  per  100  oc} 
of  the  substance  examined,  except  adenine,    which  was   one-half   that 
strength.    The  usual  care  was  taken  to  precipitate  the  standard  and 
"imknown"  tmder  the  same  conditions.     In  every  instance  10  cc  of  the 
ptuine  solution  with  10  cc.  of  albumin  of  suitable  strength  were  predpi* 
tated  with  10  cc.  of  reagent — ^prepared  according  to  the  preceding  direc-^ 
tions. 

The  readings  shown  in  Table  II  and  corresponding  etudes  were  obtained^ 

Table  II. 

Concentrations  in  mg«  per  100  oc 

10.0.       9.0.         8.0.        7.0.         6.0.       5.00. 
Substance.  Readingfs  in  millimeters. 

Uric  add  1 13.0  14. i  15.7  17.4  19.7  23.1 

Uric  acid  2 13.0  14.2  15.9  17.7  :o.2  23.2     Curve  Na  i 

Xanthine 12.0  12.8  14.2  16.0  18.0  22.0 

Hypozanthine 12. i  12.7  14.3  16.0  18. i  210 

Guanine  hydrochloride 12. i  12.7  14.3  16.3  18.9  21.8 

Mixtures  of  equal  parts  of 

Xanthine  and  hypoxanthine  I..  12.0  12.6  13.9  15.6  18. i  21.  i 

Xanthine  and  hjrpoxanthine  2..  12. i  12.9  13.8  15.0  16.9  20.1     Curve  Na 

Adenine  and  guanine  I 12.0  12.8  14.3  16. i  19.0  22.9 

Adenine  and  guanine  2 12. i  12.8  14.  i  16.0  18.9  22.8     Curve  Na 

Adenine,  guanine,  xanthine  and 

hjrpoxanthine  1 13,0  13.9  15.3  16.9  18.9  20,7 

Adenine,  guanine,  xanthine  and 

hirpoxanthine  2 13.0  14. i  15.6  17.2  19.3  21.7     Curve  Na  | 

5.00.       4.50.       4.00.      3.50.       3.00.       2.50. 

Adenine  sulfate 12.  i     13.0     14.6     16.4     19,2     23.1     Curve  No.  t 

These  readings  represent  the  average  of  readings  (usually  only  2) 

two  to  three  solutions  of  each  concentration.     Although  all  of  the  cui 

are  below  the  hypothetical  and  therefore  nearly  quantitative,  it  wiD 

observed  that  most  of  the  purine  curves  tend  to  approach  the  hypothetk 

as  the  ratio  of  the  solutions  becomes  smaller,  while  with  uric  acid  and 

^  In  this  paper  throughout,  the  weights  of  substances  refer  with  adenine  to 
sulfate,  and  guanine  to  the  hydrochloride;  the  others  to  the  free  bases. 
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mixture  of  four  purine  bases  this  is  not  the  case.     This  is  best  shown  by 

calculating  the  nephelometric  "constant"'  at  different  points  of  the  curve. 

Table  III. — ^Nsphblomstric  Constants. 

Substance Artwiino  n.ia«iw  Tfanttiin*  MypnTHnthiiip  Purine  ntirt   TIrir  acid 

i  at  ratio  of  soln.  0.80      0.14        0.33        0.35  0.32  0.16  0.09 

i at  ratio  of  soln.  0.50      0.04        0,10        0.09  0.13  0.16  o.  11 

These  facts  are  undoubtedly  due  to  either  the  influence  of  the  pro- 
tective colloid  or  the  solubility  of  the  silver  complexes,  showing  that 
uric  add  precipitation 
follows  the  nephelome- 
tric curve  accurately 
while  the  single  purine 
bases  show  in  the 
weaker  solutions  a  dis- 
tinct solubiUty  or  shift 
of  equilibrium,  due  to 
the  colloid.  This  was 
also  demonstrated  by 
adding  a  large  excess 
of  albumin.  Thus,  the 
reaction  with  the  purine 
bases  was  very  much 
weakened,  whereas 
with  uric  acid,  the  reac- 
tion was  unaffected. 

B.  Separation  of  Uric 
Acid    from    Purine 
Bases.  —  As    is    well    , 
known,  on  adding  Sal- 
kowski's    reagent   one 
obtains  uric  acid   and    ' 
the  other  purine  bases   (■ 
as  silver  complexes, 

and  although  there  are  slight  differences  in  solubility  and  the  speed  of 
reaction  between  uric  add  and  the  other  purine  complexes,  yet  the  differ- 
ences are  not  enough  to  serve  as  a  basis  for  their  quantitative  separation. 
The  alternative  was  the  eliminadon  of  either  of  these  substances,  from 
reacting  with  the  reagent.  After  trying  several  schemes,  the  oxidation 
of  uric  acid  with  a  suspension  of  manganese  dioxide,  seemed  very  promis- 
ing. This  reagent  is  used  in  the  Kriiger-Schmidt  method  for  a  similar 
purpose.  On  trying  it  as  recommended  by  the  authors  in  an  acid  solution. 
'Sober.  J.  Bid.  Chtm.,  13,  491  (1913);  also  Kober  and  Eferer,  This  Journal, 
37.  3373  (1915)- 
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it  was  found  that,  even  without  boiling,  not  only  uric  acid  was  oxidized  b»t 
some  of  ike  other  purines  as  well.  On  reducing  the  acidity,  the  diffeTcnce 
between  the  action  on  uric  add  and  other  purine  bases  became  shaipet, 
and  quantitative. 

Ozidati}n[l  Reagents.— The  details  as  to  the  modified  reagenU  and  the 
separation  are  as  follows:  25  g.  of  potassium  permanganate  are  dissolved  in 
500  cc.  of  water,  which,  on  bringing  to  boihng,  are  treated  with  95%  alctibcil 
until  all  of  the  permanganate  color  has  disappeared.     After  filtering  and 
washing  with  distilled  water,  the  manganese  dioxide  is  suspended  in  5001 
cc.  of  water.    The  rea- 
gent should  give  as  a  fine. 
suspension   indefinitely. 

The  solution  ccmtain- 
ing  purine  bases  and  uiifl 
acid   should  be  neutral^ 
ized  and  to  10  cc.  of  so-i 
lution   containing  aboufl 
0.001  g.  of  the  substand 
^o.i  cc.  of  6%  anunonitii 
J  hydroxide    (one   part 
g  ammonia  s.  g.  0.90  i 
three  parts  water)  and 
cc,  of  suspension  of 
'  ganese  dioxide  are  addd 
After    3    to    4    minuto 
standing    with    fiHjuc 
shaking,   the   mixture 
filtered  through  paper 
good   grade   until  de 
and    the    nephelometi 
estimation  of  the  pari 
bases   in   the    filtrate 
made.     The  advantage 
«■   Mf  VM-^I-^'.^"'-^-  ^  „„g^  is    aM,lt 

complishes   the   oxidation   of  uric   acid,   without  introducing   any  apft 
ciable  change  in  the  solution,  or  leaving  any  interfering  reagents,  0 
to  its  insolubility.     If  the  solution  to  be  tested  does  not  contain 
electrolyte,  it  is  well  to  add  i  cc.  of  a  4%  solution  of  sodium  acetat 
with  every  cubic  centimeter  of  the  reagent,  to  flocculate  the  mangaad 
dioxide  and  thereby  increase  the  efficiency  and  speed  of  filtering.    V: 
the  reagent  as  modified,  the  following  results  were  obtained   with 
different  purines  and  with  uric  acid. 
Action  of  Oxidizing  Reagent  on  the  Difif  erent  Purines. — Solutions  of  ti 
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inirines  were  shaken  with  the  reagent  ten  minutes,  a  mixture  of  the  purine 
bases  for  thhty  minutes,  while  uric  add  oxidation,  as  Table  IV  shows,  was 
<x)mplete  in  two  minutes.  The  first  column  of  figures  gives  the  readings  of 
the  nephdoitneter  with  the  solutions  after  treating  with  reagent,  whereas 
the  second  column  gives  the  results  without  the  oxidation  mixture,  but 
after  making  the  corresponding  dilutions,  etc. 


Tabls  IV. 

Nephelometric  reading*. 


Nephdometric  remdlags. 


Substance. 
9oln.  coot.  10  mg. 

per  100  cc.  dioxide. 

Xanthine 120 

12.0 

Av.,  12.0 

Hsrpozanthine 14.2 

14.0 
14.0 

Av.,  14. 1 

Adenine 12.0 

12.4 

12.2 

Av.j   12.2 
Guanine 10.8 

II. o. 
IX. o 


After  shok-  WHhotit  shak- 
ing with  ing  with 
manganeae      manganese 
dioxide. 


After  shak-  Without  shak- 
Substance.  Ing  with  ing  with 

Soln.  cont.  10  mg.     manganese      mangan« 

dioxide. 


Av.,    10.9 


II. 9 
12.0 

12.0 

14.0 

13.9 
14.0 

14.0 

12.4 
12.3 
12.0 

12.2 

10.8 
10.6 
10.6 

10.7 


per  100  cc.  dioxide 

Mixtures  of  equal  12.3 
parts  of  xanthine  12 . 1 
hypoza  n  t  h  i  n  e,  12.  i 
adenine,  and  12.  i 
guanine  12.2 

12.2 


II. 9 
II. 9 
12.0 
II. 9 


Av.,  12.2 
Uric  add. 

0.5  minute 6.6 

I. o  minute 5.5 

2.0  minutes 3.1 

5.0  minutes 2.9 

5.0  minutes 3.1 

Reagents  and  water  3 . 2 


II. 9 

17.0 
17.0 
17.0 
17.0 
17.0 
17.0 


The  results  show  that  the  amount  of  purine  bases  oxidized  was  in- 
appreciable, except  with  guanine,  which  showed  a  deficiency  of  about  2%. 
On  treating  the  mixture  of  the  ptuine  bases  for  thirty  minutes,  the  total 
loss  was  less  than  2%,  and  it  is  therefore  obvious  that  three  minutes' 
shaking  as  prescribed  will  have  no  appreciable  effect  on  the  four  ptuine 
bases,  while  the  destruction  of  uric  is  quantitative. 

As  the  amount  of  protective  colloid  necessary  for  uric  acid  is  much 
greater  than  for  the  other  purine  bases  it  was  expected  that  only  a  slight 
part  of  the  other  purine  bases  would  be  precipitated  along  with  the  uric 
add,  and  that  a  control  precipitation  with  the  same  amount  of  albumin 
would  be  necessary,  after  the  uric  add  had  been  eliminated.  On  experi- 
mentation it  was  foimd,  however,  that  when  liric  acid  was  present,  the 
other  purine  bases  were  thrown  down  with  it  quantitatively,  notwith- 
standing the  fact  that  the  albumin  was  about  ten  times  too  strong  for 
the  purine  bases  alone. 

Therefore,  to  determine  uric  acid  and  the  other  purine  bases  separately, 
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it  is  necessary  {i)  to  determine  the  total  purine  content,  using  enougji  oUnmiui 
to  prevent  Jiocculation — thai  required  for  an  equivalent  amount  of  uric  add, 
(2)  to  estimate  the  purine  bases  separately,  without  uric  acid,  using  tkesmaliat 

Y  ^  amount  of  albumin  ikdii 

necessary  to  give  tin  di- 
sired     protective    action. 
The  dijfference  betwetn  ( 1 ) 
and  (2)  ufill  give  the  vie 
acid  content. 
^     At  first  sight  this  ito- 
.. certainty  concerning  the 
amount     of     proteclire 
colloid   may  seem  both 
troublesome    and   iiiac- 
^  curate,  but  in  reality  it  is 
'  very  simple.  For  definite 
^  applications,    i.    t.. 
estimating     these 
stances  in  urine,  Uood, 
and  ferment  work,  defin- 
ite amounts  of  albumii 
can    be    prescribed,  Iv 
other    and    new    worfc^ 
albimiin  of  two  or  time 
di0erent   strengths  maf 
be     required,     but    the 
making    of    these   solo- 

„.     Mg.  cf  Purine  Mos^,  fl^r  ,0  cc.  ^^^  f  rom  a   StOck  Jote- 

tiOB  (2-o%)  and  their  testing  out,  will  only  be  a  matter  of  &om  15 
minutes. 

The  correct  amount  of  albumin  can  be  determined  very  simfdy  by 
adding  three  or  four  diiTerent  strengths  of  albumin  to  the  solution  cm- 
taining  the  uric  acid  and  purine  bases,  and  comparing  these,  after  i«- 
cipitation,  with  a  standard  in  the  nephelometer.  The  required  strtngth 
will  be  known  by  the  strongest  cloud,  i.  e.,  the  lowest  reading.  An  d- 
ample  will  make  this  clear.  When  compared  to  a  standard,  5  cc  (rf  » 
purine  mixture  (lO.o  mg.  per  100  cc.)  and  10  cc.  of  recent  gave,  witk 
10  cc.  o.z%  albumin,  36.4  mm.;  10  cc.  0.1%  albumin,  18.6  mm.;  10  cc 
0.075%  albumin,  19.8  mm.;  10  cc.  0.050%  albumin,  21.5  mm.  In  thii 
case  10  cc.  cf  0.1%  of  albumin  was  the  necessary  amount,  while  veakff 
albumin  according  to  the  readings  allowed  some  flocculation. 

To  show  that  the  precipitation  is  quantitative  under  these  conditimi 
the  following  results  of  Table  V  will  suffice: 
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Tablb  v. 

Soln.  cont. 
in  100  cc. 

Amt. 

for 
anal. 

Cc. 

Amt. 

water 

added. 

Cc. 

10  cc. 

albu- 
min 
used. 

Read- 
ing w. 

10  cc. 
reagent. 

Mm. 

Reading  of 
standard. 

Total 

purine 

bases 

found  in 

Ratio    100  cc 

of  sol.      Mg. 

Purine 
bases 

(net) 

in 
100  cc. 

Mg. 

Uric 

acid 
found 

in 
100  cc. 

Mg. 

Purkte 
bases. 

Us. 

Uric 
acid. 
Mg. 

1  S. 
Mm. 

VtS. 
Mm. 

00.0 

10,0 

5.00 

0.00 

I.O 

17.5 

■    •    •    • 

■    •    »    ■ 

■     •    •    ■ 

•  » •  • 

•      m      m      • 

10. 0 

10. 0 

2.50 

2.50 

x.o 

18.3 

17.5 

0.938 

18,7 

9.2 

9.5 

7.5 

10. 0 

2.50 

2.50 

l.O 

19.7 

17.5 

0.873 

17-5 

7.0 

10.5 

5.0 

10. 0 

2.50 

2.50 

I.O 

16.0 

12.4 

0.748 

15.0 

4  9 

lO.I 

2.5 

10. 0 

2.50 

2.50 

1.0 

14.3 

•    •    •    • 

17.0 

I. 21 

12. 1 

2.3 

9.8 

xo.o 

7.5 

2.50 

2.50 

0.5 

14. 5 

12.8 

0.873 

17.5 

10. 0 

7-5 

10.9 

5.0 

2.50 

2.50 

0.25 

17. 1 

12.8 

0.720 

14.4 

10. 0 

(4.4) 

10. 0 

2.5 

2.50 

2.50 

0.25 

19.2 

12.8 

0.628 

12.6 

10. 0 

2.6 

9.2 

0.0 

5.00 

•    •    •    • 

O.IO 

18.9 

17.5 

0.916 

9.2 

9.2 

•   •  •  • 

7.0 

0.0 

5.00 

■    •    •    ■ 

0.05 

24.0 

17-5 

0.696 

7.0 

7.0 

■   •   •   ■ 

4.6 

0.0 

5.00 

a     •     ■     • 

0.05 

22.8 

12.4 

0.485 

4.8 

4.8 

•   •  •   ■ 

2.3 

0.0 

5.00 

•     •     •     • 

0.05 

32.5 

•   «   •    • 

17.0 

0.463 

2.3 

2.3 

■  «  •   • 

0.0 

5.0 

5.00 

■     •     •     ■ 

1.0 

17.0 

■   •   •   • 

•    •    •    • 

•     •    •     • 

•     ■    ■     • 

•  ■  •  ' 

■   >  ■  « 

These  solutions  were  not  treated  with  manganese  dioxide,  in  order 
not  to  introdtice  any  new  factors.  The  first  solution  given  in  the  table 
was  used  as  a  standard,  and  the  last  solution  in  the  table  as  one-half 
standard.  The  results  are  as  accurate  as  one  could  expect,  when  it  is 
considered  that  an  average  nephelometric  constant  of  0.10  was  used 
throughout*  Since  the  albumin  varied  from  day  to  day  and  the  value 
for  *  differs  for  purines,  an  appreciable  error  may  have  been  introduced. 
As  soon  as  a  standard  source  of  albumin  is  obtained,  the  percentage 
acou'acy  can  undoubtedly  be  considerably  increased. 

The  results  of  Table  VI  were  obtained  by  eliminating  the  uric  acid,  using 
the  olidation  mixtiu'e  previously  described.  Twenty  cc.  of  a  mixture  of 
purine  bases  and  uric  acid,  2  cc.  of  soditun  acetate  and  ammonia  solution, 
and  2  cc.  of  a  suspension  of  manganese  dioxide,  after  shaking  3  to  4  minutes, 
were  -filtered  and  a  nephelometric  estimation  made  on  the  filtrate,  as  well 
as  on  the  solution  before  treatment  with  oxidation  reagents. 

Tabi«e  VI. 


Soln.  cont. 

inlOOoc. 

0— * » 

Purine    Uric 

bases,     acid. 

Kg.       Mg. 

A 


Reading  of 
soln.    Mm. 


Reading  of 

standard 

0.01%  uric 

add.     Mm. 


Total  purine  Purine  bases  Uric  acid 
Ratio  of  soln.  bases  found  in  (net)  in  found  in 
to  standard.       100  cc.    Mg.     100  cc.   Mg.   lOOoc  Mg. 


1. 


n. 


I. 


II. 


I. 


II. 


I. 


II. 


I.      n. 


I.    II. 


14-5  147 
20.5  21.0 


10. o      2.5 
Filtrate 

B 
10.0    10. o    18.0  19.4 


Filtrate 
C 


21 .0  23.8 


2.9    10. o   14.5 


Filtrate 


23.0 


18.0  18.0 
18.0  18.0 

18.0  19.0 
18.0  19.0 

18.0 
18.0 


1.26     1.25      12.6  12.5     

0.863  0.838     10.4  10. 1 


2.2  2.4 


1. 00    0.952    20.0  19. 1     .... 
0.843  o  774     10. 1 


9.3       9-9  9.8 


1.26 
0.55 


12.6 


•    ■   • 


30 


9.^ 
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In  Group  A  the  estimation  was  made  by  taking  for  the  total  puiioes, 
5.00  cc.  of  the  solution,  10  cc.  of  0.25%  albumin  solution,  and  10  cc  ol 
reagent;  for  the  filtrates,^  5.00  cc.  of  the  solution,  10  cc.  of  0.15%  albunun 
and  10  cc.  of  reagent.  In  Group  B  the  estimation  was  made  by  taking 
for  the  total  ptuines,  2.50  cc.  of  solution,  2.50  cc.  of  water,  10  cc.  of  i.o% 
albumin,  and  10  cc.  reagent;  for  the  filtrate,  5.00  cc.  of  solution,  10  cc 
0.15%  albumin  and  10  cc.  of  reagent.  In  Group  C  the  estimation  vas 
made  by  taking  for  the  total  purines,  2.50  cc.  of  the  solution,  2.50  cc.  of 
water,  10  cc.  of  1.0%  albumin  and  10  cc.  of  reagent;  for  the  filtrate,  5.000c 
of  the  solution,  10  cc.  of  0.05%  albumin  and  10  cc.  of  reagent,  using.ooe- 
half  standard. 

in.  Directions. 

As  a  standard  cloud,  uric  add  might  well  be  adopted,  owing  to  the 
purity  of  the  commercial  product;  and  for  this  purpose  we  give  below  tbe 
nephelometric  value  of  the  different  purines  (as  free  bases)  in  terms  of 
uric  acid. 

0.1 00  g.  uric  acid  *  0.031  g.  adenine;  0.079  S-  guanine;  0.106  g.  hypozantbiix; 
0.104  R*  xanthine;  0.071  g.  purine  mixture;  0.067  tS-  adenine  and  t^uaoine;  0.104  (. 
xanthine  and  hypoxanthine. 

As  it  is  a  safe  principle  in  nephelometry  to  use  as  a  standard  a  knows 
amount  of  the  same  substance  to  be  determined,  the  directions  for  makiq| 
solutions  of  each  of  the  purines  follow: 

One-tenth  gram  of  finely  powdered  uric  acid    is  weighed  carefolly  li 
a  50  cc.  beaker,  to  which  is  added  25-30  cc.  saturated  lithium  carbonat 
(about  1.0%),  stirring  and  powdering  with  the  flat  end  of  a  stirring 
until  dissolved.     The  solution  is  then  transferred  to  a  100  cc.  gradual 
flask  with  a  little  water  and  made  up  to  the  mark  with  0.2%  tricresoL^ 

Xanthine  and  hypoxanthine  solutions  are  made  in  the  same  way,  exc 
the  commercial  xanthine  which  seems  to  be  slightly  impure  and  theref< 
must  be  standardized. 

^  As  the  filtrates  were  diluted  with  4  cc.  of  water,  from  the  sodium  acetate 
ammonia  and  the  suspension  of  manganese  dioxide,  the  ratios  of  the  filtrates 
divided  in  each  case  by  the  factor  30/24  or  0.833.    Owing  to  the  presence  of  the 
solution  (sodirm  acetate)  it  was  necessary,  as  may  be  observed  in  the  relatively 
filtrates,  to  increase  the  strength  of  albumin  from  0.10%  to  0.15%. 

'  S.  R.  Benedict,  /.  Biol.  Chem.,  20,  619^-27  (1915),  uses  a  phosphate 
in  connection  with  acetic  acid,  which  permits  the  stock  solution  to  be  preserved 
at  least  a  month.    This  seems  to  be  an  advantage  over  previous  methods  of 
uric  add. 

*S.  S.  Graves  and  P.  A.  Kober,  Tms  Journal,  36,  751  (1914).     As  a 
liquid  for  organic  substances  liable  to  bacterial  decomposition,  we  use  an  aqi 
solution  of  tricresol  (usually  0.2%).     This  is  a  much  more  powerful  germicide 
chloroform  or  toluene  and  causes  no  trouble  in  volumetric  measurement.     Both  cUort*] 
form  and  toluene,  as  is  well  known,  make  measuring  apparatus  unclean  and  oily, 
that  they  are  unsuitable  for  accurate  work. 
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Par  adenine  sulfate  and  guanine  hydrachloride,  25  to  30  cc.  of  hydro- 
chloric acid  (i  vol.  of  cone,  made  up  to  100  vols,  with  water)  are  used  in* 
stead  of  lithium  carbonate.  Warming  the  solution  slightly  will  hasten 
solution,  but  if  the  substance  is  sufficiently  powdered,  this  is  not  necessary. 

Directions  for  making  reagents  have  already  been  given  and  in  the 
application  of  the  method  to  blood  and  urine,  specific  details  will  be  given. 

General  Precautions. — ^As  egg  albumin  solutions  have  a  tendency  to 
form  shreds,  it  is  necessary  to  avoid  their  formation  or  to  remove  them 
when  formed  by  careful  filtration.  The  diief  cause  of  their  formation 
seems  to  be  surface  tension  and  therefore  any  increase  of  surface  through 
the  formation  of  air  bubbles  or  shaking  unnecessarily  is  to  be  avoided. 
In  pipeting  it  is  well  to  allow  the  solution  to  drain  down  the  side  of  the 
containing  vessel  or  better  still  to  dip  the  draining  pipet  into  the  liquid. 
Mixing  of  the  solution  can  be  accomplished  by  gentle  rotation.  In  case 
filtering  is  necessary,  a  long,  wide-stem  funnel  is  the  most  suitable  to  pre- 
vent air  bubbles  or  the  formation  of  drops. 

IV.  Applications. 

A.  Urine. — ^When  the  reagent  is  added  to  urine  the  complexes  of  the 
purines,  including  uric  acid,  are  formed  at  once  and  agglutinate  almost 
immediately  (in  1-4  minutes)  even  when  the  urine  solution  is  moderately 
dilute  and  contains  the  usual  amount  of  protective  colloid.  This  is  doubt- 
less due  to  the  coagulative  action  of  the  inorganic  saltsr  in  the  urine.  There 
are  two  ways  to  circumvent  this  difficulty:  (i)  to  oflFset  this  action  by 
further  dilution  and  increased  amount  of  albumin,  or  (2)  to  remove  the 
interfering  salts.  This  second  possibility  seems  theoretically  more  de- 
sh^ble.  Attempts  to  throw  out  calcium  as  oxalate  and  magnesium  as  a 
carbonate  did  not  produce  a  solution  satisfactory  for  nephelometric  work, 
probably  because  other  salts  are  present  which  cannot  be  directly  pre- 
cipitated. The  final  solution  of  the  problem  lay,  as  Folin  and  Dennis 
found  in  their  work,  in  precipitating  the  purines  with  the  uric  acid  as 
complexes  and,  after  centrifuging  for  a  minute  or  two,  pouring  off  the  super- 
natent  liquid  containing  most  of  the  interfering  substances,  dissolving 
the  complexes  and,  after  suitably  diluting,  reprecipitating  them.  This 
procediu-e  gives  complete  control  of  the  precipitating  medium  and  is 
therefore  conducive  to  accuracy. 

Folin  and  Dennis  redissolve  uric  acid  from  similar  precipitation  by 
means  of  hydrogen  sulfide  and  hydrochloric  acid,  boiling  off  the  excess  of 
sulfide.  The  total  elimination  of  silver  at  this  point  is  not  necessary  in 
our  method  as  our  reagent  contains  silver.  Therefore  hydrochloric  acid 
alone  is  sufficient  to  set  free  the  purine  bases  which  on  heating^  are  all 
redissolved,  but  some  suspended  silver  chloride  remains  even  after  filtering. 

*  Without  boiling  98%  or  more  of  the  purines  redissolve,  if  the  solution  is  not  less 
than  35  cc.  for  0.005  S-  of  purine  bases. 
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« 

In  the  estimation  of  total  purine  bases  this  silver  chloride  is  of  no  odd- 
sequence,  but  in  the  estimation  of  the  purines  excluding  uric  add,  tk 
medium  for  oxidation  must  be  alkaline^ — in  which  case  the  silver  dikride 
again  forms  complexes  and  in  the  absence  of  protective  will  be  filtered 
off  with  the  oxidation  reagent,  manganese  dioxide.  By  using  a  solutioo 
of  lithium  carbonate  sattu'ated  with  hydrogen  sulfide,  to  make  the  ood- 
dation  medium  alkaline  as  given  in  the  general  directions,  silver  chkxide 
is  converted  into  silver  sulfide  and  is  completely  filtered  off  with  the  man- 
ganese dioxide.  Not  only  is  the  silver  removed  from  the  sphere  of  actkn 
by  this  operation,  but  the  uric  acid  is  completely  oxidized,  and  after  fil> 
tration  it  will  be  found  that  no  trace  of  sulfide  remains  in  the  solution, 
the  excess  having  been  removed  by  the  manganese  dioxide  or  changed 
into  some  other  insoluble  substance,  as,  for  example,  sulfur. 

The  removal  of  alkaline  sulfide  by  a  suspension  of  manganese  dioxide 
seems,  as  far  as  we  are  aware,  not  to  have  been  used  in  praciibe  before,  ami 
we  can  strongly  recommend  it  for  this  purpose.  Its  advantages  over  tbc 
boiling  technic  are  obvious. 

Since  the  purine  reagent  is  strongly  ammoniacal,  some  inorganic  bases 
of  mine,  as  calcium  and  magnesium,  are  thrown  down  with  the  purioe 
complexes  and  find  their  way  into  the  final  solution,  but.  owing  to  the 
presence  of  protective  colloid  and  their  small  concentration  they  do  no^ 
as  some  following  experiments  show,  appreciably  affect  the  estimatioi 
of  the  total  purines.  In  the  estimation  of  ptuine  bases,  the  alkaline 
medium  necessary  for  the  oxidation  of  the  tuic  add  also  removes  these 
inorganic  bases,  thus  no  extra  precautions  for  this  purpose  are  neededj 

Technic. — Five  cc.  of  urine  are  put  into  a  15  cc.  graduated  centrifuf^ 
tube,  5  cc.  of  reagent  added  and  the  solution  centrifuged  i  to  3  minute^- 
the  supernatant  liquid  is  then  poured  off,  10  cc.  of  hydrochloric  add  (i- 
100)  are  added  to  the  residue  and  the  tube  placed  into  boiling  water  for 
2  to  5  minutes.  The  tube  is  then  cooled  and  the  volume  made  up  te 
15  cc.  The  solution  is  then  centrifuged,  or  allowed  to  settle,  to  remove 
the  larger  part  of  the  silver  chloride  and  the  liquid  drawn  off  with  a  pipet— 
Solution  A. 

I.  Total  Purines. — ^To  3  cc.  of  Solution  A  are  added,  in  the  order  named. 
7  cc.  of  water,  10  cc.  of  2%  albumin,  0.05  to  o.io  cc.  of  strong  ammonia 
(s.  g.  0.90)  to  dissolve  any  silver  chloride  and  10  cc.  of  reagent.  The 
suspension  is  compared  in  the  nephelometer  with  a  standard  suspensioo 
made  by  5  cc.  of  0.01%  uric  acid  solution,  5  cc.  of  water,  10  cc.  of  2% 
albumin  and  10  cc.  of  reagent.  This  standard  is  of  satisfactory  strengA 
for  the  comparison  of  most  normal  urines,  but  may  be  made  stronger  if; 
the  urine  contains  large  quantities  of  purine  bases. 

II.  Purine  Bases  (excluding  Uric  Acid). — ^To  10  cc.  of  Solution  A  aie 

^  The  acid  or  neutral  medium  permits  oxidation  of  some  of  the  purines. 
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added,  in  the  order  named,  2  cc.  of  1%  lithium  carbonate  solution  saturated 
with  HtS,  2  cc.  of  lithium  carbonate,  and  2  cc.  of  suspended  manganese 
dioxide  (see  general  directions). 

This  solution,  B,  allowed  to  stand  for  3  to  5  minutes  with  occasional 
shaking,  is  then  filtered  until  dear.^  Ten  cc.  of  this  solution,  B,  precipi- 
tated by  5  cc.  of  teagent,  are  then  compared  with  the  standard  solution, 
as  described  above. 

Prom  the  fact  that  the  purine  bases  do  not  agglutinate  in  8  to  10  min. 
without  the  addition  of  albumin,  it  is  assumed  that  sufBident  protective 
colloid  is  inherent  in  the  urine  to  keep  them  in  suspension — since  only 
5  cc.  of  0.2%  albumin  supply  the  protection  necessary  for  pure  solutions 
of  much  greater  strength. 

in.  Uric  Acid. — The  difference  between  the  total  purines  and  the 
purine  bases  is  equivalent  to  the  uric  add. 

The  two  determinations  are  made  from  5  cc.  of  urine,  a  quantity  easily 
obtainable  in  normal  urinary  work.  If  desirable,  however,  a  smaller 
quantity  will  suffice  provided  the  reagents  are  used  in  the  most  concen- 
trated form  or  the  standard  solutions  made  weaker. 

Calculations  of  Results. — ^The  readings  of  the  standard  and  the  unknown 
solutions  are  made  according  to  the  usual  nephdometric  directions'  and 

are  then  substituted  for  5  and  y  in  the  formula  x  = \J±. — I 4£S 

and  the  value  of  k  being  taken  as  o.io.  The  equation  is  solved  for  x, 
the  ratio  of  the  solutions,  by  means  of  which  the  amount  of  substance 
in  grams  may  readily  be  calculated.'  The  following  figures  were  obtained 
and  are  examples  of  many  similar  experiments: 

Tablb  VII  (Grams  pbr  Litsr). 

Nephelometiic       Method  of 
methocL         Polin  aod  Dennis. 
Urine.  Total  purines.       Pniine  Imms.    Uric  add  (by  dif.).     Uric  add. 


Nonnal  I  (human) 0.745  0.089  0.656  0.584 

Nonnal  I  (hunmn) 0.720  0.086  0.634  0.595 

Nonnal  I  (human) 0.720  0.083  0.637  0.560 

Nonnal  I  (human) 0.745  0.086  0.659  0.562 

Normal  I  (human) 0.730  0.085  0.645  

Av.,  0.730  0.086  0.646  0.578 

These  results  show  that  in  our  hands  the  Folin  and  Dennis  colorimetric 
method  gave  from  8  to  10%  lower  values  for  luic  acid  than  the  nephelo- 
metric.   We  are  not  ready  to  decide  which  of  these  two  methods  is  nearer 

'  Usually  two  filtrations  are  sufficient  owing  to  the  presence  of  salts  in  the  mine 
but  in  pure  solutions  it  is  well  to  add  some  electrolyte,  e.  g.,  i  cc.  of  4%  solution  of  sodium 
acetate. 

'Kober,  J.  Bud.  Chem.,  13,  491  (1913). 

'  The  slide  rule  'is  a  great  time  saver  in  these  calculations. 
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the  truth,  but  the  following  pomts  have  been  observed:  (i)  that  in  pore 
solutions  both  methods  seem  equally  accurate;  (2)  in  practical  urinary 
work,  as  indicated  above,  the  nephelometric  method  may  give  resulU 
which  are  slightly  too  high,  owing  to  the  presence  of  some  insoluble  saltSi 
but  the  error,  as  experiments  below  show,  cannot  be  more  than  2%  and  is 
probably  very  much  smaller.  The  Folin  and  Dennis  colorimetric  metbod* 
however,  in  our  hands  and  others,  shows  the  possibility  that  it  gives 
results  which  are  too  low.  As  Folin  and  Dennis  have  observed,  their 
color  fades  on  standing,  but  contrary  to  their  statement,  the  color  pro- 
duced by  the  urine  unknown,  fades  very  much  more  rapidly  than  the  odor 
of  the  standard.  In  work  done  so  far  on  urines  with  the  colorimetric 
method  it  has  been  hard  to  get  two  readings  which  agree,  the  second 
reading  always  being  higher  than  the  first;  thus,  for  example,  a  uric  add 
estimation  in  urine  made  according  to  their  directions  gave  on  the  first 
reading  12.0  mm.,  on  the  second  reading  made  as  soon  as  possiUe  after 
the  first,  12.4;  two  minutes  after  the  second  reading,  a  third  estunatioa 
gave  14.2  and  the  4th  reading  made  after  the  lapse  of  another  five  ii]inute9» 
gave  17  mm. ;  thus  in  about  ten  minutes  almost  50%  of  the  color,  as  oooh 
pared  to  the  standard  had  faded.  We  are  not  sure  that  our  technic  was 
faultless  but  the  estimations  were  made  following  the  directi<Mis  as  dosdy 
as  possible.  If  this  fading,^  which  has  been  noted  by  others,  follows 
the  law  of  mass  action,  and  it  probably  does,  the  fading  during  the  first 
minute  or  two  must  be  very  appreciable  and  may  account  for  the  difference 
between  the  colorimetric  and  nephelometric  methods. 

Experiments  to  Show  the  Effect  of  Salts  in  Urine  on  the  Total  Piuint 
Estimation. — I.  Urine  solutions,  prepared  according  to  the  preceding  di* 
rections,  show  none  or  a  very  slight  cloud  when  treated  with  2%  albumin 
and  reagent  made  without  silver  (other  constituents  being  the  same)  in 
amounts  prescribed  for  the  estimation  of  total  purines.  It  is  to  be  re- 
membered that  the  ammonia  in  the  reagent  is  more  than  ample  to  dis* 
solve  any  insoluble  compound  of  silver  with  a  tuinary  substance,  such  as 
phosphate,  chloride,  etc.,  except  purine  complexes. 

II.  Urine  solutions,  prepared  according  to  the  preceding  directions, 
upon  oxidation  in  acid  medium  which  destroys  uric  acid  and  most  of  the 
purines  after  the  addition  of  albumin  and  normal  reagents,  showed  only 
a  trace  of  cloud  as  compared  with  a  standard  containing  only  albumin 
and  reagent. 

III.  To  the  filtrates  from  oxidized  urine  solutions  (see  II)  were  added 
known  amounts  of  uric  acid  (0.0005  g.)  which  were  recovered  with  a 
slight  increase  (less  than  2%). 

^  S.  R.  Benedict,  /.  Biol.  Chem.,  20,  619-27  (1915),  obtains  about  18%  more  color 
using  KCN  a  a  solvent  for  the  silver  complex.  Benedict  thinks  this  is  due  to  Ike 
marked  diminution  in  the  rate  of  fading  of  the  color.  As  the  fading  has  not  been  en- 
tirely eliminated,  one  would  expect  the  results  to  be  still  somewhat  too  low. 
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Rfadiiigii  fotuMt 15.9        15.7        15.8        16.3 

Readings  expected x6.s        16. a        x6.2        x6.s 

These  experiments  show  that  in  urinary  medium,  from  which  all  of  the 
uric  add  and  most  of  the  purine  bases  had  been  oxidized  and  to  which  a 
known  amount  of  uric  acid  had  been  added,  we  were  able  to  obtain  very 
nearly  quantitative  figures.  Making  no  allowance  for  traces  of  tmoxi- 
dized  purines,  the  error  is  about  2%,  but  we  are  not  certain  that  the  add 
medium  permitted  the  oxidation  of  all  of  the  purines,  and  if  allowance 
is  made  for  this  factor,  then  the  error  in  our  nephelometric  method  is  very 
much  smaller. 

B*  Blood. — ^In  the  estimation  of  ptuine  bases,  as  with  most  constituents 
of  the  blood,  it  is  necessary  to  remove  the  bulk  of  the  proteins.  For  the 
quantitative  predpitation  of  the  coagulable  proteins  5  volumes  of  3% 
sulfosalicylic  add^  have  proved  very  satisfactory — ^but,  owing  to  the  de- 
vel(^ment  of  the  yellow  color*  in  the  sulfosaUcylic  add  filtrate,  when  made 
alkaline,  by  the  ammonia  of  the  ptuine  reagent,  the  direct  estimation  of 
the  purines  in  the  blood  filtrates  with  this  protein  predpitant  was  found 
nephdometrically  unsuitable. 

Greenwald's'  discovery  of  trichloroacetic  add  as  a  reagent  for  the  re- 
moval of  blood  proteins,  is  of  great  service  for  the  estimation  of  purines 
in  blood.  It  gives  filtrates  which  are  dear  and  free  from  proteins,  and 
enables  us  to  estimate  the  ptuine  bases  in  them  directly,  after  centrifuging 
off  the  caldum  as  oxalate. 

Oiu-  intention  was  to  apply  otu*  reagent  to  the  estimation  of  purines 
in  different  kinds  of  blood,  normal  and  pathological,  but  two  obstades 
have  prevented  us.  (i)  For  some  time  we  lacked  a  stdtable  nephelometer* 
— one  which  hdd  at  least  100  mm.  of  liqtnd.  (2)  After  getting  such  an 
instrument  we  now  lack  the  opporttmity  to  finish  the  work  on  blood. 
We  are  therefore  compelled  to  content  ourselves  with  an  outline  of  our 
blood  procedure  and  a  few  qualitative  experiments. 

As  sheep  blood  contains  no  appredable  amount  of  free  purine  bases, 
it  is  well  adapted  for  experimental  work  in  developing  this  method.    There- 

'  Kohtr,  This  JotJUKAt,  35,  290,  1585  (1913). 

*  Probably  a  nitrate  reaction. 

'  7.  Bid.  Ckem.,  tricfaloioacetic  add.  while  vesy  efficient  as  a  pcedfntant  fcr  strong 
soltftioofl  of  protem,  is,  however,  not  so  suitable  for  nephelometric  estimation  of  proteins. 

*  As  the  amount  of  purine  bases  in  some  kinds  of  blood  is  extremely  small,  it  was 
necessary  to  have  about  100  mm.  of  liquid  under  observation.  The  instruments  used 
by  us  heretofore  allowed  not  more  than  40  mm.  of  liquid.  We  were,  therefore,  compelled 
to  design  an  instrument  of  larger  capacity,  and  because  of  the  difficulty  of  getting  suit- 
able optical  glass,  owing  to  the  European  war,  the  whole  problem  was  delasred. 

The  new  instrument,  having  many  improvements  over  the  Duboecq,  such  aa  a 
Lummer-Brodhun  eyepiece,  adjustable  vernier,  black  glass  plungers  and  other  new 
devices,  will  be  described  in  a  separate  paper,  and  can  be  obtained  from  Lenz  and  Nau- 
mann,  17  Madison  Ave.,  New  York  City,  for  about  V»  the  original  price,  $36.00. 
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fore,  tht  quantitative  recovery  of  known  amounts  of  purine  bases  added 
to  the  blood,  will  suflBLce  to  show  the  appUcabihty  of  the  method. 

The  following  (Table  VIII)  qualitative  preliminaxy  experiments  with 
the  method  were  made  with  sheep  blood,  April  27,  1915: 

Tabus  VIII. 

PuiUn  TrichlonMUDCtic 

baaes              add  added  Filtrate 

Blood                added  for  rcoMTal  taken               Pi?eipita«e( 

taken.              (mixture).          of  protdn.  for  teft  found 

No.                                  Cc                     Mf.              Ce.of5%.  Cc  (Cleiid), 

(i) ao.o  0.25  100  80  -I- + + 

(2) 20.0  0.25  100  80  +  +  + 

(3) 20  o  0.25  100  80  +  +  + 

(4) 20.0  0.25  100  80  +  +  + 

(5) 20.0  ....  100  80  

(6) * 20.0  100  80  .... 

(7) HiO  0.35  looHsO       80  -f  + -h 

These  experiments  showed  that  the  conditions  for  the  direct  nephelo- 
metric estimation  of  uric  acid  and  other  purine  bases  in  blood,  after  the 
removal  of  the  blood  protein  with  Greenwald's  reagent  and  of  calcium 
with  ammonium  oxalate,  to  be  very  favorable. 

V.  Sununary. 

I.  Salkowski's  reagent  for  purine  bases  has  been  modified  to  meet 
nephelometric  conditions*  and  it  is  shown  that  the  reagent  will  piedpi- 
tate  xanthine,  h3rpoxanthine,  guanine,  adenine  and  luic  acid  quanti- 
tatively in  very  dilute  solutions  (0*0002%). 

II.  The  use  of  a  protective  oolloid  has  been  introduced — dear  solutions 
of  egg  albumin — ^for  the  purpose  of  keeping  the  precipitates  in  suspension 
90  that  they  may  be  estimated  nq>helooietrically. 

III.  It  has  been  shown  that  the  suspension  of  manganese  dioxide  in 
an  alkaline,  instead  of  in  an  acid  medium,  as  has  been  used  heretofore, 
win  oxidize  uric  add  completely  in  i  to  3  minutes,  and  leave  the  other 
purines  piactically  unattacked* 

IV.  It  has  been  shown  that  manganese  dioxide  is  an  excellent  reagent 
for  the  removal  of  alkaline  sulfides  from  solution  without  the  usual  boiling 
technic,  and  without  introducing  any  interfering  reagents  in  the  solution. 

V.  It  has  been  shown  that  uric  add,  and  other  purine  bases  in  urine, 
may  be  quickly  and  fairiy  accurately  estimated  with  the  nephelometer. 

VI.  It  has  been  shown  that  5  volumes  of  3%  sulfosalicylic  add  is  an 

excellent  reagent  for  removing  all  coagulable  protdn  from  blood.    By 

^  In  each  case,  to  80  cc.  of  dear  filtrate  were  added  5  cc.  of  oxalic  add  (aattvated) 
solution  and  5  cc.  of  strong  ammonia  (s.  g.  0.90).  After  oentrifuging  off  the  pieci|H- 
■tate  of  oxalates,  and  taking  an  aliquot  portion  (80  cc.),  5  cc.  of  a  strong  solution  of 
ammoniacal  silver  nitrate  were  added  (26.0  g.  silver  nitrate,  50  oc.  of  water,  66.0  cc. 
of  ammonia  (s.  g.  0.90).  This  reagent  contains  no  chlorides,  as  blood  chlorides  are 
sufficient  to  prevent  the  reduction  of  diver. 
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centrifuging  i  to  2  minutes  after  the  predpHation  with  sulf osalicylic  acid» 
the  great  btilk  of  protein  can  be  removed,  and  if  the  supernatant  liquid  is 
shaken  with  a  little  talcum  to  cause  agglutination  of  any  remaining  sus- 
pended protein,  a  perfectly  dear  filtrate  can  be  obtained  in  5  to  10  minutes 
without  boiling. 

VII.  It  has  been  shown  that  5  volumes  of  Greenwald's  reagent  (5%) 
for  the  removal  of  blood  protein  is  equally  effident»  and  that  it  has  the 
advantage  that  it  forms  with  ammonia  no  yellow  color. 

VIII.  An  outline  of  the  technic  for  the  estimation  of  purine  bases  in 
blood  is  given. 


NEW  BOOKS. 

Sufue  Tension  and  SNifftice  Energy  and  llieir  Inflttenee  on  Chemical  Phenomena. 
By  R.  S.  Watows  and  £.  HaTSCHSS.  Pp.  viii  +  80;  17  ittustrations.  P.  Blakie- 
ton's  Son  &  Co.,  1915.    Price,  f  i.oo  net 

This  book,  which  is  based  upon  a  course  of  lectures  delivered  as  a  con- 
tinuation of  another  set  on  colloidal  chemistry,  has  for  its  object  the  con- 
sideration of  the  theory  of  those  stuf  ace  interactions  which  are  evidenced 
experimentally  by  the  phenomenon  of  adsorption.  In  the  main,  Uie' 
treatment  is  excellent,  and  the  book  wiU  be  fotmd  an  especially  valuable 
r6sum6  of  the  subject  by  those  who  are  interested  in  the  chemistry  of 
coDoids,  whether  front  the  biological  or  from  the  purely  chemical  side. 

Unfortunately,  by  an  oversight,  it  is  made  to  appear  on  page  5  that 
the  surface  tension,  itself  of  a  liquid,  is  related  to  its  critical  temperature 
in  the  same  way  as  Ramsay  and  Shields  have  found  the  more  complicated 
function — surface  tension  times  the  two-thirds  poWer  of  molecular  weight 
over  density — ^to  be.  This  was  proven  Ibng  since  to  be' incorrect,  and  itf 
fact  was  the  reason  why  the  classical  work  of  Rkmsay  and  Shields  was 
undertaken.  .  J.  L.  ^.  Morgan. 


The  Etectdeal  Natare  of  Hatter,  and  Badioactivity.  By  HAaxy  C.  Jonbs.  Pp.  viU 
+  2ia,  Third  -Edition.  Completely  Revised.  New  York:  D.  Van  Nostrand 
Company,  1915.     Price,  $2.00  net. 

The  viewpoint  of  this  book  is  essentially  that  of  about  1905,  despite 
the  two  revisions  which  the  work  has  undergone.  The  important  work 
of  Fajans  on  the  electrochemical  properties  of  the  radioelements,  and 
Soddy's  rules  for  the  effect  of  alpha  and  beta  ray  changes  on  the  valence 
of  the  radioelements,  have  thrown  much  light  upon  the  chemical  nature 
of  these  elements,  have  made  it  possible  to  fit  them  into  the  periodic  table 
and  have  given  us  a  new  notion  in  regard  to  certain  elements — ^isotopes, 
as  Soddy  has  called  them.  For  example,  thorium  and  ionium  are  iso- 
topes, as  are  also  radium  B,  radium  D,  radium  G,  and  lead.  These 
elements,  of  different  atomic  weight,  are  chemically  and  spectroscopically 
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identical.  This  work  which,  with  the  resultiiig  hypotheses,  has  bfDii|^t 
order  to  our  understanding  of  the  chemical  properties  ol  the  radiodementSi 
is  second  only  in  importance  to  the  disintegration  hypothesis  of  Rutherf ocd 
and  Soddy,  which  brought  an  explanation  for  the  productkm  and  decay 
of  radioactive  substances.  Soddy's  and  Pajan's  work  is  not  even  men- 
tioned in  the  last  edition  of  Prof.  Jones'  book.  The  important  work  of 
Moseley,  and  Rutherford  and  Andrade  on  X-rays  and  gamma  rays  is 
not  mentioned,  and  treatment  oi  the  mofe  recent  views  as  to  the  nature 
of  the  atom  is  limited  to  two  paragraphs  of  eleven  lines. 

Data  are  still  quoted  which  are  now  known  to  be  incorrect  (heat  pro- 
duced by  radium,  pp.  no  and  117;  and  the  volume  of  a  curie  of  emana- 
tion). Many  pages  are  devoted  to  the  discussion  of  subjects  about  which 
there  is  now  not  the  uncertainty  that  prevailed  in  1905.  For  eacample, 
the  general  reader  may  find  it  somewhat  confu5(ing  to  read  several  pages 
of  argument  and  hypothetical  reasoning  which  prove  that  Runge  and 
Precht's  calculated  value  for  the  atomic  weight  of  radium,  257.8  (whidi 
is  based  on  the  spectrum  lines  of  radium  and  certain  relations  between  the 
series  spectrum  lines  of  elements  and  their  atomic  weight)  is  correct, 
while  the  directly  determined  value,  of  about  225,  is  incorrect,  and  then 
find  in  the  last  six  lines  at  the  end  of  the  chapter,  the  results  obtained  by 
Mme.  Curie,  Thorpe,  Gray  and  Ramsay,  and  Hoenigschmidt,  all  of  which 
go  to  show  that  the  lower  atomic  weight  is  correct.  Errors  have  crept 
through  uncorrected,  as  for  example  p.  96  (cf.  also  p.  115),  where  it  is 
stated  that  "the  alpha  partide  has  a  mass  of  the  order  of  magnitude  of 
about  twice  that  of  the  hydrogen  ion,"  and  (pp.  73-96)  the  general  state- 
ment that  all  of  the  radioactive  substances  give  off  a^iha  rays.  This 
last  statement  is  later  qualified  when  specific  radiodements  are  discussed 

The  reviewer  found  many  points  to  which  exception  could  be  taken. 
While  the  book  contains  much  interesting  matter  for  the  general  reader, 
there  is  much  which  is  now  superfluous,  and  the  inadequate  revision  has 
been  such  as  to  lead  to  the  possibility  of  confusion  to  the  reader.  It  is 
no  simple  task  to  revise  such  a  work  so  as  to  bring  it  down  to  date,  and 
the  method  which  has  been  adopted  in  this  book  of  adding  a  few  lines 
at  the  end  of  the  chapter  is  exceedingly  poor.  It  is  the  reviewer's  opinion 
that  this  work  as  presented  in  the  first  edition  is  far  better  than  in  this 
so-called  revised  edition,  since  in  a  "revised  edition"  one  would  infer  that 
the  work  had  been  revised,  and  this  is  decidedly  not  the  case. 

C.  H.  Viol. 
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Although  many  scientific  activities  have  been  interrupted  by  the  Euro- 
pean war,  a  fair  number  of  atomic-weight  determinations  have  appeared 
since  the  report  for  19 15  was  prepared.     They  are,  briefly,  as  follows: 

Carbon. — Richards  and  Hoover^  neutralized  sodium  carbonate  with 
hydrobromic  acid  which  had  been  standardized  against  silver.  In  this 
way  the  ratio  of  carbonate  to  silver  was  determined.  With  Ag  =  107.88, 
Br  =  79.916  and  Na  =  22.995,  C  =  12.005. 

Sulfur. — Atomic  weight  also  determined  by  Richards  and  Hoover,* 
who  measured  the  ratio  between  sodium  carbonate  and  sulfate.  With 
the  values  previously  assigned  to  sodium  and  carbon,  S  =  32.060. 

Iodine. — ^By  the  direct  analysis  of  iodine  pentoxide,  Guichard'  finds 
I  =  126.92. 

Copper. — ^The  electrolytic  ratio  between  copper  and  silver  has  been 
remeasured  by  Shrimpton,*  with  Ag  =  107.88,  Cu  =  63.563,  as  the  mean 
of  ten  determinations. 

*  This  Journal,  37,  95. 
*/Wrf.,  37,  J08. 

'  Compt.  rend.,  159,  185. 

*  Pfoc.  Phys.  Soc.  London,  26,  292. 
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Nickel. — Oechsner  de  Coninck  and  Gerard,^  by  reduction  of  nickel 
oxalate  in  hydrogen,  find  Xi  =  58.57.     Few  details  are  given. 

Cadmium. — By  the  electrolysis  of  cadmium  chloride  Baxter  and  Hart- 
mann^  find  Cd  =  112.417.  This  confirms  the  earlier  work  of  Baxter 
and  his  colleagues,  and  gives  cadmium  a  much  higher  value  than  was 
found  by  Hulett. 

Mercury. — By  the  synthesis  of  mercuric  bromide  Baker  and  Watson' 
find  Hg  =  200.57,  when  Br  =  79.92.  This  value  is  near  that  found  by 
Easley. 

Lead. — By  the  analysis  of  lead  bromide  Baxter  and  Thorvaldsen* 
find  Pb  =  207.19.  With  the  chloride,  Baxter  and  Grover*  obtained 
the  value  207.21,  and  with  the  bromide,  207.19.  These  determinations 
were  made  with  normal  lead  from  widely  separated  and  dissimilar  sources, 
and  are  highly  concordant. 

The  value  Pb  =  207.20  will  be  adopted  in  the  table  of  atomic  weights. 

Lead  from  radioactive  minerals,  however,  has  been  found  to  differ 
in  atomic  weight  from  ordinary  lead.  For  lead  from  thorite  Soddy  and 
Hyman*  found  atomic  weights  ranging  from  208.3  ^  208.5.  Maurice 
Curie^  studied  lead  from  pitchblende,  carnotite,  and  yttrotantalite,  and 
obtained  values  from  206.36  to  206.64.  Lead  from  monazite  and  galena 
was  more  nearly  normal.  Honigschmid  and  Horowitz*  studied  lead  from 
pitchblende,  and  by  analyses  of  the  chloride  found  Pb  =  206.735.  Rich- 
ards and  Lembert*  made  six  series  of  analyses  of  lead  chloride  prepared 
with  lead  derived  from  carnotite,  thorianite,  pitchblende  and  uraninite, 
the  mean  values  being  Pb  =  206.59,  206.81,  206.83,  206.57,  206.86,  and 
206.36-  These  figures,  although  each  series  is  concordant  within  itself, 
show  that  radio  lead  is  variable  in  its  atomic  weight,  and  that  the  single, 
definite  metal  is  yet  to  be  completely  isolated.  Indeed,  the  relations 
between  radio  lead  (or  leads)  and  ordinary  lead  are  still  obsciu*e. 

Tin. — Briscoe,*®  by  analyses  of  the  tetrachloride  SnCU  finds  Sn  = 
118.70,  when  Ag  =  107.88  and  CI  =  35457.  This  new  value,  which  was 
determined  with  all  modem  precautions,  will  be  adopted  in  the  table. 

Tantalum. — Sears  and  Balke,*^  in  a  preliminary  series  of  determinations 

^  Compt.  rend.,  158,  1345. 
2  This  Journal,  37,  113. 

*  J.  Chem.  Soc.,  107,  63. 

<  This  Journal,  37,  1021. 

*  Ilrid.,  37,  1027. 

•  J.  Chem.  Soc,  105,  1402. 
^  Compt.  rend.,  158,  1676. 
'  Z.  Electrochem.,  20,  457. 

•  This  Journal,  36,  1329. 
'"  J.  Chem.  Soc,  107,  63. 

*'  This  Journal,  37,  839. 
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of  the  ratio  between  TaCU  and  Ag,  obtained  values  for  Ta  ranging  between 
180.90  and  182.14.    The  research  is  to  be  continued. 

Praseodymium, — Baxter  and  Stewart,^  in  a  long  series  of  concordant 
analyses  of  the  chloride  PrCls,  find  Pr  =  140.92.  The  rotmded-ofif 
figure  140.9  will  be  adopted  here. 

International  Atomic  Weights,  19 16. 


Atomic 

Symbol.  weight. 

Alummuin Al  27.1 

Antimony Sb  120.2 

Argon A  39-88 

Arsenic As  74-96 

Barium Ba  137  -37 

Bismuth Bi  208.0 

Boron B  11. o 

Bromine Br  79-93 

Cadmium Cd  112.40 

Caesium Cs  132.81 

Calcium Ca  40.07 

Carbon C  12.005 

Cerium Ce  140.25 

Chlorine CI  35  -4^ 

Chromium Cr  52 .0 

Cobalt Co  58.97 

Columbium Cb  93 .5 

Copper Cu  63.57 

Dysprosium Dy  162 . 5 

Erbium Er  167 . 7 

Eturopitun Eu*  152.0 

Fluorine F  19.0 

Gadolinium Gd  157  -3 

Gallium Ga  69.9 

Germanium Ge  72.5 

Gludnum Gl  9.1 

Gold Au  197-2 

Helium He  4.00 

Holmium Ho  163.5 

Hydrogen H  i  .008 

Indium In  114.8 

Iodine I  126.92 

Iridium Ir  193 .  i 

Iron Fe  55.84 

Krypton Kr  82.92 

Lanthanum ha,  139-0 

Lead Pb  207.20 

Lithium Li  6 .  94 

Lutecium Lu  175. o 

Magnesium Mg  24.32 

Manganese Mn  54-93 

Mercury Hg  200.6 

*  This  Journal,  37,  516. 


Atomic 
Symbol.        weight. 

Molybdenum Mo  96.0 

Neodymium Nd  i44*3 

Neon Ne  20.2 

Nickel Ni  58.68 

Niton  (radium  emanation) . . . .  Nt  222.4 

Nitrogen N  14.01 

Osmium Os  190.9 

Oxygen    O  16.00 

Palladium Pd  106.7 

Phosphorus P  31-04 

Platinum Pt  195 . 2 

Potassitmi K  39- 10 

Praseodymium Pr  140.9 

Radium Ra  226.0 

Rhodium Rh  102 . 9 

Rubidium Rb  85-45 

Ruthenium Ru  loi  .7 

Samarium Sa  150.4 

Scandium Sc  44.1 

Selenium Se  79 . 2 

Silicon Si  28 . 3 

Silver Ag      *     107  -88 

Sodium Na  23.00 

Strontium Sr  87 .63 

Sulfur S  32.06 

Tantalum Ta  181 .5 

Tellurium Te  127.5 

Terbium Tb  159. a 

Thallium Tl  204.0 

Thoritun Th  232.4 

Thulium Tm  168.5 

Tin Sn  118. 7 

Titanium Ti  48.1 

Tungsten.., W  184.0 

Uranium U  238.2 

Vanaditun V  51.0 

Xenon Xe  130.2 

Ytterbium  (Neoytterbiiun) . .  Yb  1 73  •  5 

Yttrium Yt  88.7 

Zinc Zn  65.37 

Zirponium Zr  90.6 
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Ytterbium. — Blumenfeld  and  Urbain/  in  a  series  of  analyses  of  the 
sulfate  YbiCSOOs-SHsO,  find  Yb  «  173.54.    This  may  be  rounded  off 

to  1735- 
Uranium. — Honigschmid,^  from  analyses  of  the  bromide  UBr^,  findi' 

U  =  238.18.    The  value  238.2  may  properly  be  adopted. 

At  the  meeting  of  the  International  Congress  of  Applied  Chemistrjt. 

in  191 2,  a  resolution  was  passed  favoring  delay  in  changes  in  the  table  oi 

atomic  weights.     In  accordance  with  the  desire  so  expressed,  no 

have  since  been  made,  but  several  now  seem  to  be  necessary. 

relate  to  C,  S,  He,  Sn,  Pb,  Ra,  U,  Yt,  Pr,  Yb,  Lu,  and  U.    The 

for  the  changes,  which  are  small,  may  be  found  in  this  and  the 

preceding  reports.    They  are  based  upon  new  determinations,  which 

to  be  better  than  the  old.  • 

(Signed)  P.  W.  Clarkb, 

T.  E.  Thorfb, 

W.   OsTWAU>. 

Note. — Professor  Urbain,  because  of  an  official  connection  with 
military  service  of  France,  is  debarred  from  signing  any  inl 
report  dtuing  the  war.     Otherwise  he  would  approve  this  report. 

P.  W.  C. 
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THE  VAPOR  PRESSURE  OF  THALLIUM  AMALGAMS. 

By  Jobi.  H.  Hildbbrand  and  Eucon  Dwiobt  BAaniAN. 
Receiyed  September  3.  1915. 

The  work  presented  in  this  paper  is  in  continuation  of  the  series  of  ii 
vestigations  undertaken  by  one  of  us  on  the  laws  of  concentrated 
tions.    The  previous  papers  include  vapor  pressure  measurements 
zinc,'  silver,^  gold/  and  bismuth^  amalgams,  and  also  a  discussion  of  e.  mJ 
measurements  to  be  found  in  the  literature  on  the  amalgams  of 
tin,  lead,  thallium,  indium  and  cadmium.^    We  would  refer  to  the 
papers  for  the  progress  of  the  work  up  to  this  point,  as  well  as  f«"  rcf< 
ences  to  the  literature. 

The  experimental  procedure  was  essentially  the  same  as  that  used 
working  with  bismuth  amalgams,  so  that  it  is  unnecessary  to  repeat 
description  here.    The  thallium  used  was  analyzed  for  lead,  tw^o 
ments  giving  0.3%  and  0.25%,  respectively,  an  amount  of  impmil 
far  too  small  to  have  any  effect  on  these  measurements. 

*  Campt.  rend.,  159,  325. 

*  Z.  Eiectfochem.,  20,  452. 

*  J.  H.  Hildebrand,  Orig.  Comtn,  8th  Intern.  Cangr.  Appl.  Chem.,  aa,  139,  i^ 
Trans,  Am  EUctrochem.  Soc,  aa,  319,  335  (1912);  Tms  Journal,  35,  501  (1913}. 

*  Ennon  D.  Eastman  and  J.  H.  Hildebrand,  This  Journal,  36,  2020  (1914). 
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The  results  of  the  measurements  are  summarized  in  Table  I.  Under  n 
in  the  third  column,  are  given  values  of  the  number  of  mols  of  mercury 
per  mol  of  thallitun.  (In  previous  papers  this  ratio  was  denoted  by  N. 
The  desirability  of  using  the  large  letter  for  the  mol-fraction,  here  n/{n  +  i) 
has  suggested  the  present  change.)  The  letters  p  and  po  denote  the  vapor 
pressure  of  mercury  over  the  amalgam  and  over  pure  mercury,  respec* 
tively.  Instead  of  giving  the  individual  readings  of  the  pressures,  a  num- 
ber of  which  were  made  at  each  concentration,  we  report  the  number 
of  these  observations  and  the  "probable  error"  of  the  mean  values  given 
in  the  table  calculated  by  the  usual  formula. 

Thallitun  amalgams  are  especially  interesting  because  of  the  existence 
of  one,  and,  so  far  as  is  known,  only  one  compound  in  the  solid  state. 
The  freezing-point  measturements  of  Kumakow^  show  very  clearly  the 
separation  of  a  solid  compoimd  of  the  composition  TlHgs.  We  may  con- 
clude, ftu'thermore,  from  the  absence  of  a  peak  to  the  melting  point  curve 
for  this  compound,  that  it  is  considerably  dissociated  in  the  liquid  amal- 
gam. The  addition  of  either  mercury  or  thallium  to  the  liquid  having  a 
composition  corresponding  to  TlHgs.  fails  to  lower  its  freezing  point  very 
much,  indicating  that  the  substance  added  is  already  present  to  a  large 
extent  in  the  liquid,  and  hence  a  further  addition  does  not  produce  the 
increase  in  concentration  that  would  be  produced  if  the  compound  were 
but  slightly  dissociated.  The  existence  of  TlHgs  in  dilute  liquid  amal- 
gams has  been  further  concluded  by  G.  McP.  Smith^  on  the  basis  of  the 
rate  of  diffusion  of  thallium  in  mercury.  However,  the  application  of 
Raoult's  law  to  the  e.  m.  f.  of  dilute  amalgams  has  been  shown  by  one  of 
us'  to  indicate  the  existence  of  TlHgc,  breaking  down  in  some  way  as  the 
amalgams  become  more  concentrated. 

Tablb  I. 


No.  of 

Prab. 

Wt,TL 

Wt.  Hg. 

n. 

n/n  +  1. 

obfl. 

Temp. 

P/P.  obs. 

error. 

P/P.  cole. 

I  673 

36.408 

22.1 

0.957 

6 

329.0 

0.955 

0.0003 

0.952 

1. 163 

18.70 

16.35 

0.942 

5 

327.4 

0.938 

0.0004 

0.935 

1-673 

17.68 

10.74 

0.915 

5 

328.3 

0.901 

0.0004 

0.901 

1. 163 

9  554 

8.35 

0.893 

5 

327.5 

0.875 

0.0004 

0.874 

3.207 

16.10 

5.12 

0.836 

5 

322.9 

0.803 

0.0003 

0.803 

3  207 

9.069 

2.87- 

0.742 

5 

327.5 

X>.690 

0.0003 

0.691 

4.162 

8.097 

1.978 

0.664 

5 

326.1 

0.602 

0.0004 

0.603 

3.207 

5.029 

1.590 

0.614 

5 

327.6 

0.548 

0.0005 

0.550 

7  390 

7.196 

0.990 

0.497 

6 

325.2 

0.433 

0.0006 

0.433 

7.720 

4  033 

0.531 

0.347 

10 

327.1 

0.293 

O.OOII 

0.293 

7.221 

1.796 

0.253 

0.202 

8 

324.0 

0.166 

0.0016 

0.166 

It  will  be  seen  from  the  measurements  in  Table  I,  and  from  their  graphic 

'Z.  anorg.  Chem.,  30,  86  (1902). 
'  Tbis  Journai.,  36,  847  (1914). 
*Loc.cU, 
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representation  in  Pig.  i,  that  the  relative  vapor  pressures  of  the  amal- 
gams, plpo^  are  always  less  than  the  apparent  mol-fraction  oi  mennirj 
in  the  amalgam,  instead  of  equal  to  it,  if  Raoult's  law  held  in  its  simplest 
form.  The  deviation  is  in  the  direction  that  we  should  expect  if  a  conHJ 
pound  were  formed  reducing  the  mol-fraction  of  free  mercury.  If 
formation  of  TlHgs  in  the  liquid  were  complete,  then  there  would 
n  —  2  mols  of  free  merciuy  and  Raoult's  law  would  give  plpo  —  («  —  2)] 
(n —  i).    This  equation  makes  plpo  much  less  than  is  found  by  experi-- 


Fnm  £MF.  SCC 


0.4 


0.2 


Po 


l/(»  +  l). 


Pig.  I. 


ment,  so  that  we  next  assumed  that  this  same  compound  is  formed 
tially.     Representing  by  z  the  number  of  mols  of  TlHgj  formed  from 
mol  of  thallium  and  n  mols  of  mercury,  we  would  have  present  in  the 
tion  I  —  z  mols  of  thallium  and  n  —  22  mols  of  mercury,  the  total  ni 
ber  of  mols  being  n  —  2z  +  i.     Since  the  three  substances  are  in 
librium   according   to  the  equation  Hg  +  2TI  =  TlHg2,  we  can  aj 
the  mass-law,  using  mol  fractions  for  concentrations,  obtaining  the  equatii 

(i  —  z){n  —  2zy  =  Yiz{n  —  2z  +  i)*  (i) 

By  Raoult's  law  in  its  corrected  form  we  have 
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Prom  these  two  equations  it  is  possible  to  eliminate  2,  giving  p/po  in 
terms  of  K  and  n.  It  is  mathematically  simpler,  however,  to  assign 
values  to  z  and  solve  separate  simultaneous  equations  for  p/po  and  n. 
For  this  purpose  we  can  combine  the  above  equations,  obtaining 

p    ^      Kg 

po         \—z 

and  to  get  n  we  can  transpose  Equation  2,  getting 

n  «  20  + 


{pofp)  —  I 

In  Fig.  I  the  dotted  curve  gives  the  resulting  values  putting  K  =  i .  3. 
It  is  obvious  that  there  is  an  approximate,  but  by  no  means  perfect,  agree- 
ment with  the  experimental  values.  The  actual  pressures  are  less  than 
given  by  the  equation,  probably  at  the  concentrated,  and  certainly  at 
the  dilute,  end  of  the  curve.  A  change  in  the  value  assumed  for  K  would 
not  help  matters.  Making  the  curve  fit  at  the  ends  would  throw  it  dH 
at  the  middle. 

It  is  not  unreasonable,  however,  that  there  should  be  this  deviation 
from  the  simple  assumption  of  TlHgs.  The  well-known  analogy  between 
thallium  and  the  alkali  metals  makes  it  natural  to  consider  the  possibility 
of  compounds  containing  more  mercury  than  TlHgs,  for  in  addition  te 
the  very  stable  NaHgt  and  KHgs,  there  exist  solid  compotmds  contain- 
ing several  more  atoms  of  mercury  per  atom  of  alkali  metal.  It  is  not 
milikely,  therefore,  that  some  higher  thallium-mercury  compound  exists 
in  the  liquid  amalgam,  and  it  may  be  added  that  the  freezing-point  meas- 
urements of  Kumakow  are  not  numerous  enough  to  exclude  even  the 
possibility  of  its  existence  in  the  solid  form.  The  existence  of,  say, 
TlHgj,  would  explain  the  deviation  from  the  calculated  curve  in  the  di- 
lute amalgams. 

A  quite  different  explanation  would  be  that  Raoult's  law,  even  when 
modified  to  accotmt  for  chemical  reactions  in  the  solution,  is  not  able  to 
express  the  vapor  pressiu-e  accurately.  This  kind  of  deviation  has  been 
discussed  in  connection  with  bismuth  amalgams,  also  in  a  paper  by  one 
of  us  on  the  entropy  of  vaporization,*  and  will  be  again  referred  to  later. 

It  is  very  important  to  compare  the  results  of  the  above  vapor  pressure 
measiu-ements  with  the  measurements  of  the  e.  m.  f.  between  thallium 
amalgams  of  different  concentration,  published  by  Richards  and  Wil- 
son,* and  Richards  and  Daniels.'    The  evidence  as  to  the  constitution 

*  Joel  H.  Hildebrand,  This  Journal,  37,  970  (1915). 

*PttA.  Carnegie  Inst.  Wash.,  118;  Z.  physik.  Chem.,  7a,  129  (1910). 

'  Trans.  Am.  Eleclrochem.  Soc.,  aa,  343  (191 2). 
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of  thallium  amalgams  afforded  by  the  former  measurements  has  beoi 
already  presented  by  one  of  us  ^  by  a  method  which  may  be  outlined  bridlf 
as  follows :  i 

If  one  mol  of  thallium  combines  with  m  mols  of  mercury  in  an  amal; 
containing,  altogether,  one  mol  of  thallium  and  n  mols  of  mercury, 
there  would  be  present  n  —  m  mols  of  free  mercury  and  one  mol  of 
pound,  or  a  total  oi  n  —  m  +  i  mols.     Applying  Raoult*s  law  to 
we  get 

£  =       ^-*^     .  (3). 

po        n  —  m  +  1  i 

Now,  it  has  been  shown  in  the  first  papers  on  amalgams  that  the  foM 
ing  exact  equation  applies  to  the  e.  m.  f .  of  concentration  cells  of  this  typl 

jrEF  =  RT/n  dlnp  (4) 

Here  v  denotes  the  valence  of  the  metal  dissolved  in  the  mercury.  Tj 
other  letters  have  their  usual  significance  in  this  connection.  Integrati 
this  with  the  aid  of  the  preceding  relation  between  n  and  p  we  obd 
the  expression  4 

,-EF  =  RT m  In  *'^^=^  -  RT(m -  i)  In ^*-»'  +  \       (j) 

fii  —  m  «i  —  w  +  I 

This  formula  has  been  applied  to  the  measurements  of  Richards  and 
son  in  the  earlier  papers,  and  has  been  shown  to  give  very  good 
when  w  is  5  or  6,  indicating  the  presence  of  TlHg^  or  TlHg«  in  the 
dilute  amalgams.     Since  then,  however,  the  single  measurement  re] 
by  Richards  and  Daniels  has  been  considered.    They  find,  at  30^, 
e.  m.  f.  of  76.3  mv.  between  a  pair  of  amalgams  containing  3.71 
and   21.722%   of  thallium,   respectively.     Calculated  by   the  equal 
for  an  ideal  solution, 

vEF  ^RTln"^^', 

fii  +  I 

this  should  be  46.0  mv.,  and  calculated  for  TlHgj,  by  putting  m 
in  Equation  5,  we  get  81.0  mv.     We  could  conclude  from  this  e\id< 
that  in  the  most  concentrated  amalgams  even  TlHgj  is  somewhat 
ciated. 

Where  several  partly  dissociated  solvates  exist  together  in  solut 
the  application  of  Raoult's  law  to  the.  integration  of  Equation  4 
exceedingly  complicated,  and  with  no  external  evidence  for  the  f( 
of  any  of  these  solvates  except  TlHg2,  any  such  calculation  would 
be  worth  the  time  and  labor  it  would  involve.        . 

It  is  possible,  however,  to  make  a  further  ana  exact  comparison 
tween  vapor  pressure  and  e.  m.  f.  data,  and  we  shall  find  that  the 
*  Hildebrand,  This  Journal,  35,  501  (1913). 
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tioa  from  Raoult's  law  is  of  the  same  type  in  both  cases,  the  difference 
being  due  only  to  the  difference  in  temperature  at  which  the  two  sets 
of  measurements  were  carried  out. 

In  the  discussion  of  the  results  with  bismuth  amalgams  we  have  shown 
that  the  equation  of  Van  Laar^  for  the  vapor  pressure  of  liquid  mixtures 
can  be  used  very  satisfactorily  as  an  empirical  equation,  probably  to  fit 
any  type  of  vapor  pressure  curve.    We  will  write  it  as  follows: 


^(H-«»)«  = ll—  lod+f")*  (6) 

po        «  +  I  n  +  I 

where  a,  6,  and  c  are  constants  and  e  the  base  of  natural  logarithms.  It 
was  found  that  the  observed  vapor  pressures  were  given  very  closely  in- 
deed on  putting  a  =  — 0.0960  and  c  =  0.263  iii  this  equation.  The  values 
shown  in  the  last  column  of  Table  I  were  thus  obtained  and  may  be  re- 
garded as  the  "smoothed  out**  observations  given  in  the  seventh  column- 
of  the  same  table.  The  close  agreement  attests  the  accuracy  of  the  ex- 
perimental work.  If  this  form  of  vapor  pressure  equation  is  used  to  in-, 
tegrate  the  fundamental  e.  m.  f.,  Equation  4,  one  obtains  the  following 
equation: 

.EF  =  RT  In  !??dli  +  0.4343  -  RT  \l±^SrL  -  ±±Jf!^l   (7) 

m  +  I  ^^^^  c  L(i  +  cn^y        (I  +  cn,)U 

This  equation  is  found  to  fit  the  results  of  Richards  and  his  co-workers 
very  accurately  when  we  take  a  =  — o.  1791  and  c  =  0.345,  the  simpli- 
fied expression  being  then,  for  30**, 

^            ,         -«2+T,          ^  ^     [    ^  +  0.69W1                 T  +  o.69««    1 
E  =  0.06012  log h  0.06069  I — -  I 

ni  +  I  L(i  +  o.345ni)2         (i  +  o.345«2)*J 

The  first  term  of  the  right-hand  member  of  this  equation  represents 
the  e.  m.  f.  of  the  ideal  solution,  obeying  Raoult's  law  in  its  simplest  form. 

Table  II. 


%T!. 

ft. 

0.1575 

644.6 

0.2294 

442.3 

0.5249 

192.7 

1.846 

54.08 

3  736 

26 . 204 

21.722 

3.6649 

B  (mv. 

at  30*). 

Obscrv. 

Calc. 

10.09 

10.39 

22.61 

22.61 

37.13 

37.07 

76.31  76.32 

The  figures  in  Table  II  give  the  results  in  millivolts  between  each  pair 
of  concentrations.*  It  will  be  seen  that  the  agreement  between  the  cal- 
culated and  observed  values  is  excellent  throughout  the  entire  range  of 

*  Z.  physik.  Chem.,  72,  723  (1910);  82, 599  (1913)- 

'  A  slight  error  made  throughout  in  the  values  for  n  in  the  earlier  papers  has  been 
here  corrected,  which  accounts  for  the  slight  dififerences.  The  influence  on  the  values 
for  e.  m.  f.  is  negligible. 
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concentration  represented  by  the  data.  The  graphic  comparison  is  per- 
haps more  striking,  as  given  in  Fig.  2.  The  four  curves  give  the  devia- 
tion of  the  e.  m.  f .  from  Raoult's  law  according  to  the  assumption  of  corn- 


log  n. 


Pig.  2. 


i 


plete  formation,  first,  of  TlHge,  second,  of  TlHga,  third,  according  to  tl 
actual  measurements  from  the  Harvard  laboratory  at  30**,  and  fourd 
calculated  from  the  values  of  a  and  c  which  fit  the  vapor-pressure  ma^ 
urements  at  327°.  j 

By  means  of  empirical  Equation  6  we  can  also  plot  the  vapor-pressfl^ 
curve  which  would  be  obtained  at  30**,  using  for  the  purpose  the  vali 
of  a  and  c  which  give  the  e.  m.  f.  curve  at  that  temperature,  according 
Equation  7.  The  result  is  seen  in  the  broken  curve  in  Fig.  i.  The 
ence  between  the  curve  at  high  and  at  low  temperature,  as  would  be 
pected,  is  in  the  direction  of  greater  solvation  at  the  lower  tempera) 
The  substantial  agreement  as  to  type  justifies  the  belief  that  we  now  hai^ 
at  both  temperatures,  very  accurate  information  on  both  the  vapor  prd 
sure  and  the  free  energy  of  dilution  of  thallium  amalgams.  j 

One  more  fact  remains  to  be  pointed  out  in  connection  with  the  e.  nt j 
equation.  In  previous  publications  objection  has  been  made  to  the  Cai^ 
equation 


V 


EF 


RT  hi  5  +  U, 


where  U  is  the  heat  of  dilution,  on  the  ground  that  any  exact 
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must  be  made  by  altering  the  term  RT  In  ct/ci  so  as  to  make  it  an  exact 
expression  of  the  free  energy  of  dilution,  as  is  the  case  with  the  term 
¥Fe  have  used, 

vKT  ^  f  ndlap. 

It  is  hard  to  see  how  the  integration  of  this  could  give  any  such  expression 
as  is  found  in  the  Cady  equation.  It  must  be  noted,  however,  that,  con- 
trary to  first  impressions,  the  logarithmic  term  need  not  be  the  only  one 
resulting  from  the  integration  of  the  diflferential.  If  the  vapor-pressure 
equation  used  to  connect  p  and  n  in  making  the  integration  contains 
an  exponential  term,  as  is  the  case  with  the  van  Laar  equation  (6),  then 
an  equation  of  the  Cady  type  is  obtained.  It  is  important  to  note  that 
the  van  Laar  equation  and  the  Cady  equation  are  equivalent  to  each 
other,  for  the  exponent  in  the  van  Laar  equation  is  intended  as  an  ex- 
pression for  the  partial  heat  of  dilution.  Prom  the  exhaustive  tests  of  the 
Cady  equation  by  Richards  and  his  co-workers  it  is  evident  that  this 
equation,  and  therefore  the  van  Laar  equation  as  well,  corrects  for  part, 
but  not  all,  of  the  deviation  from  the  simple  law  of  the  ideal  solution. 
In  fact,  it  would  be  rather  surprising  if  these  equations  were  to  be  found 
exact,  as  the  correcting  term  should  undoubtedly  be  a  free  energy  term 
and  not  a  heat  term,  the  other  terms  being  free  energy  terms.  That  this 
is  true  of  the  van  Laar  equation  will  be  more  evident  if  it  is  written  in  the 
equivalent  form, 

RT  hi  p/po  =  RT  In  N  +  AH, 

where  AH  is  the  partial  molal  heat  of  mixing. 

In  conclusion,  it  may  be  announced  that  one  of  us  is  testing  a  new  equa- 
tion which  promises  to  form  the  necessary  addition  to  the  previous  treat- 
ment by  means  of  Raoult*s  law  which  will  make  possible  an  adequate 
treatment  of  the  theory  of  solutions.  The  new  expression  uses  a  work 
term  in  place  of  the  heat  term,  the  wwk  being  that  done  by  expansion 
against  the  internal  pressure  K,  when  one  mot  of  a  liquid  having  a  molal 
volume,  V,  in  the  pure  state  is  mixed  with  an  infinitely  large  amount  of 
solutiim  in  which  its  molal  fraction  is  N  and  its  partial  molal  volume  is 
V.    The  equation  may  be  written  either 

RT  In  ^  =  RT  In  N  +  K(V  —  V), 

Po 

or 

£  =  Ne^T<^-v) 

po 

Experimental  proof  of  the  value  and  scope  of  this  equation  will  be  de- 
ferred till  a  future  publication. 

BnMMtMY,  Cm,. 
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TASSIUM HYDROXIDES  IN  THE  PRESENCE 
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If  the  law  of  mass  action,  as  usually  formulated,  holds  for  solutions 
containing  more  than  one  electrol3rte,  the  addition  of  a  salt  should  de- 
crease the  hydrogen-ion  concentration  of  a  solution  of  an  add  and  the 
hydroxyl-ion  concentration  of  a  solution  of  a  base.  There  is  evidence, 
however,  which  seems  to  indicate  that  these  hydrogen-  and  hydroxyl- 
ion  concentrations  are  not  decreased  but  increased  by  the  additions  of 
neutral  salts. 

Prom  the  conductance  of  solutions  of  acetic  add  containing  varying 
quantities  of  neutral  salts,  Arrhenius^  conduded  that  the  dissociation 
of  the  add  was  increased.  This  evidence  is  not  convindng,  since  so  many 
disturbing  factors  may  influence  the  results  obtained  by  this  method. 
Arrhenius  further  found  that  the  addition  of  potassium  chloride  to  a  solu- 
tion of  hydrochloric  add  increased  its  power  of  inverting  cane  sugar  solu- 
tions. He  pointed  out  that  this  was  probably  due  to  the  increase  in  disso- 
ciation of  the  add.  The  cause  of  this  phenomenon  has  not  been  explained 
satisfactorily,  but  the  suggestion  that  the  undissodated  molecules  exert 
an  influence  on  the  velocity  of  the  transformation  has  afforded  the  best 
explanation  yet  offered.^ 

If  accurate  data  coidd  be  obtained  on  the  hydrogen-ion  concentrations 
of  such  solutions,  a  dedded  advance  would  be  made  toward  a  more  com- 
plete solution  of  the  problem.  In  view  of  the  fact  that  none  of  the  above- 
mentioned  evidence  is  direct,  Loomis  and  Acree'  attempted  to  measure 
the  hydrogen-ion  concentrations  of  solutions  of  acetic  add  containing 
potassium  chloride  by  means  of  the  hydrogen  electrode.  Prom  the  elec- 
tromotive force  of  the  cells: 

(i)  Hg  I  HgCl  I  KCl  (o.i  M)  I  saturated  |  acetic  add  (0.25  M)  |  Hi 

NH4NO,         +  KCl 
and 

(2)  Hg  I  HgCl  I  KCl  (0.1  Af)  I  saturated  |  acetic  add  (0.25  M)  I  Hi 

KCl  +  KCl 

they  obtain  the  following  results: 

*  Z.  physik.  Chem.,  31,  197  (1899). 

*  Taylor,  Tms  Journal,  37,  551  (1915)- 

*  Am,  Chem.  /,,  46,  632  (191 1). 
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Mols  of  KCl  per  liter 0.000  0.05  o.i  0.5  2.06 

E.  m.  f.  of  (i) 0.4907        0.4919        0.4927        0.4944        0.4984 

E.  m.  f.  of  (2) 0.4930        0.4928        0.4918        0.4894        0.4857 

According  to  the  theory  of  this  cell,  an  increase  in  electromotive  force 
indicates  a  decrease  in  the  hydrogen^on  concentration,  if  the  diange  in 
electromotive  force  is  produced  sotely  at  the  contact  of  the  molecular 
hydrogen  and  its  ions.  There  is,  however,  an  electromotive  force  pro- 
duced at  the  boundary  of  the  acetic  acid  and  contact  solutions,  which, 
as  shown  by  the  above  results,  changes  on  the  addition  of  potassium 
chloride.  When  ammonitun  nitrate  is  used  as  a  contact  substance,  the 
electromotive  force  rises  on^  the  addition  of  potassium  chloride;  when  a 
saturated  solution  of  potassium  chloride  is  used,  the  electromotive  force 
falls.  Of  the  two  series  of  results  obtained  by  Loomis  and  Acree,  the  one 
in  which  potassitun  chloride  was  used  as  a  contact  substance  is  the  more 
reliable,  for  the  reason  that  saturated  potassium  chloride  was  shown  by 
them  to  be  a  better  solution  for  the  elimination  of  liquid  potential  than 
saturated  ammonium  nitrate.^  If  this  second  series  be  taken  to  repre- 
sent approximately  the  change  in  electromotive  force  of  the  hydrogen 
electrode,  the  hydrogen-ion  concentration  of  the  acid  has  been  increased 
considerably  by  the  addition  of  potassium  chloride. 

In  these  measurements  it  is  obvious  that,  under  all  conditions,  there 
will  be  an  effect  due  to  mass  action  which  wiH  tend  to  decrease  the  hydro- 
gen-ion concentration;  secondly,  liquid  potential  at  the  solution  surfaces 
will  influence  the  electromotive  force  of  the  cell;  and  thirdly,  there  may  be 
an  increase  in  hydrogen-ion  concentration  independent  oi  mass  action 
and  liquid  potential. 

In  this  investigation;  the  hydrogen  electrode  was  used  in.  determining 
the  change  in  hydrogen-ion  concentration  in  solutions  of  hydrochloric 
add,  potassium  and  sodium  hydroxides  on  the  addition  of  different  quan- 
tities of  neutral  salts.  It  was  known  that  the  change  in  liquid  potential 
would  be  a  troublesome  factor  in  these  determinations,  but  it  was  thought 
that  some  light  might  po^bly  be  thrown  on  this  source  of  error. 

General  Theory. 

The  original  formula  for  the  electromotive  force  of  a  cell  of  the  type 

Hg  I  HgCl  I  KCl  m\\'  HCl  (ci)  I  H2, 

as  given  by  Nemst  was 

E  =  Eo  +  0.0591  log  i/cu  (i) 

where  E  is  the  observed  dectromotive  force,   Eo   is  the  electromotive 
force  of  the  cell 

Hg  I  HgCl  I  KCl  (M)  II  H+  (M)  |  H,  (2) 

^  See  also  Bjerrum,  Z.  pkysik.  Chem.,  53,  428  (1905). 

'  Double  line  indicates  that  liquid  potential  has  been  eliminated. 
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and  Ci  is  the  concentration  of  the  hydrogen  ions  at  the  hydrogen  sm&oe 
in  (i).  Lewis^  has  pointed  out  that  the  function  cu  calculated  according 
to  this  formula,  is  not  equal  to  the  concentration  of  the  ion  in  sohiticiB 
which  are  at  all  concentrated.  For  this  reason  he  differentiates  this 
function  from  the  concentration,  uses  the  term  activity,  and  designates  it 
by  the  symbol  ai.  This  function  equals  the  concentration  in  infiiiitdr 
dilute  solution.  Since  this  investigation  is  a  study  of  the  variatiaa  cf 
the  value  of  this  ftmction,  the  term  activity  of  the  hydrogen  ion  wiD  bei 
used.    The  formula  for  the  cell  becomes 

E  ~  Eo  —  0.0591  log  ai.  (3) 

Now,  suppose  that  on  the  addition  of  salt  to  the  add,  the  electromotiYt 
force  of  the  cell  changes  from  E  to  £1,  then  the  activity  must  have  dianfcd 
from  ai  to  Os,  and,  for  the  second  cell,  the  following  relation  holds: 

El  =  Eo  —  0.0591  log  (h  (4) 

Subtracting  (4)  from  (3),  the  following  equation  is  obtained: 

E  —  El  =  —0.0591  log  Ox  +  0.0591  log  02  =  —0.0591  log  oi/oi   (5) 

Thus,  if  the  activity  of  the  hydrogen  ion  in  the  solution  of  the  add  i^ 

known,  then  from  the  change  in  electromotive  force»  if  liquid  poteatia^ 

has  been  eliminated,  the  activity  in  the  presence  of  the  neutral  salt  caa  l» 

calculated.  j 

Preparation  of  Materials.  . 

It  is  particularly  important  in  making  measurements  with  cells  <rf  HBk 
type  to  have  the  mercury  and  the  calomel  in  the  calomel  electrode  pm 
In  order  to  insure  this,  merctuy ,  after  having  been  washed  ten  times  n 
dropping  through  a  solution  of  nitric  add  containing  mercurous  nitnte 
was  four  times  distilled.  Samples  from  two  successive  distillatioaj 
gave  no  difference  in  electromotive  force  when  tested  by  the  metln 
proposed  by  Hulett.* 

To  prepare  the  calomel,  this  merctuy  was  dissolved  in  distilled  nitiifl 
add,  and,  after  dilution,  the  solution  was  precipitated  by  redistilled  faydm 
chloric  add  and  washed  free  from  add  by  conductivity  water. 

The  sodium,  potassium  and  calcium  chlorides  were  prepcu^  by  tfani 
reprecipitations  of  "analyzed''  materials  by  passing  hydrochloric  adl 
gas  over  the  aqueous  solutions  contained  in  platiniun  dishes  in  the  apj 
paratus  designed  by  Lukens.'  The  sodium  and  potassium  chlondd| 
were  fused  in  platinum,  the  caldum  chloride  was  dried  at  300^.  Ita^ 
were  kept  in  tightiy  stoppered  botties  in  a  desiccator.  \ 

The  strontium  and  barium  chlorides  were  purified  by  rectystalbft* 
tion  from  redistilled  water.    The  hydrated  salts  were  used. 

*  This  Journal,  35,  i  (1913). 

"  Pkys.  Rev.,  ax,  388  (1905). 

»  This  Journal,  35,  1472  (1913)- 
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Lithium  chloride  was  dissolved  in  water  and  the  carbonate  was  pre- 
cipitated by  a  solution  of  ammonium  carbonate.  The  carbonate  was 
washed  with  a  solution  of  ammonium  carbonate  imtil  free  from  chlorides, 
then  dissolved  in  nitric  add.  The  solution  was  evaporated  until  a  large 
portion  of  the  nitrate  separated.  The  latter  was  three  times  recrystallized 
and  finally  converted  to  the  chloride  by  passing  hydrochloric  add  gas 
over  its  solution  in  a  quartz  dish.  The  precipitated  chloride  was  centri- 
fuged  out,  redissolved,  then  reprecipitated  by  hydrochloric  add  gas. 
The  fused  salt  was  used. 

A  pure  grade  of  potassitun  and  sodium  hydroxide  was  used  as  ptu-- 
chased. 

Sodiiun  bromide  was  three  times  recrystallized  from  redistilled  water. 

All  the  water  used  was  redistilled,  first,  from  a  solution  of  alkaline  per- 
manganate; secondly,  from  sulfuric  acid,  through  a  block  tin  condenser. 

Apparatus. 

For  the  measm-ements  in  which  a  saturated  potassium  chloride  solu- 
tion was  used  as  a  contact  between  the  hydrogen  and  calomel  electrodes, 
the  cell  (Pig.  i),  a  modified  form  of  that  used  by  Wilsmore,*  was  found  to 
be  easily  reprodudble  to  within  a  few  tenths  of  a  millivolt.  The  hydrogen, 
prepared  dectrolytically,  was  bubbled  regularly  through  the  solution 
contained  in  A,  and  thence  through  the  hydrogen  electrode  vessd  B.  It 
was  allowed  to  escape  through  the  trap  P  which  was  open  to  the  atmos- 
phere. By  passing  the  gas  through  the  same  solution  in  A  as  in  B,  it 
becomes  saturated  with  the  vapor  of  the  solution,  thus  preventing  evapora- 
tion of  the  solution  in  B. 

A  number  of  dectrodes  made  of  sheet  platinum  covered  with  a  thick 
coating  of  platinum  black,  were  employed,  prepared  according  to  Loomis 
and  Acree.*  All  the  precautions  on  preparing  and  deaning  the  electrodes 
were  taken. 

The  hydrogen  electrode  was  connected  with  the  calomel  dectrode  through 
a  saturated  solution  of  potassium  chloride  contained  in  C.  Between 
measurements,  C  was  lowered  after  the  stopcocks  K  and  L  were  dosed. 
In  this  way,  the  solution  in  C  was  kept  separated  from  the  solutions  in  the 
hydrogen  and  calomel  electrodes.  After  each  meastu'ement  the  tubes 
TT  were  washed  out  by  means  of  the  solutions  contained  in  DD.  In 
this  way  any  contact  solution  was  prevented  from  entering  the  hydrogen 
electrode  and  fresh  surfaces  of  contact  between  all  the  solutions  were 
maintained. 

Connection  with  the  merciuy  in  the  calomel  dectrode  was  made  by 
means  of  a  platinum  wire  sealed  in  the  end  of  tube  M.  The  calomel 
paste,  washed  with  a  solution  of  potassium  chloride  of  the  desired  strength, 

^  Z.  physik.  Chem.,  35,  296  (1900). 
'  Am.  Chem.  J.,  46,  585  (191 1). 
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was  introduced  and  simply  shaken  with  the  mercury  as  directed  by  Lewis.* 
The  whole  cell  was  immersed  in  a  thermostat  up  to  the  level  P.    All 

the  measurements  were  carried  out  at  a  temperature  of  25 .00  ^  o.oi  ^. 
The  electromotive  force  of  this  cell  was  obtained  by  means  of  a  Wolff 

15,000  ohm  potentiometer  and  a  suitable  galvanometer. 

Measurements  of  the  Acid-Salt  System. 
Each  observation  required  from  four  to  five  hours  before  constancy 
was  asstu'ed.    The  following  results  made  with  the  cell 

Hg  I  HgCl  I  KCl  (Af)  I  saturated  KCl  |  HCl  (o.i  M)  \  Hi 

will  show  the  constancy  obtainable  with  the  apparatus  used.  These 
particular  measurements  were  made  to  test  the  reproducibility  of  the 
platinized  sheet  platinum  electrodes.  To  each  measurement  it  is  neces- 
sary to  apply  the  correction,  RT/(2F  In  i/p)  for  the  pressure  of  the  hydro- 
gen, where  p  equals  the  pressure  of  the  gas  in  atmospheres.  This  is  less 
than  the  atmospheric  pressure  by  the  vapor  pressure  of  the  solution. 
At  25 ^  the  vapor  pressure  of  water  is  23.5  mm.  This,  expressed  in 
atmospheres,  subtracted  from  the  barometric  pressure,  gave  the  value 
of  p  which  was  used  in  the  above  formula.  Although  the  vapor  pressure 
of  the  solutions  in  the  hydrogen  electrode  were  less  than  that  of  water, 
the  error  introduced  by  this  substitution  was  less  than  the  error  of  experi- 
ment. 

Tablb  I. — CoMPAiusoN  OP  Elbctrodbs. 


Time. 
(Hoon.) 

E.M.  F. 
(Obs.) 

Corr.  for  the  pres- 
mire  of  H. 

B.  M.  F. 

(Corr.) 

No.  I 

2 

0.34893 

3 

4 
No.  3 

0.34912 
0.34916 

0.00032 

0.34948 

2 

0.34899 

3 

0.34907 

4 
No.  3 

0.34904 

0.00036 

0.34940 

4 
No.  4 

0.34921 

0.00040 

0.34961 

4 

0.34920 

0.00040 

0.34960 

Mean,    0.34952 

From  the  first  two  of  these  results  it  is  seen  that  the  cell  reaches  a  value 
constant  within  0.05  of  a  millivolt  in  four  hours.  AU  observations  were 
carried  out  in  the  same  manner  and  were  only  accepted  when  this  con- 
stancy was  obtained.  The  final  results  are  seen  to  vary  in  the  fourth 
place.  Therefore,  in  what  follows,  they  will  be  expressed  to  o .  i  milli- 
volt only. 

*  This  Journai,,  31,  355  {1909). 
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The  variations  in  the  electromotive  force  of  this  cell  on  the  additka 

of  neutral  salts  to  the  hydrochloric  add  in  the  hydrogen  electrode  are 
given  in  Table  II. 

Tablb  II. 

Gone,  of  salt  B.  M.  P.                  Corr.  for  prenore  B.  M.  F. 

in  mob  perl.  (Oba.)                                 ofH.  (Cttr.) 

No.  I.    H^  1  HfCl  I  KCl  (M)  I  sat.  KCl  1  ZCl  in  HQ  (0.1  M)  \  Hj. 

0.000                         ....                           ....  0.3495 

0.1375  0.3488         0.0004  0.3492 

0.275  0.3487         0.0003  0.3490 

0.550  0.3479         0.QO04  0.3485 

0.825  0.3470         0.0004  0.3474 

1. 100  0.3455         0.0004  0.3459 

1.376  0.3439         0.0004  0.3443 

3.134  0.3322         0.0004  0.3336 

No.  2.    Hg  I  HgCl  I  KCl  (Af)  I  sat.  KCl  |  NaQ  in  HCl  (0.1  M)  \  H,. 

0.000                         ....                            ....  0.3495 

0.186  0.3480         0.0004  0.34S4 

0.562          ,  0.3451             O.00Q3  0.3454 

0.606  0.3450            0.0004  0.3454 

1.488  0.3363             0.0004  0.3367 

No.  3.     Hg  I  HjgCl  I  KCl  (if)  j  sat.  KCl  |  Baai.2H,0  in  HCl  (o.i  M)  \  H^ 

0.000                         ....                            ....  0.3495 

0.092  0.3479                       0.0004  0.3483 

0.185  0.3464                       0.0003  0.3467 

0.277  0.3448                       0.0003  0.3451 

0.461  0.3410                       0.0004  0.5414 

0.500  0.3402                       0.0004  0.3406 

No.  4.     Hg  I  HgCl  I  KCl  (JIf)  I  saturated  KCl  |  SrCls.6H^  in  HCl  (o.i  iO  1  Hj. 

0.000                         ....                            ....  0.3495 

0.185  0.3464                       0.0003  0.3467 

0.093  0.3482                       0.0003  0.3485 

0.278  0.3453                       0.0004  0.3457 

0.324  0.3440                       0.0004  0.3444 

0.463  0.3413                       0.0004  0.3417 

No.  5.     Hg  I  HgCl  I  KCl  (M)  I  saturated  KCl  |  CaCl,  in  HCl  (0.1  JO  |  H,. 

0.000                          ....                            ....  0.3493 

0.132  0-3464                       0.0004  0.3468 

0.260  0.3442                       .0.0004  0.3446 

0.396  0.3413                       0.0004  0.3417 

0.530  0.3385                        0.0004  0.3389 

0.795  0.3322                        0.0003  0.3323 

No.  6.    Hg  I  HgCl  t  KCl  (0.1  M)  \  saturated  KCl  [  LiCl  in  HCl  (0.1  1/)  |  H» 

0.000  0.4004 

0.359  0.3962                       0.0006  0.3968         ^ 

0.717  0.3931                       0.0003  0.3934 

1.077  0.3876                       0.0006  0.3882          I 

1.435  0.3834                       0.0004  0.3838 
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Tablb  n  (continued). 

Cone,  of  Mlt  B.  M.  P.  Corr.  for  i>reMtit«  X.  Mr  F. 

in  mols  per  L  (Obs.)  of  H.  (Corr.) 

No.  7.     Hg  I  HgCl  I  KCl  (o.i  if)  I  saturated  KCl  |  NaBr  in  HCl  (o.i  JIO  |  Hi. 


No.  8.    Hk    HffCl    KCl  (o.i  M)\  saturated  KCl    mannite  m  HCl  (0.1  M)  \  Hs. 


0.000                         .... 

•   •  «   • 

0.4004 

0.285                      0.3980 

0.0004 

0.39S4 

0.855                 0.3942 

0.0003 

0.3945 

1.426                     0.3897 

0.0003 

0.3900 

Hg    HgCl    KCl  (0.1  M) 

saturated  KCl    mannite 

in  HCl  (0.1  M) 

0.000                          .... 

•   •  •   • 

0.4004 

0.116                       0.4000 

0.0004 

0.4004 

0.232                       0.3998 

0.0004 

0 . 4002 

0.464                       0.3995 

0.0004 

0.3999 

0.580                       0.3997 

0.0004 

0.4001 

When  the  solution  of  lithium  chloride  in  hydrochloric  acid  was  meas- 
ured, a  o.  I  ilf  calomel  electrode  was  used  in  order  to  compare  the  results  ob- 
tained by  this  cell  with  those  obtained  by  Loomis  and  Acree.     For  the  cell 

Hg  I  HgCl  I  KCl  (0.1  M)  I  saturated  KCl  |  HCl  (o.i  M)  \  H2 

three  different  electrodes  gave  the  following  values: 

B.  M.  F.  Corr.  for  pressure  B.  M.  F. 

(Obs.)  of  H.  (Corr.) 

0.3999  0.0003  0.4002 

0.4001  0.0003  0.4004 

O.40OZ  0.0004  0.4005 


Mean,    0.4004 

As  a  mean  of  four  measurements  of  the  same  cell,  Loomis  and  Acree 
obtained  0.4001.  This  concordance  is  good  confirmation  of  the  accuracy 
of  the  apparatus  employed  in  this  series  of  measurements. 

In  Experiments  i  to  6,  all  the  salts  introduced  into  the  add  possess 
an  ion  common  with  the  anion  of  the  acid.  To  introduce  a  salt  which 
did  not  possess  a  common  ion,  sodium  nitrate  was  tried,  but  this  was 
found  to  be  reduced  to  ammonia  by  molecular  hydrogen  in  the  presence 
of  platinum  black.    Sodium  bromide  gave  values  imder  No.  7. 

Finally,  in  order  to  have  an  example  of  the  action  of  a  noujelectrolyte, 
mannite  was  introduced  into  the  acid.    The  results  are  given  under  No.  8. 

These  results  can  best  be  interpreted  from  the  plots  (Fig.  2).  Here, 
change  in  electromotive  force  in  volts  is  plotted  against  the  concentra-. 
tion  of  the  salt  in  the  add  expressed  in  gram  equivalents  per  Uter^  A 
drop  in  the  plot  indicates  a  drop  of  potential. . 

The  first  fact  of  importance  to  be  observed  from  these  results  is  tha^t 

in  every  case  there  is  a  fall  in  electromotive  force  while  the  mass-action. 

effect^  would  tend  to  increase  the  electromotive  force  of  the  cell  owing 

^  As  ordiaarily  understood*  where  the  equilibrium  under  consideration  is  assumed 
to  be  between  the  ions  and  the  undissociated  molecules  and  the  equilibrium  between 
ftw  and  the  «rtvwt  is  npt  t^en  into  account. 
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to  a  decrease  in  hydrogen-ion  activity.  Secondly,  since  in  every  case 
the  mobility  of  the  anion  of  the  salt  is  greater  than  that  of  the  catiooi 
addition  of  salt  will  change  the  Uquid  potential  between  the  saturated 
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Pig.  2. — ^HCl-salt  solution  mixtures.  ' 

I 

potassium  chloride  solution  and  the  hydrochloric  acid-salt  scrfution  in  I 
direction  which  will  decrease  the  electromotive  force  of  the  cell.  Til 
question  thus  arises  whether  this  drop  in  potential  is  entirely  due  ij 
liquid  potential. 

A  study  of  the  distribution  of  these  curves  will  afford  evidence 
the  latter  is  not  the  case,  but  that  a  decrease  in  electromotive  fcvce  of 
hydrogen  electrode  (o.  i  M  HCl)  is  produced  by  the  addition  o€ 
salts.    Pig.  3  gives  the  conductance  curves  of  the  alkali  and 
earth  chlorides.^    Here,  equivalent  conductance  is  plotted  against 
concentration  in  gram  equivalents  per  liter.     It  is  obvious  that  there  isi 
analogy  between  the  distribution  of  these  plots  with  those  given  m  Pip. 
The  molecular  conductance  is  a  function  of  the  degree  of  ionizatioo 

^  Prom  the  data  of  Kohlrausch  (iS""). 
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ik  mobilities.  Therefore,  the  di£Ference  between  these  conductance 
lis  for  the  different  salts  is  a  function  of  the  degrees  of  dissociation 
i  the  difference  of  the  mobilities  of  the  cations*  since  in  every  case 
;  anions  are  the  same.  In  like  manner,  the  differences  in  the  electro- 
Ave  force  plots  (Pig.  2)  will  be  a  function  of  the  degrees  of  dissocia- 
D  and  the  differences  between  mobilities  oi  the  cation.  The  meaning 
these  facts  is  obvious*  for  it  is  the  difference  in  the  ionic  mobilities 

A 
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Pig.  3  .—Conductance  plots.     18®. 
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ih  gives  rise  to  the  production  of  a  liquid  potential  between  two  solu- 
surfaces.  This  interpretation  is  borne  out  by  the  experimental 
Its.  The  mobility  of  the  potassium  ion^  is  64.5,  that  of  the  chlorine 
15.5.  These  are  nearly  the  same,  and,  for  this  reason  the  addition 
itasmiim  chloride  would  be  expected  to  produce  only  a  slight  change  in 

J^oyts  and  Palk,  This  Journal,  34,  479  (191 2).     The  mobility  of  the  lithitun 

1 25**  is  not  given  by  Noyes  and  Falk.     For  this  reason,  the  values  at  18**  are  used 

Stnce  ratios  are  desired,  these  values  are  satisfactory  for  the  present  discussion. 
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liquid  potential.  The  mobilities  of  the  sodium  and  lithium  ions,  43.45 
£^d  33 . 3,  respectively,  are  less  than  that  of  the  potassium  ion  and  henoe 
should  give  a  greater  change  in  Uquid  potential  than  does  potassium  chlo- 
ride. This  is  found  to  be  the  case.  Furthermore,  since  from  the  conduc- 
tance data  the  degrees  of  dissociation  of  these  chlorides  are  nearly  the 
same,  the  differences  in  change  of  liquid  potential  produced  by  them  shocdd 
be  in  the  ratios  of  their  ionic  mobilities.  Thus»  the  difference  between 
the  ionic  mobilities  of  the  potassium  and  sodium  ions  is  21.  i,  between 
the  sodium  and  lithium  10.  i.  The  ratio  of  the  difference  between  the 
potassium  chloride  and  sodium  chloride  plots  and  the  sodium  and 
lithitun  chloride  plots  (Pig.  2)  is  found  by  experiment  to  be  approxi- 
mately 2  to  I.  Since  this  ratio  holds,  it  seems  that  the  mass-action 
effects  of  these  chlorides  are  approximately  identical. 

As  a  result  of  this  evidence  there  is  fair  reason  to  assume  that  the  differ- 
ences in  the  distribution  of  these  curves  are  entirely  due  to  differences  in 
change  of  liquid  potential.  The  curve  for  potassium  chloride  now  be- 
comes extremely  interesting,  for,  since  the  ionic  mobilities  in  this  salt 
are  so  nearly  the  same,  practically  no  change  in  liquid  potential  would 
be  expected.  This  argues  for  the  conclusion  that  there  is  a  third  influ- 
ence operating  here,  opposite  in  its  action  to  the  effect  of  mass  action  as 
ordinarily  understood  and  influencing  the  electromotive  force  of  the  cell 
in  the  same  direction  as  the  change  of  Uquid  potential.  Furthermore, 
if  the  differences  in  the  distribution  of  these  plots  is,  as  has  been  assumed 
above,  due  entirely  to  differences  in  liquid  potential,  a  curve  of  zero  liquid 
potential  can  be  predicted.  This  would  be  a  plot  produced  by  a  salt 
which  would  3rield  ions  having  identical  mobilities.  If  the  above  assump- 
tions are  true,  X  will  represent  the  change  in  electromotive  force  of  the 
hydrogen  electrode  produced  by  the  addition  of  salts  to  o.  i  Af  hydro- 
chloric acid. 

The  following  calculations  made  from  plot  X  by  means  of  Formula 
5  will  show  the  increase  in  activity  of  the  hydrogen  ion  in  a  o.  i  M  solu- 
tion of  hydrochloric  acid  on  the  addition  of  a  neutral  salt.  First,  how- 
ever, it  is  necessary  to  determine  the  hydrogen-ion  activity  in  o.iM 
hydrochloric  acid.  From  the  most  recent  and  accurate  work  of  the  hy- 
drogen electrode,  Lewis ^  has  obtained  0.3460  and  0.3980,  respectively, 
for  the  electromotive  forces  of  the  following  cells: 


HCl  (o.i  M)  I  H, 
HCl  (0.01  M)  I  Ht 


Hg  I  HgCl  I  KCl  (Af)  I 

Hg  I  HgCl  I  KCl  (Af)  I 

Furthermore,  he  gives  0.92  as  the  corrected  value  of  the  degree  of  disso- 
ciation of  o.oi  Af  HCl.  On  the  asstunption  that  in  o. 01  Af  solution 
the  activity  equals  the  concentration,  the  activity  of  the  hydrogen  ion 

*  Tms  JouRNAi*,  36, 1969  (1914). 
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in  o.  I  Af  solution  can  be  calculated  t^  Equation  5.    Prom  the  above 
data,  it  is  found  that  the  cell 

H2  I  HCl  (o.i  M)  II  HCl  (0.01  M)  I  H, 

has  an  electromotive  force  of  0.0520  volt.    Hence, 

0.0520  =  0.0591  log  a/0.0092 

and  a  becomes  0.0698. 

TaBLB  III. — ^HVDROGEN-ION  ACTIYITY  PROM  PLOT  X. 

Cone,  of  salt 0.000      0.500      i.ooo      1.500      2.000      2.500      3.000 

a 0.0698    0.0720    0.0778    0.0882    0.1002    0.1149    0.1323 

From  these  data  it  is  seen  that  the  hydrogen-ion  activity  has  been 
nearly  doubled  by  the  presence  of  a  salt  of  3  Af  concentration.  Obser- 
vation of  the  calcium,  strontium,  and  barium  chloride  plots  will  show 
that  the  effect  of  hydration  is  small.  It  is  interesting  to  note  that  the 
excess  of  foiu-  molecules  of  wat?r  of  crystallization  of  the  strontium  chlo- 
ride over  those  of  the  barium  chloride  dilutes  the  solution  sufficiently  to 
render  their  plots  identical.  According  to  the  conductance  curves,  the 
strontium  chloride  plot  should  lie  between  the  calcium  and  barium  chloride 
plots. 

The  Hydroxide-Salt  System. 

From  these  experiments  it  follows  that  the  addition  of  neutral  salts 
to  a  o.  I  M  hydrochloric  add  solution  increases  the  hydrogen-ion  activity 
of  the  solution.  Whether  the  hydroxyl-ion  activity  of  solutions  of  sodium 
and  potassium  hydroxides  is  increased  or  decreased  by  the  addition  of 
neutral  salts,  is  shown  by  the  variations  of  the  cells 

Hg     HgCl  I  KCl  (M)  I  saturated  KCl  j  NaOH  (o.i  M)  \  H, 

Hg     HgCl  I  KCl  (0.1  M)  I  saturated  KCl  j  KOH  (o.i  M)  \  H, 

cm  the  addition  of  neutral  salts  to  the  hydroxides  in  the  hydrogen  elec- 
trode as  can  be  seen  in  the  results  of  Table  IV. 

Tabls  IV. 

Cottc.  of  Mlt  B.  Iff.  p.  Corr.  for  mmart  B.  M.  P. 

in  mols  per  1.  (Obs.)  of  H.  (Corr.) 

No.  I.    Hg  I  HgCl  I  KCl  (Af)  1  saturated  KCl  |  KCl  in  NaOH  (0,1  M)  \  H,. 

0.000  I. 0412  0.0004  I. 0416 

0.386  1-0413  0.0003  I. 0416 

i.i5t  1.0409  0.0004  I-04-I3 

1.928  1.0425  0.0004  1.0429 

No.  2.    Hg  I  HgCl  I  KCl  (M)  I  saturated  KQ  |  NaCl  in  NaOH  (0.1  M)  \  H«. 

0.000                        ....  ....  X  .0416 

0.467  1.0368  0.0004  1.0372 

0.926  X-034I  0.0004  I '0345 

1.402  1.03x8  0.0004  1.0522 

1.869  1. 030s  0.0004  1.0309 

2.337  1.0292  0.0004  1.0296 
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Cone,  of  salt 
in  mob  per  1. 


No.  3.     Hg  I  HgCl 

0.000* 

0.000* 

0.000* 

0.259 

0.518 

1.295 

2.027 

2.978 

No.  4.    Hg  I  HgCl 
0.000 

0.346 
0.692 

1.038 
1.728 

No.  5.     Hg  I  HgQ 

0.000 
0.661 
1.322 

1.983 


Table  IV  {continued). 

(Oba.) 

KCl  (o.i  M)  I  saturated  KO  |  KCl  in  KOH  (0.1  iO  |  H,. 

1. 0941 
X.0940 

1.0943 
1.0929 

1.0927 
1.0933 

1.0945 
1.0986 

KCl  (0.1  Jf)  I  saturated  KCl  |  NaCl  in  KOH  (0.1  U)  \  H,. 


Corr.  for  preaAure 
of  H. 


0.0004 
0.0003 
0.0003 
0.0003 
0.0003 
0.0003 
0.0004 
0.0003 


B.M.P. 

(CflfT.) 


.0945 

.0943 
.0946 

.0932 

.0930 

.0936 

0949 

.0989 


I  .0879 

1.0857 
1.0838 

I. 0814 

KCl  (0.1  Jf) 

•  •  •  • 

I .0803 
1.0709 
1.0629 


0.0003 
0.0004 

0.0004 
6.0004 

saturated  KCl  |  LiCl  in  KOH  (0,1  M)  \  Hs. 


p    •  •   • 

0.0003 
0.0003 
0.0004 


.0943 
.0882 
.0861 

.0842 
.0818 


.0945 
.0806 

.0712 

.0633 


The  plots  of  these  observations  are  given  in  Fig.  4.  Change  in  elec- 
tromotive force  of  the  cell  is  plotted  against  the  concentration  in  mds 
per  liter  of  the  salts  added.  The  electromotive  forces  of  the  cells  when 
no  salts  are  present  in  the  hydroxides  are  zero  on  the  scale  of  ordinates. 

In  the  first  place,  in  the  case  mider  immediate  discussion,  the  change 
in  liquid  potential  and  mass-action  effect  increases  the  electromotive 
forces  of  the  cells.  The  plots  of  potassium  chloride  in  both  the  sodium 
and  potassium  hydroxides  clearly  show  that  there  is  an  increase  in  dec- 
tromotive  force  which  indicates  an  increase  in  hydroxyl-ion  conoentra- 
tion. 

There  is,  however,  a  striking  difference  between  the  distributioo  cf 
the  plots  in  Fig.  2  and  Fig.  4.  In  the  acid  system,  the  difference  in  the 
changes  in  electromotive  force  produced  by  the  different  salts  is  mvA 
less  than  the  corresponding  differences  in  the  hydroxide  system.  Tlus. 
is  due,  in  part  at  least,  to  the  differences  in  magnitude  of  the  liquid  poten- 
tials. A  comparison  of  the  liquid  stuiaces  under  discussion  will  sent 
to  explain  this  difference.  In  the  acid  system,  the  change  in  liquid  poten- 
tial will  be  produced  at  the  liquid  stuface 

MeX  in  HCl  (o .  i  M )  |  saturated  KCl. 

On  the  addition  of  salt,  the  add  solution  will  become  positively  chaiigcd 
to  the  saturated  potassium  chloride  solution,  owing  to  the  fact  that,  in 
'  Carried  out  with  three  different  electrodes. 
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>very  case,  the  anion  has  a  greater  mobility  than  the  cation.  At  the  same 
time,  we  have  fotmd  that  the  activity  of  the  hydrogen  ion  has  been  in- 
leased.  This  will  tend  to  charge  the  saturated  potassium  chloride  solu- 
tion positive  to  the  acid  solution,  owing  to  the  relatively  high  mobility 


am— 


KCdnNaOH 
KCI  mm 


ui  m  m 

HaQifim 


QSPi! 


LI  CI  iH  ffO« 


t  the  hydrogen  ion.     Thus,  there  is  set  up  a  liquid  potential  which  tends 
0  oppose  that  set  up  by  the  sa.lt.    Therefore,  the  influence  of  this  increase 
a  hydrogen  ion  activity  on  the  liquid  potential  in  the  acid  system  will 
ause  the  plots  of  the  different  salts  to  fall  close  together. 
Now  in  the  hydroxide  system,  the  surface 

MeX  in  MeOH  (o.  i  Af)  |  saturated  KCI 

rill  produce  the  liquid  potential.  As  before,  the  influence  of  the  addi- 
ion  of  salt  will  be  to  decrease  the  electromotive  force  of  the  cell.  But 
he  hydroxyl-ion  concentration  has  increased,  and  this  will  change  the 
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liquid  potential,  and,  like  the  salt,  it  will  tend  to  increase  the  negative 
charge  on  the  saturated  potassium  chloride  solution,  owing  to  the  Ug^ 
mobihty  of  the  hydroxyl  ion.  The  total  effect  wiD  be  to  spread  the  plots 
in  Fig.  4. 

The  wide  differences  between  these  plots  are  probably  not  entirety  diK 
to  these  differences  in  liquid  potentials.  Since,  in  a  solution  oontaiiiiag 
lithitun  chloride  and  potassitun  hydroxide,  there  will  be  an  equilibriiun 
between  the  ions  and  the  undissodated  molecules,  and,  since  the  best 
evidence  shows  that  the  degree  of  dissociation  of  lithium  hydroxide  is  less 
than  that  of  sodium  or  potassium  hydroxides,  a  difference  in  mass-action 
effects  would  be  expected.  This  may  act  in  such  a  way  as  to  cause  the 
plots  to  spread. 

These  plots  afford  excellent  evidence  that  there  is  an  increase  in  elec- 
tromotive force  produced  by  the  presence  of  neutral  salts  in  hydroxide 
solutions,  according  to  which  the  hydroxyl-ion  activity  of  the  solutioa 
will  be  increased. 

It  can  be  assumed,  as  in  the  case  of  the  acid  systems,  that  the  differ- 
ences in  the  plots  of  the  different  salts,  with  the  exception  of  the  lithium 
chloride  plot,  is  due  only  to  the  differences  in  liquid  potential  and  mass 
action,  and  from  the  above  data,  Xi  can  be  plotted,  which  represents 
the  change  in  electromotive  force  of  the  hydrogen  electrode  produced  by 
the  addition  of  salts  to  o.  i  M  sodium  hydroxide. 

Table  V  gives  the  increase  in  hydroxyl-ion  activity  due  to  the  presence 
of  neutral  salts  according  to  curve  Xi.  From  the  recent  accurate  in- 
vestigations of  Lewis  and  Lorentz,  and  Bohi,^  the  value  of  the  cdl 

Hj  I  KOH  (o.i  Af)  II  KOH  (o.oi  M)  \  H, 

is  0.0562  volt.  From  the  assumption  that  in  o.oi  M  potassium  hy- 
droxide, the  hydroxyl-ion  activity  is  0.0092,  the  hydroxyl-ion  activity 
in  o.  I  M  solution  can  be  computed  by  Equation  5  as  follows: 

0.0562  =  o. 05915  log  a/0.0092 

Thus  a  equals  0.0822. 

Tabls  V. — ^Hydroxyi>Ion  Activity  fkom  Ptor  Xi. 

Cone,  of  salt 0.000      0.500      i.ooo      1.500      2.000      2.500     ^.wi 

a 0.0822    0.0828    0.0835    0.0855    0.0892    0.0961    0.1071 

The  Uquid  Potential  Effect. 

It  was  thought  that  a  further  investigation  of  the  liquid  potentiais 
might  contribute  evidence  in  confirmation  of  the  portions  of  the  pMs 
for  zero  Uquid  potential,  namely,  X  and  Xi  (Figs.  2  and  4).  To  this  end, 
measurements  of  the  cells 

Hg  I  HgCl  I  KCl  (o.  I  M)  I  KCl  in  HCl  (o.  i  M)  |  H- 
Hg  I  HgCl  I  HCl  (o.i  M)  I  NaClin  HCl  (o.  J  M)  I  Hi 

1  ^.  f>hysik.  Chem.,  66,  735  (1909). 
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were  made.  In  this  series  of  observations,  it  was  found  that  the  cell 
used  in  the  previous  experiments  gave  results  which  did  not  attain  the 
desired  constancy  even  after  a  period  of  ten  hours.  In  order  to  overcome 
this  difficulty,  another  cell  was  set  up  which  differed  only  in  the  slightest 
particulars  from  that  used  by  Loomis  and  Acree.  Even  then,  the  con- 
stancy obtained  by  using  a  saturated  potassitun  chloride  solution  as  a 
contact  was  not  reached  when  the  concentration  of  the  salt  in  acid  was 
greater  than  0.5  M.  In  aU  cases,  however,  constancy  was  attained 
within  0.2  of  a  millivolt.    Table  VI  shows  the  results. 

Tabls  VI. 

Cone,  of  Mit.  B.  M.  F.    (Oba.)       Corr.  Ibr  premre  of  R.       B.  M.  9.    (Cwr.) 

No.  I.    Hg  I  HgCl  I  KCi  (0.1  li)  I  KCl  in  HCl  (o.i  M)  \  Hi. 

0.000  0.42704^  0.00034  0-4374 

0.095  0.4330  0.0003  0.4255 

0.386  0.4161  0.0003  0.4164 

0.477  0.4133  0.0003  0.4126 

0.953  0.4085  0.0004  0.4089 

3.358  0.3968  0.0003  0.5971 

3.433  0.3861  0.0003  0.3863 

No.  3.    Hg  I  Hga  I  Ha  (0.1  JO  I  NaCl  in  HCl  (o.i  if)  |  Hi. 

0.000  0.3987  0.0004  0.5991* 

0.014  0.3983  0.0003  0.5986 

0.038  0.3975  0.0003  0.3978 

0.070  0.3975  0.0003  0.3978 

0.141  0.3963  0.0006  0.5969 

0.435  0.^947  0.0003  0.5950 

0.705  0.5933  0.0005  0.5935 

1.063  0.5890  0.0003  0.5893 

I. 155  0.5879  0.0005  0.5882 

1.4X6  0.5845  0.0004  0.5847 

A  comparison  of  the  plots  of  these  results  with  those  obtained  when  a 
contact  solution  was  used  are  given  in  Pigs.  5  and  6.  With  Plot  B  (Pig.  5) 
there  is  a  definite  liquid  potential  at  the  start  between  the  0.1  M  potas- 
sium chloride  solution  and  the  0.1  M  hydrochloric  acid.  This,  accord- 
ing to  Lewis  and  Sargent,*  amounts  to  0.0284  ^^^^'  On  the  addition  of 
potassium  chloride  to  the  add,  this  is  decreased.  The  fact  of  most  im- 
portance to  be  derived  from  Plots  A  and  B  (Fig.  5)  is  the  large  difference 
in  the  change  in  e.  m.  f.  between  them.  This  wide  discrepancy  affords 
an  excellent  means  of  testing  the  liquid  potential  formula. 

The  former  experiments  have  indicated  that  the  plots  X  and  Xi  (FigS. 
2  and  4)  represent  the  changes  in  e.  m.  f.  produced  at  the  hydrogen  elec- 

■  •  * 

^  This  agrees  with  the  value  0.4270  obtained  by  Bjemim  (Z.  physik.  Chem»i,S^t 
428  (1905)). 

*  The  latest  value  of  Sebastian  (Ivewis,  Tms  Journal,  36,  1968  (1914))  is  0.5990. 

•  This  JointNAt,  33,  30(i  (191  r). 
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trode  alone.  In  order  to  confirm  the  assumptions  made  in  regard  to  these 
experiments,  the  values  of  a  few  of  these  liquid  potentials  were  calculated 
and  deducted  from  the  original  results.  After  the  liquid  potential  has 
been  eliminated  by  this  method,  the  plots  of  the  results  may  be  compared 
to  Plots  X  and  Xi. 


aw-- 
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Pig.  5 


Planck^  has  deduced  a  general  differential  equation  tor  the  liquid 
potential  between  two  solutions  containing  univalent  ions.  On  the  as- 
sumption that  the  simple  gas  equation  holds  for  solutions,  and  that  the 
ideal  diffusion  laws  hold,  this  equation  can  be  integrated,  and  gives  the 
following: 

{U2  —  Ul   ^    C2-r-{Ci  log  C2/C1  —  log  t 

V2  — fVi  ^  fC  — Ci  *  iog  C/Ci  +  log  { 

^  Wied.  Ann.,  39,  161  (1890);  40,  561  (1890). 
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^^here  Ui  equals  the  product  of  the  mobilities  of  the  cations  in  the  dilute 
solution  and  the  concentration  of  the  ions;  U2  the  same  in  the  concentrated 
sohition;  Vi,  the  product  of  the  mobility  and  the  concentration  of  the 
anions  in  the  dilute  solution;  V2,  the  same  for  the  anions  in  the  concen- 
trated solution.  Ci  equals  the  total  ionic  concentration  in  the  dilute 
solution;  Cs  the  total  ionic 
concentration  in  the  concen- 
trated solution.  Prom  the 
function  £,  the  liquid  potential 
B  can  be  calculated  by  the 
formula 

E  =  0.0591  logf 

Although  this  equation  was 
cumbersome,  and  could  only 
be  solved  by  a  method  of  ap- 
proximation, it  was  the  only 
one  which  was  general  enough 
for  the  calculation  of  the  com- 
plex liquid  potentials  under 
consideration*  Furthermore,  tt 
was  realized  that  it  was  only 
accurate  to  within  a  few  milli-  ^  J_ 
volts  when  applied  to  solu- 
tions- of  concentration  above 
O.I  M.  However,  it  was  the  jjjjn 
best  that  could  be  found  for 
the  present  purpose,  and,  as 
will  be  seen,  affords  interesting 
co^ifirmation  of  the  experi- 
mental results. 


ConccMfrafioM  of  salt 


0.00 


100 
Fig.  6. 
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In  the  use  of  this  equation,  the  following  assumptions  were  made : 

1.  That  the  degree  of  dissociation,  a,  obtained  from  conductance 
measurements,  represents  the  correct  value. 

2.  That,  in  solutions  containing  both  salt  and  acid  or  hydroxide,  the 
ions  act  independently.  U2,  Vj,  Ui,  Vi  represent,  then,  the  mean  mobility 
of  the  ions  times  their  total  concentration  in  the  concentrated  and  dilute 
solutions,  respectively. 

In  Table  VII  (i)  is  the  liquid  potential  calctdated  by  the  Planck  for- 
mula, (2)  is  the  change  in  liquid  potential  produced  by  the  addition  of 
the  salt  to  the  solution. 

These  calculated  changes  in  electromotive  force  are  eHminated  from 
those  actually  observed,  and  the  resulting  values  are  plotted  in  Fig.  7 
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TabIs  VIL 

Cone.  ofMlt.              (1).                               (2).  (1).                               0). 

No.  I.   KClinHCl(o.iif)|KCl(o.i  J/).  No.  3.  NaClinHC!  (o.i  iO  |Ha(o.i  JO- 

0.000              0.0267'                   ••••  0.0000                      — 

o.io                0.0201                — 0.0066  — 0.0018  — 0.0018 

0.50                0.0105                — 0.0162  — 0.0059  — O.OP59 

1. 00                0.0099                — 0.0168  — 0.0088  — o.ooBI 

2.00                0.0095                — 0.0172  — 0.0092  — 0.0099 

N0.2.  KamHCl(o.iA0|KCl(4.i6i/).     N0.4.  KClinNaOH  (0.1  JO|  KCl  (4.i6iOJ 

0.000              0.0052                      ....  ^~o.ooo6                       .... 

0.50         0.0025         — 0.0027  — 0.0009  O.OQpS^ 

1. 00                 0.0021                  — 0.0031  — O.OOIO  O.OOOf 

2.00                     0.0019                      — 0.0033  — O.OOII  — O.OOGISI 


along  with  the  plots  X  and  Xi.'  First,  it  is  to  be  noticed  that  the  plots 
A  and  B  (Fig.  5)  have  been  brought  close  together  and  fall  near  Plot  C 
in  Fig.  6.  For  example,  in  the  presence  of  2  M  salt,  there  is  a  difference 
of  0.005  volt.  Before  the  correction  for  Hquid  potential  was  made, 
the  difference  wa3  0.019  volt.  Furthermore,  the  add  curves  fall  around 
X.     It  is  realized  that  the  agreement  between  the  calculated  and  the  ob* 
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Fig.  7. 


^  The  value  obtained  by  Lewis  and  Sargent's  formula  {loc.  cU.)  is  0.0284.  TiJ 
value  calculated  by  Planck's  formula  is  used  in  these  calculations,  for,  since  the  diaqp 
in  e.  m.  f.  is  the  important  factor.  It  was  thought  best  to  use  the  same  equation  for  ill 
calculations.  I 

'  In  Pig.  7,  a  drop  in  potential  for  the  acid  plots  is  indicated  by  a  rise  in  the  caivt; 
a  rise  in  potential  for  the  hydroxide  plots  corresponds  to  a  rise  in  the  curve.  In  ttt 
way,  the  relative  magnitudes  of  X  and  Xi  can  be  compared.  I 
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serred  results  is  not  all  that  may  be  (desired,  but  the  evidence  thus  ob- 
tained contributes  in  confirming  the  position  of  X  and  Xi. 

The  Ma88*Action  Effect 
It  is  of  interest  to  notice  the  similarity  of  the  plots  of  sodium  chloride 
and  bromide  in  hydrochloric  add  solution  (Fig.  8).     Up  to  the  salt  con- 
centration of  0.65  My  these 
plots   are    almost    identical; 
beyond  this,  there  is  a  slight 
deviation.    Since  the  mobiU- 
ties  of  the  chlorine  ion  and 
bromine    ion   only  differ 
slightly,  a  very  small  differ- 
ence in  Uquid  potential  would 
be  expected.    Also,  the  plots  ft|)oj4— 
of  potassium  chloride  in  po- 
tassium amd  sodium  hydrox- 
ides are  nearly  identical,  as   Ifl/Z  -f"  ^ 
are  those  of  sodium  chloride 
in  these  two  hydroxides.    It 
appears  that  the  presence  in  Qftfi  "1^ 
the  salt  of  an  ion  common 
with   the  acid   or   the  base 
causes  no  greater  mass-action  flflfl)""" 
effect  than  when  no  common 
ion  is  present.     This  raises 
the  question  as  to  whether  ^'^ 
this  behavior  is  in  full  theo- 
retical accord  with  the  law 
of  mass  action  as  usually  ap- 
plied.   In   the  following  de- 
ductions, the  action  of  sodium 
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chloride  and  bromide  on  the  hydrogen-ion  concentration^  of  hydrochloric 
add  is  investigated.    These  examples  will  serve  as  types: 

Case  L — ^The  add  and  salt  have  no  ion  in  common.  In  this  the  sodium 
bromide  hydrochloric  add  solution,  four  equilibria  must  be  considered, 
namdy,  those  between  the  ions  and  the  tmdissociated  hydrochloric  add, 
hydrobromic  add,  sodium  chloride  and  sodium  bromide.  The  assmnp- 
tioa  that  the  equihbrium  constants  of  these  foiu*  substances  are  equal 
is  in  good  accord  with  the  experimental  results.  This  leads  to  the  follow- 
ing set  of  equations: 

K  «  xy/a  =*  xv/b  =  yz/c  *  z^/d  (6) 

*  ConcentmtiQiis  are  used  instead  of  actMtied  in  the  following  mass-action  calcula- 
tions. 


2480 


HERBERT  S.  HARNBD. 


^7) 


where  x  -  [H],  y  =  [CI],  z  =  [Na],  v  =  [Br],  a  =-.[HCl].  &  =  [1 
c  =  [NaCl],  and  d  «  [NaBr]. 

Now,  let  n  equal  the  equivaleat  acidity,  m  the  concentration  <rf 
added  in  moles  per  liter.    Then 

ir  +  a  +  fe  =  n 
^  +  a  +  c  =  n 
^  -\-  c  •\'  d  —  m 
2;  +  t  +  d  =  tn 

Eliminating  a,  6,  c,  d  from  Equations  6  and  7,  the  following  set 
equations  is  obtained: 

X  +  xylY.  +  xv/K  =  n  (a) 

>f  +  a;>^/K  +  yzjlL  =  n  (5) 

2  +  yzl^  +  2v/K  =  w  (c) 

t;  +  xw/K  +  s??/K  =  m  (d) 

By  dividing  (6)  by  (d),  we  obtain  v/y  =  m/n. 

By  dividing  (a)  by  (c),  we  obtain  zjx  =  w/n. 

Furthermore,  Equations  8  are  symmetrical  and  hence 

X  ^  y  and  2:  =  ». 

Therefore,  from  (9),  (10)  and  (11),  we  obtain 

x^  [(n  +  m)/Ktt]  -{-  x  —  n  =  o. 

When  w  =  o,  a,  the  degree  of  dissociation  of  the  add,  equals  x/i 
X  =  an.     Hence, 

K  ^  aht/(i  —  a). 

This  is  the  well-known  dilution  law. 

Case  n. — ^The  acid  and  the  salt  have  an  ion  in  common.     In  this 
there  will  be  present  only  two  undissociated  molecules,  namely,  h; 
chloric  acid  and  sodium  chloride,  and,  on  the  assumption  that  the 
ciation  constants  of  these  are  the  same,  we  obtain 

K  =  xy/a  =  yz/c.  (13 

Furthertnore, 

X'+  a  ^  n  (3) 

z  +  c  ^  m  (2)  (1 

y  +  a  +  c^m  +  n     (3). 

Hence,  jr  +  3  =  ^.  (i| 

Equations  13  and  14  give  on  the  elimination  of  a  and  c 

X  +  xy/K  =  n;    z  +  yz/K  =  m  (i 

which  with  (15)  give  on  elimination  of  y 

X  +  x{x  +  z)/K  =  n;    z  +  z(x  +  z)/K  =  m.  (i] 

Solving  for  x  by  direct  substitution,  the  same  expression  is  obtaiorfl 
in  Case  I,  namely: 


a 
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am 
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"'^^ts  of  sodium  chloride 
^^ntical,  if  the  as- 
'le  substances 
/  of  the  plots 
explanation, 
emphasize  that  a 
ally  applied,  is  ob- 
odium  and  potassium 
In  order  to  bring  out 
olumn  I  represents   the 
ydrogen-ion  concentration 
observed  hydrogen- ion  con- 
is  the  ratio  of  the  calculated 
hloride,  Kraus  and  Bray^  con- 
value  was  used  for  both  the  dis- 
.0  salt.     0.092*  was  taken  as  the 
acid.      In  obtaining  the  values  in 
ratio  of  the  activity  to  the  concentra- 
ronstant. 


ABLB 

VIII. 

U.:Ob9. 

Cone. 

Calc.  CI**. 

Obs.  Cl~ 

Calc.:  Obs* 

• ) . 630 

O.IOO 

0.058 

0.087 

0.667 

0.430 

0.300 

0.143 

0.244 

0.586 

0.327 

0.600 

0.216 

0.466 

0.464 

0.233 

1. 100 

0.259 

0.842 

0.308 

0.136 

2.100 

0.367 

1.472 

0.249 

0.081 

3.100 

0.459 

2. 118 

0.216 

74 

le    following   calculations   from    the    conductance 

1 :   Column  5  gives  the  concentration  of  salt,  (6)  is  the 

ration  calculated  by  Equation  12,  (7)  is  crC  or  the 

m  concentration,  and  (8)  is  the  ratio  of  the  calculated 

values. 

:it  to  show  the  increasing  deviation  from  the  mass-action 

ases  tmder  discussion. 

Summary  and  Conclusion. 

>urements  with  the  hydrogen  electrode,  evidence  has  been 
ich  indicates  that  the  hydrogen-ion  activity  and  concentra- 
M  hydrochloric  acid  is  increased  by  the  presence  of  neutral 


lirnce  has  also  been  obtained  that  the  hydroxyl-ion    activities 

-  JOURNAI*,  35,  1412  (1913). 

yes  and  Falk,  This  Journal,  34,  485  (1912). 
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and  concentrations  of  o .  i  M  potassium  and  sodium  hydroxides  is  increased 
by  the  addition  of  neutral  salts. 

3.  Tables  for  the  increase  of  the  hydrogen-ion  activity  of  hydrochloric 
add  solutions,  and  the  hydroxyl-ion  activity  of  potassium  and  sodium 
hydroxide  solutions  containing  neutral  salts  have  been  appended. 

4.  The  evidence  thus  far  obtained  in  the  acid-salt  system  indicates 
that  the  increase  in  activity  of  the  hydrogen  ion  in  the  add  differs  little 
for  the  different  salts  used  in  these  experiments.  This  does  not  appear 
to  hold  in  the  hydroxide-salt  system. 

5.  Calculations  made  by  the  Planck  formula  for  liquid  potential  lend 
confirmation  to  the  experimental  results. 

6.  The  experimental  fact  that  sodium  bromide  produces  the  same  ef- 
fect on  the  hydrogen-ion  activity  of  hydrochoric  add  solutions  as  does 
sodium  chloride  has  been  proved  to  be  in  accord  with  the  law  of  mass 
action.     This  is  also  true  of  similar  cases  in  the  hydroxide-salt  systems. 

7.  If  the  interpretation  of  the  experimental  results  as  given  above  is 
correct,  then,  in  a  solution  of  o.i  M  hydrochloric  add,  the  hydrogen- 
ion  concentration  has  been  increased  from  0.092  to  0.1765  M  by  the 
presence  of  3  Af  potassium  chloride.  This  points  to  the  condusion 
that  the  solution  acts  as  if  it  were  contracting,  or  that  the  voltune  of  sol- 
vent has  decreased. 

PRZZ^ADSLrBIA,  PA.  

[F&oM  THB  Laboratory  op  Gas  Invbstioation  of  thb  Bukbau  of  Mines.] 

THE  VAPOR  PRESSURES  OF  ACETYLENE,  AMMONIA  AND 

ISOBUTANE  AT  TEMPERATURES  BELOW  THEIR 

NORMAL  BOILING  POINTS.' 

BT  G.  a.  BUXSVU.  and  I.  W.  ROBBKTSON. 

Received  August  16,  1915. 

In  this  report  are  shown  the  vapor  pressures  of  acetylene,  ammonia, 
and  isobutane  at  temperatures  below  their  normal  boiling  points.  The 
method  of  procediu'e  is  the  same  as  that  detailed  in  previous  communi- 
cations to  This  Journal  by  the  authors.^  The  thermometers  were  cali- 
brated at  two  additional  points,  other  than  those  used  by  the  authors 
in  previous  work.  These  points  are  the  melting  points  of  mercury  and 
ice.  Henning'  gives  for  the  melting  point  of  mercury,  — ^38.89**.  In 
calibrating  thermometers  against  this  point,  the  authors  carefully  puri- 
fied mercury  by  the  method  of  Hulett.*  About  15  cc.  of  mercury  were 
placed  in  a  test  tube  and  immersed  in  the  gasoline  bath*  maintained  at  a 

*  Published  by  permission  of  the  Director  of  the  Bureau  of  Mines. 

*  Tms  Journal,,  37,  1893  (1915)- 
» Ann,  Phys.,  43,  294  (1913). 

*  Phys.  Rev.,  34,  307  (191 1). 

*  See  Tms  Journal,  37,  1893  (1915)  i^^^-  i). 
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temperature  of  a  few  degrees  below  the  melting  point  of  the  mercury. 
The  bath  temperature  was  next  allowed  to  rise  slowly.  At  the  melting 
point  the  temperature,  of  course,  became  stationary  until  all  of  the  mer- 
cury had  melted.  Next  the  mercury  was  again  distilled  and  the  opera- 
tion repeated  with  the  same  results.  In  the  two  carefully  conducted 
trials  with  each  thermometer,  No,  707  was  found  to  register  — 38.4 
and  — 38.5",  while  No.  504  in  the  same  calibrations  read  —36.5  and 
—36.6".  From  the  values  so  found,  the  thermometers  were  corrected 
according  to  the  melting  point  found  by  Henning. 

Preparation  of  Gases. — Acetylene  was  prepared  by  the  action  of  water 
on  calcium  carbide.  The  evolved  gas  was  passed  through  caustic  potash 
solution  and  then  dried  over  phosphorus  pentoxide.  Next  it  was  repeat- 
edly fractionated  at  the  temperature  of  liquid  air  to  remove  air  and  other 
gases  of  high  vapor  pressure  at  that  temperature  and  finally  fractionated 
several  times  at  a  temperature  of  — 120"  to  — 110°,  thereby  distilling  the 
acetylene  from  water  vapor  or  other  gases  whose  vapor  pressure  is  prac- 


Pig.  I ."TemperAture  plotted  against  pressure. 

tically  nil  at  that  temperature.  During  the  course  of  the  vapor-pressure 
measurements,  part  of  the  acetylene  was  allowed  to  evaporate  away  at 
different  times  and  the  observations  were  repeated  with  the  remaining  por- 
tions of  the  gas.  After  each  introduction  of  fresh  portions  of  gas  into 
the  vapor-pressure  bulb,  fractionation  was  performed  at  the  tempera- 
ture of  liquid  air  to  make  sure  that  atmospheric  air  had  not  been  trapped 
in  the  transfer.     The  above  precautions  were  taken  in  all  the  vapor- 


Ammonia  was  prepared  by  distilling  the  gas  from  c.  p.  ammonia  water. 
Isobutane  was  prepared  by  the  action  of  isobutyl  iodide  on  a  zinc- 
topper  cOuple. 
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Both  the  ammonia  and  isobutane  were  purified  by  repeated  distiUa- 
tions  at  low  temperatures. 

Table  I  shows  the  observed  and  the  calculated  vapor  pressures  for 
three  gases. 

Tabls  I. — Cai«cuu^T6d  and  Obshrvsd  Vapor  Prbssurbs. 


Acetylene. 

Isobutane. 

Amimwiia 

Temp.       Pressure, 

•Abs.          . 

Av.  of  two.     Obs. 

Mm.  Hg. 
Oak. 

Temp. 

•Abs. 

Av.'of  two. 

Pressure. 
Obs. 

Mm.  Hg. 
C*lr. 

Temp. 

•Abs. 

Av.  of  twc 

PRSHtrc«  BCbl  Hf. 

».     Obs. 

C-alr 

189. 1 

760 

760 

259.7 

760 

760 

238.5 

760 

760 

188.6 

730 

731 

258.2 

730 

731 

237.7 

730 

730 

188.0 

700 

700 

256.6 

700 

694 

236.8 

700 

699 

187.2 

650 

658 

254.0 

650 

651 

235.4 

650 

648 

186. 1 

600 

606 

251. 1 

600 

598 

233.8 

600 

595 

183.6 

500 

499 

245.4 

500 

500, 

230.7 

500 

501 

180.8 

400 

400 

239.0 

400 

400 

226.8 

400 

400 

177.3 

300 

300 

232.0 

300 

305 

222.4 

300 

306 

172.5 

200 

199 

211.7 

100 

115 

216.3 

200 

205 

169.1 

150 

147 

200.4 

50 

58 

212.3 

150 

154 

164.9 

100 

99 

192.2 

30 

32 

206.5 

100 

too 

158.0 

50 

53 

182.4 

15 

15 

197.0 

50 

45 

153.2 

30 

30 

174-7 

7 

7.4 

191.0 

30 

26 

147.0 

15 

15 

166.9 

3 

3-5 

184.2 

15 

14 

138.5 

6 

5-2 

X58.3 

I 

I 

176.4 

7 

5  4 

132.5 

2.5 

2.3 

171.9 

4 

3.1 

129.9 

I 

1.58 

159.8 

I 

0.6 

Calculation  of  Vapor  Pressures. — The  vapor  pressures  were  calculat 

using  the  Nemst  equation. 


LogP  =      -■"^+  1.75  log  T  — 

4-57iT  4.571 


T  +  C. 


Table  II  shows  the  values  of  P  at  three  different  temperatures 
were  taken  to  find  the  constants  in  the  Nemst  equation. 

Tabids  II. 


Aoetylc 

9ie. 
P. 

Isobutane. 

T". 

T°.             P. 

T*.              P. 

189.1 

760 

259.7          760 

238.5          760 

177.3 

300 

245.4         500 

226 . 8          400 

147.0 

15 

182.4            15 

206.5          100 

The  equations  of  the  curves  are 
For  acetylene,  log  P  =  —  ^'^^  +  i  .75  log  T 


.ooi5iiT  +  3.671 


For  isobutane,  log  P  =  — — ^-^ h  1.75  logT — 0.0158873T  +  <^i 


For  ammonia,  log  P  = 


195172 


+  1 .  75  log  T  —0.015525  T  +  lo. 
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The  straight  line  curves  shown  at  Pig.  2  were  drawn  according  to  an 
equation  which  was  derived  by  the  method  of  least  squares  and  which 
represents  the  average  of  all  the  points. 

For  ammonia  the  equation  is  log  P  = ^^^ 1-  8 .  64. 

For  acetylene,  log  P  =  —  1127.09  ^  g ^^ 

For  isobutane,  log  P  =  —  ^^~-  +  6 .  98. 

The  heats  of  evaporation  may  be  calculated  from  the  integrated  form 
of  the  Clausius-Clapeyron  equation 

.    ^  Q. 

hi  P  =  —  ^  +  const. 

Using  the  values  1371.86,  1127.09  and  1056.25  in  this  equation,  one 
obtains  as  the  average  heats  of  evaporation  over  the  temperature  range 
studied,  in  calories  per  gram-molecule 

For  ammonia:  Q  =  (1371.86  X  4. 571)  =  6271  colories 
For  acetylene:  Q  =  (1127.09  X  4. 571)  =  5152  calories 
For  isobutane:    Q  =  (1056.25  X  4.571)  =  4828  calories 

Brill^  has  determined  saturated  vapor  pressiu-es  for  ammonia  between 
—80.0**  and  — 33.0^.  His  results  are  shown  in  Table  III,  along  with 
those  of  the  authors  of  this  paper.  The  latter  were  taken  from  the  curve 
shown  at  Fig.  i  (drawn  to  larger  scale  than  shown  in  Fig.  i). 

Vapor  pRBSSxntKS  of  Ammonia  as  Dsterminbd  by  Broi,  and  by  Burrbix  and 

ROBSRTSON. 


] 

Presmre* 

Mm.  Hg. 

Temp.  ®  C. 

Pressure. 

Mm.  Hg. 

Temp.  •  C. 

BriU. 

BiUTell  and  Robertson. 

BriU. 

Burrell  and  Robertson. 

—80.0 

35.2 

37 

59-5 

172.4 

166 

—79.0 

38.0 

45 

—56.5 

210.0 

209 

--77.6 

44.1 

45 

— 54-4 

239.5 

239 

-75.1 

51.8 

53 

—50.7 

309.3 

305 

—72.7 

62.5 

65 

— 46.2 

4035 

400 

—70.4 

74.9 

76 

45.0 

437.1 

430 

-^.3 

87.5 

88 

41.5 

521.9 

526 

-64.4 

ti6.o 

117 

—39.8 

568.2 

580 

—62.8 

136.0 

132 

—38.2 

610.4 

630 

-^.8 

157.6 

151 

33  0 

761.0 

■    •    • 

Brill's  pressure  measurements  were  performed  by  the  statical  method. 
His  temperatures  were  measured  with  an  iron-constantan  thermocouple 
checked  against  a  pentane  thermometer  calibrated  at  the  physical-tech- 
nical institute.  The  agreement  between  his  work  and  that  of  the  authors 
is  fairly  good,  except  at  temperatures  near  the  normal  boiling  point.  His 
*  "Vapor  Pressures  of  Liquid  Ammonia,"  Ann.  Physik,  ai,  170  (1906). 
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value,  33.0°  C,  is  1.6°  higher  than  ours.  The  authors  of  this  report 
one  possible  error  in  his  work.  As  a  check  on  the  accuracy  erf  his  1 
perature  measurements  he  calibrated  his  apparatus  against  the  me 
point  of  pure  chloroform,  assuming  this  to  be  63 .  i ".  Recent 
ments  by  Henning,  place  it  at  63,7°.' 


LOa  OF  PRESSURE 

Pig.  3. — IfOg.  of  pressure  plotted  gainst  tndprocal  af  absolute  tempetatnre. 

Brill's  work  on  ammonia  is  the  only  work  on  vapor  pressures  <rf  g 
at  low  temperatures  that  covers  an  extensive  range  for  a  gas  that 
authors  also  have  worked  on.     We  extended  the  observations  20'  k 
'   than  Brill. 

PiTTaBtnoH,  Pa. 


[From  Tbb  Dbpartiibnt  of  Cbshistkv  of  RtrraBms  CoLt.SGB.1 
THE  ACTION  OP  THIONYL  CHLORIDE  ON  SULFTOES. 

Bt  H.  B.  Ndhth  and  C  B.  Conovsi. 
Rtcdied  Septimbtr  I.  19IS. 

Investigation  of  the  action  of  thionyl  chloride  on  inorganic  substai 
has  been  confined  almost  entirely  to  its  deportment  toward  metals, 
loids  and  oxides.  The  action  of  the  reagent  on  these  has  been  quite 
haustively  studied  by  North  and  Hageman  and  described  in  This  Jc 
NAL.^  Letting  M  represent  a  divalent  metal  of  metalloid,  reactioB 
lows  the  general  equation 

3M  +  4SOCI,  =  3MCI,  +  aSO,  +  SiCl,. 
With  oxides,  reaction  takes  place  according  to  the  foUowing; 

MO  +  SOCls  =  MCI,  +  SOt 
In  the  case  of  metals  or  metalloids  having  more  than  one  compa 
with  chlorine,  the  lower  chloride  is  usually,  but  not  always,  pnxfaHt 
the  metal  is  in  excess.     Likewise  the  higher  chloride  is  formed  when 
metal  is  treated  with  a  large  excess  of  the  reagent. 
The  chief  difference  in  the  two  reactions  given  above  is  that  with  mt' 
'  Ann.  Physik,  43,  2^4  (1915). 
'  This  Jourkal,  34,  890  (1913);  35.  353  {1913);  M.  543  (i9"3). 
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or  metalloids  stdfur  monochloride  is  always  one  of  the  products.  Sulfur 
monochloride  is  not  produced  in  reactions  with  oxides.  In  the  case  of 
higher  oxides  or  peroxides,  reaction  does  not  follow  the  general  equation 
given  above  but  always  results  in  the  formation  of  a  mixture  of  chloride, 
sulfate  and  sulfiuyl  chloride,  if  an  excess  of  the  oxide  is  used,  or  chloride, 
sulfur  dioxide  and  sulfiuyl  chloride  when  an  excess  of  thionyl  chloride  is 
employed. 

So  far  as  the  authors  have  been  able  to  ascertain,  only  three  reactions 
of  thionyl  chloride  on  sulfides  have  heretofore  been  studied.  The  action 
on  phosphorus  pentasulfide  was  studied  in  1858  by  Carius,*  who  undoubt- 
edly was  the  first  to  prepare  thionyl  chloride  in  a  pure  condition.  Carius 
thought  the  reaction  proceeded  according  to  the  equation 

P2SB  +  5SOCI,  =  P2O6  +  5S2CI2, 

but  in  1884  Prinz*  found  this  to  be  incorrect.  According  to  Prinz  the 
reaction  takes  place  as  follows: 

2P2S6  +  6SOCI2  =  4PSCU  +  3SO2  +  9S 
Prinz  also  tried  the  action  of  thionyl  chloride  on  antimony  trisulfide, 
finding  that  reaction  takes  place  as  follows: 

6SOCI2  +  2SbaS,  =  4SbCl,  +  9S  +  aSOa 

Both  of  these  reactions  must  have  been  carried  out  at  a  temperature 
lower  than  150^,  for  above  this  point  thionyl  chloride  and  sulfur  react 
according  to  the  equation: 

2SOCI2  +  38  =  SOa  +  2SaClt 

No  further  reaction  with  a  stdfide  was  studied  until  1896,  when  Besson' 
investigated  the  reaction  of  this  reagent  on  hydrogen  sulfide.  He  found 
the  reaction  to  proceed  according  to  the  following  equation: 

2SOCI2  +  2H2S  =  4HCI  +  SO2  +  3S 

The  reactions  described  in  this  paper  were  brought  about  in  sealed 
glass  tubes  at  a  temperature  of  150-180**.  With  the  exception  of  ferrous 
sulfide,  the  sulfides  employed  were  made  by  precipitation.  They  were 
thoroughly  dried  at  no®  and  were  preserved  in  tightly  stoppered  tubes. 
In  every  case  sulfur  dioxide  and  sulfur  monochloride  were  formed. 

Zinc  Sulfiide. — ^When  zinc  sulfide  was  treated  with  thionyl  chloride, 
reaction  commenced  in  the  cold  but  soon  stopped.  The  sealed  tubes 
containing  the  material  were  heated  at  1 50-200  **  for  several  days  with- 
out any  change  in  appearance,  due  to  the  fact  that  both  the  chloride  and 
sulfide  are  white.  When  the  tubes  were  opened  they  were  found  to  con- 
tain, in  addition  to  the  white  solid,  considerable  sulfur  dioxide  and  sulfur 

^Ann.,  Z069303  (1858). 

« lUd.,  aas,  355  (1884). 

*  Campt.  rwd.,  133,  467  (1896). 
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monochloride.    The  white  sohd  was  analyzed  and  found  to  be  zinc  chlo- 
ride.    Reaction  proceeds,  therefore,  according  to  the  equation: 

ZnS  +  2SOCI2  =  ZnCls  +  SO2  +  S2CI2 

Cadmium  Sulfide. — Reaction  did  not  commence  in  the  cold  when 
cadmium  sulfide  and  thionyl  chloride  were  brought  together.  When 
the  tube  was  heated  at  about  200  ^^  reaction  appeared  to  take  place  slowly, 
as  indicated  by  the  very  gradual  change  in  color  from  yellow  to  whitt. 
After  being  heated  for  about  15  days,  the  solid  contents  of  the  tube  ap- 
peared entirely  white.  Analysis  showed  this  compound  to  be  cadmium 
chloride,  hence  reaction  proceeds  as  follows: 

CdS  +  2SOCI2  =  CdClg  +  SO2  +  S2CI2 
The  tube  also  contained  much  sulfur  dioxide  and  sulfur  monochloride. 

Silver  Sulfide. — ^Thionyl  chloride  did  not  react  with  silver  sulfide  in 
the  cold.  After  heating  for  several  days  the  sulfide  was  found  to  have 
changed  into  silver  chloride,  as  was  shown  by  subsequent  analysis.  The 
action  of  thionyl  chloride  on  silver  sulfide  proceeds  according  to  the  equa- 
tion 

AgjS  +  2SOCI2  =  2AgCl  +  SO2  +  S2CI2. 

Arsenic  Stdfide. — Arsenic  sulfide  was  found  to  react  readily  with  thionyl 
chloride  at  150**,  going  completely  into  solution.  Inasmuch  as  thionyl 
chloride  and  arsenic  chloride  are  both  liquids  and  miscible,  it  was  sup- 
posed that  reaction  had  taken  place  with  the  formation  of  the  latter  com- 
pound according  to  the  equation 

AS2S3  +  6SOCI2  =  2ASCI,  +  3SO2  +  3SJCI2. 
The  liquid  in  the  tube  was  therefore  a  mixture  of  arsenic  trichloride, 
sulfur  monochloride  and  the  excess  of  the  thionyl  chloride.  This  liquid 
was  fractionated  in  an  attempt  to  bring  about  a  separation,  but  on  ac- 
count of  the  small  amount  of  material,  a  complete  separation  was  impossi- 
ble. A  small  amount  of  distillate  was  obtained  at  a  temperature  above 
1 26  °.  This  had  a  very  pronounced  odor  of  sulfur  monochloride,  and  when 
decomposed  in  water  gave  a  precipitate  of  sulfur.  The  solution  gave  a 
strong  test  for  arsenic,  hence  the  authors  are  of  the  opinion  that  reac- 
tion took  place  according  to  the  equation  given  and  that  the  distillate 
obtained  above  126°  was  a  mixtm-e  of  arsenic  trichloride  and  sulfur  mono- 
chloride. 

Antimony  Sulfide. — Antimony  sulfide  reacts  readily  with  thionyl 
chloride  at  a  temperature  of  150-200°,  gi\'ing  the  trichloride,  sulfur  di- 
oxide and  sulfur  monochloride  according  to  the  equation 

SbjSj  +  6SOCI2  =  2SbCl3  +  3SO2  +  3S1CI,. 
This  reaction  was  studied  by  Prinz  in  1884  and  was  found  by  him  to  re- 
sult in  the  formation  of  a  mixture  of  trichloride,  sulfur  monochloride 
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and  sulfur.  Prinz  must  have  carried  out  this  experiment  below  150^ 
or  without  excess  of  thionyl  chloride,  inasmuch  as  the  latter  reacts  with 
sulfur  at  150^  to  give  sulfur  dioxide  and  sulfur  monochloride. 

Ferrous  Sulfide. — ^The  sample  of  ferrous  sulfide  employed  was  the  crude 
article  such  as  is  used  for  the  preparation  of  hydrogen  sulfide.  An  anal- 
ysis of  the  powdered  sample  for  iron  and  sulftu-  showed  a  sUght  excess  of 
the  latter.  This  would  not  interfere  with  the  reaction,  however,  inas- 
much as  sulfur  itself  reacts  with  thionyl  chloride,  giving  sulfur  dioxide 
and  sulfur  monochloride. 

The  iron  sulfide  and  thionyl  chloride  were  heated  together  at  150*^. 
Reaction  took  place  readily  with  the  formation  of  bright  green,  hexagonal 
plates  which,  by  transmitted  Ught,  were  ruby  red.  Analysis  proved 
these  to  be  ferric  chloride,  FeCU*  Reaction  took  place  according  to  the 
equation 

6FeS  +  16SOCI2  =  6FeCl3  +  8SO2  +  7S2CI2. 

A  small  amount  of  light  colored  insoluble  matter,  probably  silica,  was 
obtained  when  the  sample  was  dissolved  in  water  for  analysis.  This  was 
coUected  on  a  Gooch  crucible,  dried  and  weighed  and  the  weight  deducted 
from  the  weight  of  the  sample. 

This  reaction  differs  from  the  others  studied,  inasmuch  as  the  ferrous 
sulfide  was  oxidized  to  the  ferric  state.  No  indication  of  ferrous  chloride 
was  found. 

Copper  Sulfide. — Upon  heating  copper  sulfide  with  the  reagent  at  150^, 
reaction  took  place  within  a  few  hours  with  the  formation  of  a  dark  brown 
solid  substance.  This  was  analyzed  and  found  to  be  anhydrous  copper 
chloride.    Reaction  therefore  took  place  according  to  the  equation 

CuS  +  2S0Cla  =  CuCla  +  SO,  +  SjClj. 

Stannic  Sulfide. — ^The  material  used  for  this  experiment  was  the  ordi- 
nary mosaic  goM,  made  in  the  dry  way.  After  heating  for  six  hours  at 
150°  no  apparent  change  had  taken  place.  The  tube  was  then  heated 
for  a  number  of  days  at  a  temperature  of  from  150  to  200**,  after  which 
it  was  noticed  that  a  considerable  portion  of  the  sulfide  had  dissolved. 
When  the  tube  was  opened  sulfur  dioxide  was  evolved.  Furthermore, 
the  odor  of  sulfur  monochloride  was  very  prominent.  Considering  this, 
together  with  the  fact  that  the  compound  used  was  a  compound  of  tetra- 
valent  tin,  the  authors  are  of  the  opinion  that  reaction  proceeds  slowly 
with  the  formation  of  tin  tetrachloride  according  to  the  equation 

SnS2  +  2SOCI2  =  SnCU  +  2SO2  +  2S2CI2. 

The  liquid  in  the  tube  was  probably  a  mixture  of  tin  tetrachloride,  sulfur 
monochloride  and  the  excess  of  thionyl  chloride.  An  attempt  was  made 
to  fractionate  this,  but  it  was  a  failure,  due  to  the  small  amount  of  ma- 
terial at  hand. 
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Mercuric  Sulfide. — Mercuric  sulfide  was  found  to  react  readfly  with 
thionyl  chloride  at  150°  with  the  formation  of  long  needle  crystals  of  mer- 
curic chloride.     Reaction  proceeds  according  to  the  equation 

HgS  +  2SOCI1  =  CuCl,  +  SO,  +  SjCU. 

Summary. 
Thionyl  chloride  reacts  with  sulfides  according  to  the  following  equa- 
tion, in  which  M  represents  a  divalent  metal: 

MS  +  2SOCU  =  MCI,  +  SO,  +  S,C1, 
With  sulfides  as  with  oxides  and  metals,  thionyl  chloride  seems  to  show 
a  selective  action,  reacting  much  more  readily  with  some  than  with  others. 

Nsw  Bbunswick.  N.  J. 
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The  importance  of  a  knowledge  of  gases  dissolved  in  natural  waters 
and  e£9uents  has  lead  to  the  development  of  many  methods  for  their 
estimation.  The  results  obtained  by  these  different  methods  ate,  how- 
ever, not  always  concordant  or  satisfactory.  Our  attention  was  directed 
to  this  subject  by  some  special  difficulties  encountered  in  the  detennina- 
tion  of  the  oxygen  in  mine  waters  and  we  were  led  to  examine  this  whole 
subject  of  the  determination  of  gases  dissolved  in  waters  and  solutions. 
The  method  we  have  devised  for  our  special  purpose  makes  use  of  a  prin- 
ciple which  does  not  appear  to  have  been  used  in  this  kind  of  work  here- 
tofore, but  it  has  solved  our  problem  and  seems  to  be  generally  applicable. 

The  methods  which  have  been  used  for  the  determination  of  gases  dis- 
solved in  waters  fall  into  two  groups:  First,  those  methods  which  are 
based  on  chemical  reaction  involving  the  gas  in  solution  in  a  reaction 
which  may  be  followed  *'titrimetrically."  In  the  second  group  the  gases 
are  first  removed  from  the  water  and  then  determined  gasometrically. 
The  chemical  methods  work  well  in  the  determination  of  oxygen  and 
carbon  dioxide,  while  no  success  has  been  attained  in  determiniug  other 
dissolved  gases  such  as  nitrogen,  owing  to  a  lack  of  suitable  chemical 
reactions. 

At  the  present  time  most  attention  is  given  to  the  determination  erf 
oxygen  and  carbon  dioxide  in  natural  waters  and  effluents.  The  meth- 
ods in  favor  for  the  determination  of  dissolved  oxygen  are  the  Winkler' 
and  Levy*  methods.  A  modification  of  the  Winkler  method  by  Hale 
and  Melia'  has  made  it  possible,  however,  to  determine  the  <U$sQlved 

»  Ber.,  21,  2843  (x888);  22,  1764  (1889). 

*  Ann.  Vohseralorie  Municipal  de  Moniosouris,  Paris,  1884. 

»  /.  Ind,  Eng.  Chem.,  5,  976  (1913), 
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oxygen  content  of  waters  containing  nitrites.  In  the  second  group  of 
methods  the  gases  are  first  removed  from  the  water  either  by  boiling  or 
under  reduced  pressure  and  then  their  composition  determined  gasometri- 
cafly.  In  this  class  belong  the  methods  devised  by  Bunsen,^  Rascoe  and 
Lunt,*  Birge  and  Juday*  and  Tenax.^  The  accuracy  of  some  of  these 
methods  is  not  questioned,  but  their  adaptability  for  general  use  is  limited 
on  account  of  the  difficulty  encountered  in  removing  the  last  traces  of 
the  dissolved  gases  and  in  handling  the  gases  removed,  but  it  seemed  to 
be  the  only  method  in  certain  cases,  especially  where  the  chemical  method 
is  limited  by  the  nature  of  the  water  under  investigation.  For  example, 
in  attempting  to  determine  the  dissolved  oxygen  in  mine  waters  the  pres- 
ence of  both  ferrous  and  ferric  iron  interferes  with  the  usual  procedure, 
or,  in  general,  where  the  water  contains  an  oxidizable  or  a  reducible 
substance.  But  this  objection  does  not  apply  to  the  methods  of  the  sec- 
ond group,  although  here  there  is  encoimtered  the  difficulty  of  removing 
the  last  traces  of  the  gases,  as  has  been  stated,  and  the  methods  have 
therefore  received  little  attention. 

If,  now,  we  take  advantage  of  the  law  of  distribution  of  a  gas  between 
the  liquid  and  vapor  phase  it  will  not  be  necessary  to  remove  any,  or 
at  least  all,  of  the  gases  dissolved  in  the  water  or  solution  in  order  to 
determine  its  amount.  The  ideal  method  of  determining  the  amount  of 
the  gases  dissolved  in  a  water  or  solution  would  be  to  prepare  and  know 
the  composition  of  a  gas  phase  which  was  in  equilibrium  with  our  water 
at  a  known  temperature  and  we  could  then  calculate  with  accuracy  from 
known  data  each  constituent  in  the  water.  While  we  have  not  found  a 
method  of  doing  this,  it  has  been  found  possible  to  bring  the  water  into 
a  vacuum,  and,  by  shaking,  to  bring  the  system  to  equilibrium;  so  that 
the  dissolved  gases  are  properly  distributed  between  the  gas  and  liquid 
phase,  then  on  analyzing  the  gas  phase  and  knowing  the  temperattu-e 
and  volumes  we  calculate  with  accuracy  from  known  coefficients  of  dis- 
tribution* the  amounts  of  gases  in  the  two  phases,  and  have  the  desired 
information.* 

*  /.  Chem,  Soc.,  55,  552  (18S9). 
»/Wd.,  55*552  (1889). 

*  Wise,  Survey  Bidl.,  23  (191 1). 

*  PlSner  Forschungs  her.,  11, 82  (1904);  Z.  angew.  Chem.,  30, 1930  (1907);  5i?5swa55«r, 
"8  (1907). 

^  LandoU-Bdmstein,  Wied,  Ann.,  44,  318  (1891). 

*  Dr.  J.  J.  Johnson  has  just  called  our  attention  to  an  article  by  Presenius  and 
Graenhut  (Z.  anal.  Chem.,  53,  265).  These  authors  worked  with  a  "Schuettlerohr" 
which  was  devised  by  E.  Reichardt  for  determining  COt  in  mineral  waters.  The  tube 
was  partly  filled  with  the  water,  closed  and  shaken,  part  of  the  COi  entered  the  gas 
phase  increased  the  pressure  and  was  allowed  to  displace  an  equal  volume  of  the  water. 
The  tube  gave  a  rapid  method  for  an  approximate  determination  of  the  COs  and  was 
hased  on  Henry's  I^w. 
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The  apparatus  we  used  to  carry  out  this  idea  consisted  essentially 
of  two  glass  reservoirs  or  bulbs,  cylindrical  in  form  and  having  a  capacity 
of  one  liter,  and  one-half  liter,  respectively.  They  were  fitted  with 
"  130  degree"  three-way  cocks  at  the  upper  ends  and  with  straight  cocks 
at  the  lower  ends.  A  short-range  thermometer  was  fastened  to  the  inner 
wall  of  the  larger  bulb  so 
that  it  was  possible  to 
determine  the  tempera- 
ture of  the  contents  with 
certainty  to  o.  i  Z.  These 
bulbs  were  mounted  on  a 
frame  as  shown  in  Fig.  i. 
The  small  bulb  A  was 
permanently  mounted 
while  the  larger  bulb  B 
was  so  arranged  that  its 
carriage  permitted  of 
either  a  horizontal  mo- 
tion or  of  being  raised 
vertically.  Bulb  A  was 
connected  with  a  gas 
analysis  apparatus  of 
special  design,  C, 
through  a  capillary  tube, 
d.  The  two  bulbs  were 
made  and  mounted  w 
that  they  could  be  joined 
at  either  end  with  each 
other  at  will. 

The  water  to  be  exam- 
ined was  drawn  directly 
into  bulb  B  and  the  codes 
closed  and  there  could 
then  be  no  gain  or  loss  of 
gases.  In  making  a  nm 
bulb  B,  with  the  water 
under  examination,  was 
placed  on  its  carriage 
and  then  joined  to  the  lower  end  of  bulb  A,  by  means  of  suitable  tubing 
and  a  mercury  seal  so  that  there  was  no  air  in  the  connections.  On  open- 
ing the  lower  cocks  on  bulbs  A  and  B,  the  mercury  in  A  flowed  by  gravit)' 
into  the  lower  half  of  bulb  B  and  displaced  an  equal  volume  of  water 
through  the  upper  cock  on  bulb  B.     This  water  was  reserved  for  any 
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Special  tests.  Cock  b  was  closed  and  the  carriage  with  the  bulb  B  raised 
to  the  position  indicated  at  T  and  the  mercury  allowed  to  flow  back  to  bulb 
A,  leaving  the  water  in  bulb  B  in  a  vacuum;  the  lower  cock  on  bulb  B 
was  then  closed  and  the  bulb  was  removed  from  its  support  and  shaken 
vigorously  in  order  to  bring  the  Hquid  and  vapor  phases  into  equilibritun. 
This  operation  required  only  a  couple  of  minutes.  The  bulb  B  was  then 
replaced  on  the  carriage  and  lowered  to  its  original  position  and  again 
connected  with  the  lower  end  of  bulb  A.  The  carriage  was  then  moved 
along  the  slide  rail  so  that  bulbs  A  and  B  were  joined  at  the  upper  ends 
by  means  of  a  ground-glass  joint.  Cocks  a  and  b  were  then  made  com- 
municating and  the  line  evacuated  and  mercury  allowed  to  fill  the  line 
to  the  cock  6.  The  system  was  then  ready  for  a  transfer  of  the  gas  from 
bulb  B  to  bulb  A  without  changing  its  pressure,  an  equal  volume  of  mer- 
ciu-y  flowing  from  bulb  A  to  bulb  B.  Then  the  gas  could  safely  be  brought 
to  any  desired  pressure  over  mercury,  transferred  to  the  gas  buret,  and 
analyzed  in  the  usual  way.  It  was  not  desirable  to  change  the  pressure 
of  the  gas  while  in  contact  with  the  water,  as  some  of  it  would  dissolve. 

Prom  the  amount  of  the  gases  found,  the  volume  and  temperature 
when  in  equilibrium  with  the  water  in  bulb  B,  and  the  known  coefficients 
of  distribution  of  the  gases,  the  total  amounts  of  the  gases  dissolved  in 
the  water  was  calculated.  The  following  formulas  were  used  to  calculate 
the  amount  of  dissolved  gases  in  the  waters  examined: 


..«eii^>+.) 


Where  x  =  total  number  of  cc.  of  the  particular  gas  in  the  sample  of  water 

taken  for  analysis. 
o  ==  number  of  cc.  of  the  desired  gas  actually  removed. 
c  =  solubility  coefficient  of  the  gas  at  the  temperature  observed. 
t  =  temperature  at  which  the  gas  and  liquid  phases  were  at  equi- 
librium. 
T  =  absolute  temperature  of  Centigrade  scale. 

In  case  the  volume  of  the  liquid  and  gas  phases  in  the  bulb  were  not 
equal  the  above  equation  was  modified  as  follows: 


^.aCMT+O 


) 


ft  V       T 

Where  ft  =  volume  of  the  liquid  phase. 
d  =  volume  of  the  vapor  phase. 

The. accompanying  Tables  (I),  (II),  (III)  of  several  series  of  determina- 
tions show  the  agreement  we  obtained  by  the  use  of  this  method  in  de- 
termining dissolved  oxygen  in  various  waters.  The  results  thus  found 
were  calculated  to  standard  conditions  of  temperature  and  pressure 
and  are  expressed  in  cubic  centimeters  of  oxygen  gas  per  liter  of  water 
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as  is  customary.  The  method  was  first  tested  by  numing  check  deter- 
minations against  the  *' Winkler"  method.^  Distilled  water  thorou^ 
aerated  was  used  for  part  of  the  tests,  so  there  was  nothing  present  wfakh 
could  be  oxidized  and  nothing  reduced  save  the  oxygen,  so  the  Winkkr 
method  should  give  correct  values. 

Tabi^b  I. — ^To  Show  Agr9bmbnt  wnn  thb  Winklsr  Mbthod. 


Ami.  of 

(nyfen 

ttmortd. 

EqoU. 
temp. 

Temp,  of 

•u^Ms               Bar  pres. 
of  gas.                  in  mm. 

New  mcUi. 
Cc 

Wiakkr. 
.  per  Hfccf. 

3.18  CC. 

21.4" 

21.3*                759.20 

6.22 

6.22 

3.19 

21.3 

21.0                  766.30 

6.26 

6.36 

3.19 

22.7 

22.3                  755.75 

6.16 

6.14 

3.16 

22.7 

22.3                  756.60 

6. II 

6.13 

3.26 

20.9 

20.3                  762.00 

6.41 

6.41 

3.34 

19.4 

19. I                   766.75 

6.65 

6.63 

3.33 

22.8 

22.4                  762.35 

6.48 

6.52 

3.21 

23.2 

23.4                  762.80 

6.22 

6.27 

3.07 

21.2 

23.6                  745.40 

5.86 

5.84 

3.04 

22.0 

23.0                  753.70 

5.83 

5.86 

4.68 

18. 1 

19.88                749.70 

9.06 

9.07 

Tabus  II. — To  Snow  thb  RBPRODuciBn,iTY 

OP  Our  Mbthod. 

Distilled  Water, 

3.00  CC. 

23.0** 

235**             749.90 

5.708 

3.02 

23.4 

24.0               748.85 

5.730 

3.01 
3.00 

22.9 
22.6 

23.8               749.25 
23.5                74925 

5.717 
5.703 

5.707 

2.98 

22.5 

22.4               750.15 

5.705 

3.00 

23.0 

23.0               750.15 

5.724 

Tablb  hi.— 

To  Show  Agrbbmbkt  on  Various  Wai 

'BRS. 

Aint.of 

axjgtn 

removed. 

BqttU. 
Ump. 

Temp,  of 

anafyda              Bar  pre*, 
of  gaa.                 in  mm. 

New 

WiiiUcr 
method. 

3.94  CC. 

22.3** 

24.0®                761.80 

7.60) 

3.94 

21.6 

23.5                   761.80' 

7.62  V 

7.6a« 

3.93 

22.2 

23.3                  760.10 

7.59  j 

4.33 
4.35 

20.1 
17.2 

20.0                  756.65 
20.0                  756.55 

8.47  \ 
8.5a, 

8.51* 

3.88 

22.0 

23.5                   760.10 

7.49! 

7. 55* 

3.90 

22.0 

23.7                  759.65 

7.51  J 

3.45 

22.8 

23.0                  755.70 

6.63! 

6.59«       ' 

3.46 

22.9 

23.2                  755.70 

6.64/ 

3  63 

21.7 

22.0                  765.25 

7.2o\ 

7.«9* 

3.60 

21.5 

22.0                  765.35 

7.05, 

4.42 

17.4 

20.0                  767.75 

8.79 1 

96s* 

4-43 

17.2 

20.0                  767.75 

8.81/ 

I  Wied.  Ann. 

,  44,  318  (1891). 

1 

•  Water  from  city  tap. 

1 

*  Watjer  from  pond. 

*  Water  from 

sewage  effluent. 
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Carbon  Dioxide. 

Of  the  several  methods  which  have  been  proposed  for  the  determina- 
tion of  free  carbon  dioxide  in  water,  the  so-called  Seyler's  modification 
of  the  Pettenkofer^  method  seems  to  be  the  one  most  easily  adapted  and 
the  most  reliable  one.  It  has  been  fully  described  by  Seyler  in  the  Chem- 
ical News*  and  recently  has  received  exhaustive  study  of  Bllms  and 
Beneker,'  who  reached  the  conclusion  that  it  gives  the  most  accurate  re- 
sults. It  consists  of  titrating  with  sodium  carbonate  and  phenolph- 
thalein.  As  soon  as  the  free  acid  is  neutralized  any  fiuther  addition  of 
soditmi  carbonate  produces  a  pink  color.  In  using  distilled  water  where 
there  are  no  complications  due  to  the  equilibriimi  of  the  dissolved  car- 
bonates and  the  free  carbon  dioxide  in  solution,  the  method  should  give 
reliable  results. 

We  have  applied  our  method  to  the  determination  of  free  carbon  di- 
oxide in  distilled  water  and  have  found  it  to  be  in  excellent  agreement 
with  the  'Seyler  method.  The  same  general  procedure  was  carried  out 
in  determining  the  carbon  dioxide,  as  was  used  for  the  determination  of 
dissolved  oxygen.  The  same  formula  as  was  used  in  calculating  the 
amount  of  dissolved  oxygen  is  applicable  and  was  made  use  of  in  the 
following  determinations.     (See  Table  IV.) 

Tabids  IV. — ^To  Show  Aorbbmbnt  with  thb  Sbylsr  Method. 


Amt.  of  gas 
remoTed. 

BquU. 
temp. 

Anal, 
temp. 

Bar 
pres. 

New  meth. 
Cc. 

Seyler  mc 
COi  perL 

0.45 

cc. 

20. 1® 

20. o* 

749.49 

1-74 

1. 81 

0.46 

19.6 

20.0 

749.49 

1.77 

1.80 

0.46 

21.4 

20.5 

749.49 

1.70 

1. 81 

0.14 

25.0 

20.0 

753  60 

0.51 

0.51 

0.14 

24.7 

20.0 

753  60 

0.51 

0.51 

0.14 

24.8 

20.0 

753.60 

0.50 

0.51 

Table  V. — ^To  Show  thb  RBPRODuciBn.iTY  of  Our  Method. 

0.53 

• 

21.7 

23.3 

764.80 

2.01 

2,00 

0.52 

21.0 

23.1 

764.80 

1.99 

2.00 

0.52 

21.4 

23.5 

765 . 20 

1.98 

2.00 

0.52 

21.2 

23.0 

764.80 

2.02 

2.00 

0.53 

22.2 

23.3 

760.10 

1.98 

2.00 

Nitrogen. 

From  a  survey  of  the  literature  it  was  found  that  a  little  work  has  been 
done  on  the  determination  of  dissolved  nitrogen  in  water.  There  seems 
to  be  no  valid  reason  why  a  knowledge  of  the  amount  of  the  dissolved 
nitrogen  would  not  find  an  important  place  in  the  analysis  of  waters  and 
effluents  were  it  possible  to  determine  it  readily. 

We  were  particularly  interested  when  designing  our  method  to  make 

*  N.  Rep.  Pharm,,  19,  i. 

'  Ckem.  News,  70,  104. 

'  Tms  Journal,  33,  405  (1901}. 
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it  general  in  application  and  thereby  the  determination  of  dissotvs 
nitrogen  of  no  less  importance  than  that  of  dissolved  oxygen  and  caxba 
dioxide  now  so  widely  used  for  the  studies  of  polution  in  harbors  and  nn 
waters  in  this  cotmtry  and  in  England. 

The  only  attempt  to  determine  the  dissolved  nitrogen  in  water  has  bcf 
along  the  lines  of  completely  removing  the  dissolved  nitrogen  by  boilii 
out  the  gas  under  reduced  pressure.  One  has,  however,  but  to  tuni  I 
the  work  of  Roscoe  and  Lunt^  or  Birge  and  Juday'  on  the  determinatii 
of  dissolved  nitrogen  to  learn  of  the  experimental  difficulties  encoimtc^ 
by  this  general  method. 

By  the  application  of  our  method  we  have  determined  the  dissohj 
nitrogen  in  water  very  readily.  We  have  checked  the  results  obtaiq 
experimentally  by  the  calculation  of  the  theoretical  amount  thorou^ 
aerated  water  can  hold  at  the  particular  temperature  and  pressure,  i 
fotmd  that  the  calctilated  value  was  in  excellent  agreement  with  the  amoi 
determined  by  experiment. 

In  the  following  tables  are  given  the  results  obtained  from  a  sec 
of  duplicate  determinations  using  distilled  water: 

Tablb  VI. 


Amt.  of  gas 
remOYcd. 

Bquil. 
temp. 

Anal, 
temp. 

Bar. 
prea. 

Newactkoll 
perittt.    i 

8.06  CC. 

22.2* 

24.0* 

761.80  mm. 

15.28  Ofti 

8.06 

21.6 

23.5 

761.80 

15. 3« 

8.06 

22.2 

23.3 

760.10 

15.33 

8.08 

21.7 

23.3 

764.80 

15  46 

8.08 

21.0 

23.1 

764.80 

15  45 

8.07 

21.2 

23.0 

Tabi,r  VII. 

764.80 

15.44 

6.52 

23.0 

23.5 

728.40 

12.18 

6.54 

23.4 

24.0 

726.80 

12.17 

6.53 

23.4 

24.2 

726.83 

12.16 

6.52 

22.6 

23.5 

727.75 

12.17 

6.51 

22.9 

23.8 

727.36 

12.14 

6.50 

23.0 

23.0 

729.29 

12.15 

Another  Apparatus  for  the  Determination  of 

The  principle  of  the  method  already  described  by  us  for  the 
mination  of  dissolved  gases  in  water  depends  upon   the   estab 
of  an  equilibritun  between  the  gas  in  the  gas  phase  and  that  in 
This  was  accomplished  by  bringing  the  water  into  a  vacuum  and 
until  equilibrium   was  established.    We   could,   however,   just  as 
have  used  an  indifferent  gas  as  a  vacuum  and  by  shaking  it  with  the 
under  examination  established  an  equilibrium  between  the  two 
When  the  equilibrium  is  established  the  gas  phase  can  be  removed  I 

»  7.  Chem.  Soc.,  55,  552  (1889). 
*  Wise,  Survey  Bull.,  23  (191 1). 
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analyzed  for  the  gas  under  consideration.  The  total  amount  of  the  gas 
dissolved  in  the  water  may  be  calculated  by  the  aid  of  the  formula  pre- 
viously mentioned. 

In  the  determination  of  dissolved  oxygen  by  this  scheme  hydrogen  was 
first  used  as  the  indifferent  gas  in  which  the  equilibrium  was  established. 
A  glass  bulb  of  a  liter  capacity  was  filled  with  the  water  under  considera- 
tion. Hydrogen  was  then  allowed  to  displace  half  of  the  water,  after 
which  the  equilibrium  was  established  by  vigorous  shaking  of  the  bulb 
containing  the  water  and  the  indifferent  gas.  The  gas  phase  was  then 
removed  and  measured  in  a  specially  designed  buret.  A  platinum  wire 
within  the  buret  was  then  brought  to  a  bright  glow  by  an  electric  current, 
whereby  the  hydrogen  and  oxygen  in  the  mixture  of  gases  were  caused  to 
combine  to  form  water,  i.  e.,  2H1  +  Oj  — ►  2H1O,  which  condensed  upon 
the  walls  of  the  buret.  We  have  here  the  advantage  of  a  contraction 
of  three  volumes  for  each  volume  of  oxygen,  but  we  have  here  also  the 
disadvantage  due  to  the  fact  that  the  volume  of  the  oxygen  was  only 
I  to  2%  of  the  total  gas  volume.  If  the  total  volume  was  100  cc.,  then 
the  volume  measurements  should  b^  reliable  to  o.oi  cc  or  less,  in  order 
to  secure  an  accuracy  of  o .  i  %  of  the  oxygen.  This  means  a  more  accurate 
control  of  the  temperature  and  pressure  before  and  after  btuning  out  the 
oxygen  than  can  conveniently  be  secured  in  routine  work,  therefore, 
we  sought  other  ways  of  determining  this  oxygen. 

Oxygen  may  be  readily  removed  from  a  mixture  with  an  indiflFerent 
gas  by  copper,  so  we  brought  our  sample  of  water  into  a  nitrogen  atmos- 
phere and  established  equilibrium.  The.  gas  phase  was  then  passed 
through  potassium  hydroxide  solution  to  remove  carbon  dioxide,  then 
over  glowing  copper,  which  picks  up  the  oxygen.  The  amount  of  oxygen 
uniting  with  the  copper  was  then  determined  indirectly  by  reheating  the 
copper  glower  in  the  presence  of  hydrogen;  the  amount  of  hydrogen 
necessary  to  effect  complete  reduction  to  metallic  copper  being  measured, 
the  amount  of  oxygen  being  one-half  of  this  amount.  By  this  means  we 
were  able  to  obtain  meastuements  on  a  relatively  small  volume  of  hydro- 
gen and  consequently  we  could  readily  obtain  the  desired  accuracy.  If, 
however,  CH4  or  organic  vapor  of  any  kind  gets  into  the  gas  phase  they 
would  be  oxidized  by  the  CuO  and  Os  and  so  too  little  Os  found.  This 
difficulty  could  be  overcome,  as  the  Ns  which  passed  would  contain  the 
COs  formed  from  the  combustion  of  CH4  and  it  could  be  determined,  but 
in  our  work  we  have  had  no  evidence  of  the  presence  of  oxidizable  gases 
or  vapors  in  the  gas  phase.  The  apparatus  we  used  to  carry  out  this  idea 
is  shown  in  Fig.  2. 

The  apparatus  consists  of  a  glower.  A,  made  by  winding  nichrome  re- 
sistance ribbon  spirally  upon  a  quartz  tube  28  cm.  in  length  and  3  mm.  in- 
temal  diameter,  5  mm.  external  diameter.    Fourteen  centimeters  of  the  tube 
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were  heated  by  the  resistance  ribbon,  within  which  region  strip 
copper  foil  one- thousandth  of  an  inch  thick  were  placed  in  such  a  i 
to  permit  of  maximum  surface  exposed.  The  use  of  copper  <rf  extr 
ness  was  found  necessary,  owing  to  the  difficulty  encountered  w] 
thick  copper  of  a  slow  rate  of  reduction  of  the  copper  oxides  by  1 
the  final  value  being  obtained  only  after  several  heatings.  T 
was  probably  due  to  the  formation  of  curpous  oxide,  whidi  p 
beneath  the  surface  of  the  copper.  By  the  use  of  the  very  th 
foil  this  slow  rate  of  reduction  was  obviated  and  one  heating  of  t 
to  550-600°  C.  from  3  to  4  minutes  was  sufficient.     The  ends  of  t 


Fig.  9. 

tubes  were  flared  to  meet  a  glass  complement  which  was  grout 
to  make  these  joints  perfectly  secure  a  thin  coating  of  hard  K 
cement  was  applied  and  the  two  parts  fitted  together  while 
either  end  of  the  short  glass  capillaries  joined  to  the  quartz  t 
sealed  three-way  stopcocks,  w'a.,  B  and  C,  Fig.  2.  One  of  the  ar 
cock  B  was  connected  to  a  hydrogen  generator  by  means  of  a  g 
in  which  was  placed  a  small  platinum  glower.  The  glower  serv* 
the  hydrogen  gas  from  any  possible  oxygen  or  organic  matter  thai 
contain.  The  other  arm  of  cock  B  was  joined  to  a  wash  boti 
special  design,  through  which  the  gases,  as  they  came  from  ball 


_l 


DBTSRIONING  GASES  DISSOLVED  IN  WATERS  AND  EFFLUENTS.     2499 

bubbled  to  remove  carbon  dioxide.  To  one  of  the  arms  of  the  3-way  cock 
C  at  the  other  end  of  the  quartz  tube  there  was  connected  a  calibrated 
gas  buret,  G,  graduated  to  read  to  hundredths  of  cubic  centimeters.  To 
this  buret  was  fitted  a  mercury  leveling  bulb  and  a  manometer  to  aid  in 
obtain  accurate  readings.  The  other  arm  of  the  code  C  was  connected 
to  the  air  through  a  small  wash  bottle. 

The  water  to  be  examined  was  drawn  directly  into  a  glass  bulb,  £, 
of  a  Uter  capacity.  It  was  fitted  with  a  3-way  cock  on  either  end  and 
carried  a  short  range  thermometer  within  graduated  to  read  to  tenths 
of  degrees.  This  bulb  was  arranged  on  a  carriage  so  that  it  could  be  easily 
removed  in  order  to  shake  the  contents.  After  the  bulb  £  was  filled  with 
the  water  it  was  connected  to  a  source  of  oxygen-free  nitrogen  by  one  of 
the  arms  of  the  upper  cock;  water  was  then  drawn  from  the  bulb  ]>y 
opening  the  lower  cock  until  half  of  the  water  in  the  bulb  was  displaced 
by  the  nitrogen  gas.  The  cocks  were  then  closed,  the  bfdb  E  removed 
from  the  carriage  and  shaken  vigorously  for  five  minutes,  after  which  time 
the  gas  in  the  gas  phase  and  the  gas  in  solution  were  in  equilibrium.  The 
bulb  was  then  replaced  upon  the  support  and  connected  to  the  glower 
by  means  of  a  grotmd-glass  joint.  The  gas  above  the  water  was  then  dis- 
placed without  changing  the  pressure  by  permitting  water  to  enter  the 
bulb  E  through  the  lower  cock,  from  a  reservoir  kept  at  a  temperature  cor- 
responding to  the  temperature  within  the  bulb.  The  gas  displaced  from 
the  bulb  was  bubbled  through  caustic  potash  solution  in  the  washer  B 
and  thence  into  the  quartz  glower  where  the  oxygen  was  picked  up  by  the 
glowing  copper.  When  the  gas  had  all  been  displaced  from  bulb  E 
the  cock  e  was  ttinied  to  permit  the  system  to  be  swept  out  by  nitrogen 
in  order  to  carry  through  the  glower  any  oxygen  in  the  wash  bottle  or 
connections.  The  glower  was  then  allowed  to  cool  in  a  nitrogen  atmos- 
phere. When  it  had  reached  room  temperature  hydrogen  gas  was 
passed  through  the  .glower  and  after  the  system  had  been  thoroughly 
swept  out  by  the  hydrogen,  the  cock  C  was  tiurned  to  permit  the  gas  buret 
G  to  become  filled,  then  cock  B  was  closed  and  the  current  again  turned 
onto  the  glower.  The  copper  which  was  in  part  oxidized  in  the  passage 
of  the  oxygen  laden  nitrogen  from  the  bulb  E  was  now  reduced  by  the 
hydrogen  entering  the  glower  from  the  buret  as  fast  as  it  was  used  up  in 
reduction.  The  water  formed  from  the  union  of  the  hydrogen  and  oxygen 
condensed  upon  the  cold  walls  of  the  glower.  After  complete  reduction 
the  glower  was  allowed  to  cool  to  room  temperature  when  the  difference 
in  the  readings  of  the  mercury  in  the  buret  gave  the  amotmt  of  hydrogen 
which  had  been  used  to  effect  reduction,  account  being  taken  of  the  vol- 
ume occupi^  by  the  condensed  water  and  change  in  volume  of  CuO 
going  to  Cu.    The  amount  of  hydrogen  in  the  biuret  before  reduction 

was  usually  8  cc,  9iiv:  rectuctioa  p. 5  to  i  .o  cc,  r^tnawed  in  buret.    The 
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amount  of  oxygen  actually  removed  from  the  sample  of  water  was  cqul 
to  one-half  of  the  hydrogen  volume  used  up  in  the  reduction  as  the  ooo^' 
bining  volume ;  ratios  of  oxygen  to  hydrogen  is  as  i  :  2.  From  the  amoofe 
of  oxygen  thus  determined  a  knowledge  of  the  actual  amount  of  dissohcl 
oxygen  in  the  sample  of  water  was  obtained  by  use  of  the  formula  gira 
in  the  first  part  of  this  paper. 

It  was  evident  when  making  a  run  that  all  of  the  oxygen  was 
picked  up)  as  a  considerable  portion  of  the  glowing  copper  oppoate 
end  at  which  the  gas  mixture  entered  remained  bright,  showing  no 
of  oxidation. 

In  the  following  table  are  given  the  results  obtained  by  the  use 
this  method  in  determining  the  amount  of  dissolved  oxygen  in 
water.    Both  the  Winkler^  and  our  first  method  for  determining 
were  run  as  checks  on  the  above  method. 


Amt.  of  oxygen 
removed. 

3.22  CC. 

3.25 
3.26 

3.22     21.8 
3.2s 

3 -20 
3.22 
3.20 
3.22 
324 
3.20 


Bqtiil. 
temp. 

21.0 

20.5 

21.8 

21.8 

21.8 

21.5 
21.7 
21. 6 
21.5 
21.7 
21.4 


Room 
temp. 

20.8 
21.0 
20.5 
20.5 
20.5 

20.0 
20.1 
20.0 
20.2 
20.0 
20. 1 


Table  VIII. 

Bmr. 


New  meth.        Winkkr  mrtt 

C^_  «M«  liter. 


Cc.  per  liter. 


755.00 
755.00 
755.00 
755.00 
755.00 

755  02 
755.02 
755  02 
755.02 
754  00 
754.00 


•6.42 
6.48 
6.49 

6.43 
6.47 

6-39 
6.4a 

6.40 
6.43 
6.47 

6.39 


6.40 
6.40 
6.46 
6.45 
6.44 

6.40 
6.4D 
6.40 
6.40 
6.40 
6.40 
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OBSERVATIONS  UPON  THE  QUANTITATIVE  DETERMINAT 

OF  FLUORINE. 

By  William  H.  Adolph. 
deceived  September  4,  1915. 

Berzelius^   originally   precipitated   and   weighed   fluorine    as 
fluoride.     Rose^  suggested  the  precipitation  of  the  fluoride  in  the  pi 
of  carbonate  to  facilitate  filtering.     The  ignition  of  this  combined 
cipitate  and  its  subsequent  extraction  with  acetic  acid  left  calcium  fli 
in  a  granular  form  which  was  easily  filtered.    The  extraction  has 
been  made  with  1.5  N  acetic  acid.    To  test  the  solubility  of 

*  Ber.,  31,  2843  (1888). 
^  Schweigg.  Jour.,  16,  426  (18 16). 

*  Leib.  Ann.,  72,  343  (1849)' 
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fluoride  in  acetic  acid  of  this  strength,  weighed  amounts  of  perfectly  pure 
material  were  digested  in  10  cc.  of  the  acid  on  the  water  bath  for  an  hour, 
filtered,  washed  and  weighed.  The  mean  loss  for  10  cc.  of  the  acid  equaled 
0.0015  g.  calcium  fluoride. 

A  portion  of  the  same  calcium  fluoride,  after  treatment  with  acetic 
add,  was  exposed  for  one  hour  to  a  red  heat  over  an  ordinary  Bunsen 
flame,  when  0.0886  g.  of  material  lost  0.0016  g.  The  change  upon  igni- 
tion was  probably  due  to  the  formation  of  calcium  oxide  with  the  evolu- 
tion of  hydrogen  fluoride. 

It  was  found  by  repeated  experiments  that,  if  the  substance  which 
had  been  ignited  with  consequent  loss  of  weight  was  covered  with  hydro- 
fluoric acid,  evaporated  to  dryness  and  weighed,  the  original  weight  was 
restored.  Thorium  and  cerium  fluorides,  upon  ignition,  pass  into  the 
corresponding  dioxides. 

To  a  solution  of  sodium  fluoride,  there  was  added  a  small  amount  of 
sodium  carbonate,  the  precipitate  produced  in  this  solution,  by  calcium 
chloride,  was  filtered,  ignited  and  treated  with  10  cc.  of  1.5  A/^  acetic  acid. 
The  acid  was  evaporated  to  dryness,  the  residue  taken  up  in  hot  water, 
filtered  and  weighed.    This  was  done  with  several  samples. 

P.  present 0.0344  g.      0.0344  g.      oo344  g-      0.0688  g.      o.i433g. 

P.  found 0.0329  g.      0.0330  g.      0.0328  g.      0.0664  g.      o.  1401  g. 

Loss 0.0015  g.      0.0014  g.      0.0016  g.      0.0024  g.      0.0022  g. 

The  error  here  is  not  proportional  to  the  amount  of  fluorine  present, 
but  is  an  additive  one  depending  upon  the  solubility  of  calcium  fluoride 
in  a  given  quantity  of  acetic  acid.  Consequently  the  method  which  has 
been  suggested  may  be  successfully  employed  by  applying  a  constant 
correction  factor. 

To  test  the  delicacy  of  the  calcium  fluoride  precipitation,  quantities 
of  sodium  fluoride  were  dissolved  in  50  cc.  of  water,  warmed  and  treated 
with  a  solution  of  calcium  chloride. 

Nap  present.         P  present.  CaPs  found.  P  found. 

0.0003  g-  o.oooi  g.  No  precipitate  

0.0009  0.0004  No  precipitate  .... 

0.0015  0.0006  No  precipitate  .... 

0.0022  0.0009  Slight  turbidity  .\.. 

0.0037  0.0016  Distinct  turbidity  .... 

0.0066  0.0028  0.0047  0.0023  g. 

It  has  been  long  known  that  simple  fusion  of  fluorspar  or  calcium 
fluoride  with  sodium  carbonate  will  not  convert  all  of  the  fluorine  into  a 
soluble  form.  The  addition  of  silica  to  the  fusion  mixture  does,  however, 
bring  this  about.  So,  in  applying  the  method  of  Berzelius  to  insoluble 
fluorides  and  minerals,  it  has  been  customary  to  mix  the  fluorspar,  let 
us  say,  with  four  times  its  weight  of  silica  and  six  ^times  its  weight  of  a 
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Bein^  led  the  gas  into  water  and  estimated  the  separated  silica.  Lasoe^ 
adopted  the  laborious  method  of  precipitation  of  the  fluorine  from  this 
solution  as  calcium  fluoride  after  first  separating  the  silica. 

Tammann'  precipitated  the  hydrofluosilicic  acid  formed  as  potassium 
silicofluoride  in  alcoholic  solution,  filtered  and  titrated  the  predjMtatc 
with  standard  caustic  potash,  while  Camot*  precipitated  KsSiPi  by  the 
reaction 

SiF4  +  2KF  =  KjSiFe. 

The  handling  of  the  gelatinous  precipitate  of  potassium  silioofluoridt 
is  not  a  simple  matter;  it  has  been  shown  to  be  not  completely  insoluble 
even  in  50%  alcohol.  The  Carnot  method  has  invariably  given  lower 
results  than  the  other  proqediu'es. 

The  alkalimetric  methods  are  the  most  rapid  and  by  far  the  most  con- 
venient. Penfield*  received  the  silicon  tetrafluoride  in  an  alcohdic  solu- 
tion of  potassium  chloride,  and  titrated  the  hydrochloric  add  set  free, 
using  cochineal  as  indicator. 

Offermann*  received  the  gas  in  water  and,  using  phenolphthalein,  ti- 
trated according  to  this  equation 

3SiF4  +  2H2O  =  2H2SiF5  +  SiOj. 

2H2SiFe  +  12KOH  =  12KF  +  2Si02  +  8H2O. 

Both  of  these  methods  are  rapid  and  in  the  past  have  given  good  results. 
The  method  of  Offermann*  is  to  be  preferred. 

My  experiments  were  concerned  more  with  the  circumstances  surround- 
ing the  evolution  of  the  silicon  tetrafluoride. 

The  apparatus  involved  nothing  new,  but  was  an  attempt  to  assembk 
the  best  recommendations  made  in  previous  investigations.  A  and  B 
contained  concentrated  sulfuric  acid;  C  soda-lime  and  D,  caldum  chloride, 
these  to  dry  the  air  current.  F  was  made  from  a  100  cc.  distilling  bulb. 
The  entrance  tube  into  F  formed  a  ground  joint  with  the  neck.  F  was 
heated  by  means  of  ^n  air  bath.  G  was  a  small  flask  containing  concen- 
trated sulfuric  acid.  H,  I  and  J  served  to  condense  any  sulfuric  add 
carried  over.  H  contained  glass  beads.  I  and  J  were  empty.  H  and  1 
were  surrounded  by  cold  water.  K  was  an  8-inch  test  tube  contanuflg 
the  water  into  which  the  silicon  tetrafluoride  was  received.  It  was  fonod 
unnecessary  to  employ  a  layer  of  mercury  in  the  bottom  of  K.  The  dangler 
of  the  tube  becoming  clogged  by  deposited  silica  was  obviated  by  spreadiflf 
the  end  of  the  tube  as  indicated.     Air  pressiwe  was  fmmished  at  A  by  a 

*  Z.  anal.  Chem.,  26,  733  (1887). 

*  Bull.  soc.  chitn.,  (2]  50,  167  (1887). 

*  Z.  anal.  Chem.,  24,  328  (1885). 

*  Compt.  rend.,  Z14,  750,  1189  (1892). 

*  Am.  Chem.  J.,  i,  27  (1879). 

*  Z.  angew.  Chem.,  3,  615  (1890). 
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water  pump.  This  was  found  more  convenieut  than  a  gasometer  and 
furnished  a  more  conStant  stream  of  air  than  a  suction  pump  at  K.  A 
number  of  preliminary  experiments  were  made  to  ascertain  the  most  suit- 
able conditions  of  temperature,  etc.;  0.1  g.  samples  of  caldum  fluoride 


were  mixed  with  0.5  g.  powdered  quartz  and  placed  in  the  decomposition 
flask  F.  A  temperature  of  180"  was  used  in  the  preliminary  experiments. 
These  determinations  were  carried  out  in  the  main  in  accord  with  the  de- 
tailed description  of  the  method  below. 

Obserrations  upon  the  Concentnttion  of  Sulfuric  Add  Required. — 
Determinations  employing  laboratory  add  labelled  "concentrated" 
(analysis  =  96-9%  HsSOj). 

CaP(  prcMUt  P  fouDd,  F  found.  P  thc«. 

o.iosag.  0.0425  g.  404%  48.53% 

0.1798  0.0570  43.9 

Determinations  employing  acid  prepared  by  heating  the  above  acid  in 
a  retort  till  about  one-tenth  of  the  volume  had  passed  over  (method  of 
Daniel)  (analysis  =  98.6%  H1SO4).  This  corresponds  to  "constant 
boiling"  acid. 


0.0436  g. 
0.0678 


46-9^ 
47.8 


485*% 


Seemann  has  shown  that  an  acid  of  higher  percentage  formed  by  the 
addition  of  sulfur  trioxide  gives  oif  the  trioxide  on  heating,  and  is  difficult 
to  condense. 

Table  II. — Vakiations  in  Tbufbkature. 


TemptrMun. 
.  ...    180' 

180 

230 

....    310  (b.  p.) 

....  310  (b.  p.) 


C>Fi  pmeat. 
0.0930  R- 


3.0436  g. 

3.0678 

3.0589 

0  0570 

0-0583 

O  0364 

3  0393 
3.0317 


46.9%' 
47  8 


45.3 
35. 7 
32.6 


Pthca 
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The  results  shown  in  Table  II  would  indicate  a  temperature  of  200-220^ 
as  most  desirable.  In  Experiments  4  and  5,  after  titrating  the  solutiflo 
in  K,  the  add  in  the  decomposition  flask  was  raised  to  the  boiling  point 
for  15  minutes  and  the  air  cturent  continued  for  i  hotu-  longer.  It  ms 
hoped  in  this  way  to  obtain  any  fluorine  which  might  not  be  expeUed  at 
220®,  but  which  might  be  driven  over  by  boiling  the  acid.  The  water  in 
K  still  showed  neutral  reaction.  This  would  seem  to  contradict  Danid' 
and  Hileman,'  who  maintained  the  formation  of  an  intermediate  compound 
which  was  only  completely  broken  up  into  gaseous  silicon  tetrafluoridc 
on  boiling  the  sulfuric  acid. 

Repeatedly  in  later  determinations,  toward  the  close  of  the  operation, 
the  temperattu^  of  the  decomposition  flask  was  raised  to  the  txnling  point 
of  sulfuric  add,  but  no  increase  in  the  amount  of  silicon  tetrafluoride 
evolved  was  indicated. 

It  was  also  noted  that  when  heated  over  280°  the  contents  of  the  (k- 
composition  flask  (which  induded  always  i  g.  of  anhydrous  copper  sulfate) 
changed  from  white  to  a  blue  color,  undoubtedly  indicating  that  at  this 
temperature   even   ''constant  boiUng"   sulfuric   add   decomposes  thus: 

H,S04  =  H,0  +  SO, 
One  of  the  most  important  conditions  for  the  success  of  the  method 
where  silicon  tetrafluoride  is  evolved,  has  been  the  exdusion  of  every  trace 
of  moisture  from  the  apparatus.  However,  it  cannot  be  overlooked  that 
water  is  one  of  the  products  of  the  reaction  and  is  just  as  influential  a  fac- 
tor as  the  concentration  of  the  sulfuric  add  used.  The  introduction  of 
a  dehydrating  agent  to  take  up  this  water  is  an  obvious  step.  Drawc' 
suggested  the  use  of  anhydrous  copper  sulfate.  Quantitative  measure- 
ments showed: 


C«F« 
present. 

Quarts 

present. 

Dehydnttinc 
•agent. 

Time. 
Hours. 

P  found. 

Ffoaad. 

Ftheer. 

O.IOI9  g. 

0.33  g. 

None 

3 

0.0484  g. 

47.5% 

48.52% 

0.1243 

0.50 

2  g.  CUSO4 

5 

0.0589 

47.4 

... 

O.I2II 

0.50 

2  g.  CUSO4 

3V1    • 

0.0570 

47.x 

< .  • 

0.0799 

0.30 

I  g.  PjOi 

3V* 

0.0380 

47.5 

... 

The  form  of  silica  used  in  the  formation  of  silicon  tetrafluoride  is  another 
factor  strangely  affecting  the  reaction.  Daniel  found  quartz  preferable 
to  precipitated  silica  and  showed  that  it  is  more  easily  attacked  by  hydro- 
fluoric acid  than  other  varieties  of  silica.  Drawe  suggested  the  use  of 
powdered  feldspar  as  a  **more  easily  combinable  form"  of  silica.  Measu^^ 
ments  with  varying  quantities  of  each  showed  the  results  given  in  Table 
III. 

»  Z.  an^g.  Cheni.,  |8,  357  (19^), 

»  Am.  Jour,  Sci.,  [4)  aa,  329,  3^3  (^906), 
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Tablb  III. 

CaFt  present. 

Of*m 
added. 

Time. 

Bonn.             P  f  oofid. 

Ffouad. 

Ftfaeor. 

0.1243  g. 

0.50 

5 

0.0589  g. 

47.4% 

48-52% 

O.I3II 

0.50 

3Vi 

0.1570 

47.1 

•   •    ■ 

0.1235 

0.23 

4 

0.0583 

47.6 

•    •    • 

0.0900 

0.08 

3V. 

0.0413 

45.9 

•    •    • 

Precipitated  silica  present. 

0.0859 

0.20 

8 

0.0378 

44.0 

48.52 

Feldspar  present. 

0.1013 

0.59 

2V4 

0.0466 

46.0 

48.52 

O.I 168 

0.50 

aV4 

0.0540 

46 -3 

0.0696 

0-45 

aVt 

0.0325 

46.7 

0.0781 

0.40 

aVi 

0.0361 

46.2 

0.0641 

0.35 

2 

0.0293 

45.7 

0.1547 

0.20 

•3V1 

0.0719 

46.4 

The  results  in  using  quartz  were  the  most  satisfactory,  while  the  ap- 
plication of  silica  in  the  form  of  feldspar  evolved  the  gas  in  a  manner 
which  was  more  easily  swept  along  to  the  absorption  tube,  with  a  conse- 
quently much  shorter  time  required  for  the  determination.  When  quartz 
was  employed,  a  continued  agitation  of  the  decomposition  flask  was  neces- 
sary to  break  up  the  small  bubbles  of  gas  remaining  collected  on  the  stu-- 
face  of  the  sulftuic  add,  while  with  feldspar  the  silicon  tetrafluoride  was 
evdved  on  heating  almost  as  readily  as  is  carbop  dioxide  from  a  carbonate 
on  treatment  with  acid. 

The  Details  of  the  OfFermann  Method. — The  standardized  procedure 
which  the  above  experiments  seemed  to  recommend,  and  which  was  used 
in  all  the  subsequent  determinations  follows:  The  sample  of  calcium 
fluoride  weighing  0.1-^.2  g.  was  mixed  in  a  mortar  with  three  times  its 
weight  of  powdered  quartz.  (The  quartz  had  been  strongly  ignited  and 
kept  in  a  desiccator.)  This  was  placed  in  P,  about  i  g.  of  anhydrous 
copper  shlfate  was  added  and  25  cc.  of  concentrated  sulfuric  acid  intro- 
duced. (The  sulfuric  add  was  prepared  by  the  method  of  Danid.)  With 
the  stopcock  at  E  dosed,  the  air  bath  was  heated  gradually  till  in  Vs 
hour  the  temperature  had  risen  to  220°.  E  was  then  opened  to  let  an 
air  current  of  about  three  bubbles  per  second  pass  through  the  apparatus 
and  the  temperature  kept  at  220^.  Occasional  shaking  of  the  evolution 
flask  was  found  desirable.  When  the  bubbles  of  silicon  tetrafluoride  had 
disappeared  from  P,  the  flame  was  removed,  the  air  current  continued,  and 
after  about  V«  horn-  the  solution  in  K  was  titrated  with  0.1  N  KOH. 
The  entire  determination  for  fluorspar  required  about  2V2  hours.  A 
angle  vessel  at  K  containing  50  cc.  of  water  was  found  suflRcient  for  the 
complete  absorption  of  the  evolved  gas.  Another  tube  attached  after  K 
gave  always  a  blank  test.    The  apparatus  employed,  at  the  specified 
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temperature,  succeeded  in  completely  condensing  all  sulfuric  add  before 
reaching  K.  After  twenty  successive  determinations,  the  apparatus  was 
taken  apart  and  the  tubes  H,  I  and  J  tested  by  washing  out  with  a  Uttk 
water.  That  from  H  showed  a  distinct  acid  reaction  with  litmus,  I  iras 
very  slightly  acid,  while  J  showed  a  neutral  reaction.  A  total  of  fiftjr 
determinations  was  made  by  this  method. 

As  the  addition  of  feldspar  to  the  contents  of  the  evolution  flask  showed 
an  interesting  behavior,  observations  were  made  upon  other  minerak 
In  each  case  the  mineral  was  finely  powdered  and  intimately  mixed  with 
the  calcium  fluoride  before  this  was  placed  in  the  decomposition  flask. 

Tablb  IV. 

Form  of  CaPt  Time, 

silica  present,    present.        Hoan.  F  foond.        F  foaad.      F 


Calamine 0.59  g.  o.ii53g.  2V1  0.0522  g.      453%     A^S^^t 

Calamine 0.41  0.0919  3     .  0.0418  45.5 

Leucite 0.38  0.0824  4  0.0366  44.5 

Powdered  glass 0.135  0,1321  5  0.0612  46.3 

Sodium  silicate 0.37  0.0961  6  0.0219  22.8 

Wollastonite 0.46  0.1138  2Vj  0.0366  32.1 

Wollastonite 0.56  o.  1072  2*/*  0.0317  29.6 

Pyroxene 0.50  0.0691  2*/*  0.0316  45.7 

These  measurements  are  interesting  in  showing  the  manner  in  wfaidi 
different  forms  of  siUca,  or  at  least  different  forms  of  silicate  combinations, 
may  affect  this  reaction. 

Since  different  forms  of  silica  presented  a  varying  behavior,  it  was  sought 

to  determine  whether  mineral  fluorspar  behaved  in  the  same  manner  as 

precipitated    calcium    fluoride.     The    following    results    were   obtained 

(Table  V) : 

Tablb  V. 

Fluorspar  present. 

PfoumL 

0.0592  g. 

0.0537 
0.0371 

CaFi  artificial. 

0.0589  g. 

0.0570 

0.0583 

Apparently  there  was  no  difference  in  the  behavior  of  these  two  forms  rf 
calcium  fluoride. 

The  fact  that  the  best  determinations  by  the  Offermann  method  arc 
low  is  stiU  to  be  explained.  The  general  belief  has  been  that  there  is  forffled 
in  the  course  of  the  reaction  an  oxyfluoride  of  silicon,  perhaps  of  the  fornmla 
SiOF2,  which  is  not  decomposed  by  sulfuric  add.  The  varied  behavitf 
of  the  several  silicates  in  the  reaction  as  shown  above  is  probably  explaiflw 


Wt.  taken. 

Qiwrts. 

0.1256  g. 

0.50  g. 

O.1130 

0.50 

0.0783 

0.50 

0.0243  g. 

0.50  g. 

0.1211 

0.50 

0.1225 

0.23 

P  wtatA. 

FtiNor. 

47.2% 

48.50% 

47.5 

...» 

47.3 

•  •  • 

47.4 

48.52 

47.1 

•  •  • 

47.6 

•   »  • 
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by  the  formation  of  such  a  compound.  The  aim,  therefore,  should  be  to 
get  conditions  least  favorable  to  the  formation  of  this  oxyfluoride.  The 
solid  residue  remaining  in  the  decompositon  flask  at  the  conclusion  of  each 
determination  was  repeatedly  tested  for  fluorine,  but  the  methods  em- 
ployed failed  to  detect  it. 

Starck^  in  estimating  fluorine  takes  advantage  of  the  double  halide  formed 
on  adding  lead  chloride  to  a  solution  of  soluble  fluoride,  PbFCl.  It  is 
unfortunately  only  applicable  to  soluble  fluorides  and  to  those  in  neutral 
solutions.  Lead  chlorofluoride  is  quite  appreciably  soluble  in  water,  but 
insoluble  in  a  saturated  solution  of  lead  chloride.  A  number  of  other 
soluble  lead  salts  and  other  soluble  chlorides  were  examined,  but  none 
fotmd  which  would  render  the  chlorofluoride  insoluble  to  the  same  degree. 
The  real  difficulty  of  the  method  lies  in  the  washing  of  the  precipitate, 
which  is  a  delicate  matter  even  with  the  use  of  a  Gooch  crucible,  and  re- 
quires the  very  least  amotmt  of  wash  water.  The  precipitate  is  dried  and 
weighed  as  such  in  a  Gooch  crucible.  It  was  found  desirable  to  wash 
with  ice-cold  water.  Satisfactory  results  may  be  obtained  under  care- 
fully standardized  conditions.  An  obvious  advantage  of  the  method  is 
the  fact  that  the  precipitate  weighed  is  about  foiu'teen  times  the  weight 
of  the  fluorine  it  contains.  A  solution  of  sodium  fluoride  was  employed 
and  treated  according  to  the  original  directions. 

F  present 0.0344  g.        o-0344g-        0.0492  g.        0.0863  g. 

PbFCl  found 0.4757  g.        0.4738  g.        0.6743  g.        1 .  1941  g. 

F  fotmd 0.0345  g.        0.0344  g.        0.0490  g.        0.0867  g. 

These  figures  are  typical  of  a  larger  number  of  analyses  which  confirm 
those  reported  by  Starck.* 

An  ".alundum"  filter  cone  was  substituted  for  the  Gooch  crucible.    The 

washing  of  the  precipitate  on  the  cone  was  found  to  require  a  greater 

amotmt  of  wash  water  and  the  results  were  correspondingly  low.     It 

was  then  thought  possible  to  use  in  washing  the  precipitate,  instead  of 

pure  water,  a  saturated  solution  of  lead  chlorofluoride  itself.    This  was 

employed  and  gave  more  satisfactory  results  as  follows: 

F  present....  0.0344  g.  0.0344  g.  0.0344  g.  0.0344  g.  0.0344  g. 
PbFCl  found  0.4641  g.  0.4712  g.  0.4744  g.  0.4816  g.  0.4773  g. 
F  fotind 0.0337  g.        0.0342  g.        0.0344  K-        0.0350  g.        0.0347  g. 

Guyot*  and  Greeff'  have  evolved  a  volumetric  method  based  on  the  pre- 
cipitation of  the  salt  NajFeFe  upon  the  addition  of  standard  ferric  chloride 
to  a  solution  of  a  soluble  fluoride.  This  precipitation  is  complete  in  the 
presence  of  alcohol  and  an  excess  of  sodium  chloride.  The  end  point  is 
read  by  the  use  of  thiocyanate  as  indicator  and  absorption  of  the  red 

*  Z.  anorg.  Chetn.,  70,  173  (191 1). 

*  Compt.  rend.,  71,  274  (1870). 
•Btff.,  46,  2511  (1913). 
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thiocyanate  color  in  an  ether  layer.  A  standard  solution  of  ferric  chloxide 
was  used,  of  such  value  that  i  cc.  «  0.00267  g.  of  fluorine.  Bellucd^ 
has  shown  the  effect  of  varying  the  quantity  of  pure  sodium  chloride  pres- 
ent. The  method  was  applied  to  a  solution  of  sodiiun  fluoride  according 
to  the  recommendations  of  Greeff,  and  gave  reliable  results. 

P  present 0.0344  g.        0.0344  g.        0.0993  K-        0.0585  g. 

NaCl  present i  g.  i  g.  3  g.  i  g. 

F  found 0.0339  g.        0.0339  g.        0.0995  g-        0,0582  g. 

In  several  determinations  the  ordinary  sodium  chloride  found  in  the 
laboratory  was  substituted  for  the  c.  p.  salt,  giving  results  as  follows: 

F  present....  0.0344  g.        0.0543  g.        0.0688  g.        0.0866  g.        o.i094g. 
NaCl  present  2  g.  2  g.  2  g.  2  g.  3  g. 

Pfound 0.0331  g.        0.0281  g.        0.0585  g.        0.0643  g.        o.io57g. 

These  values  serve  to  show  that  the  influence  of  slight  amounts  of 
impurities  in  the  sodium  chloride  was  considerable. 

In  the  place  of  sodium  chloride,  pure  potassium  chloride  was  used,  giving: 

F  present 0.0301  g.      0.0343  g.      0.0344  g.      0.0387  g.      0.0585  g.      o.o6i9g. 

KCl  present.  4  g. .  4  g.  4  g.  4  g.  4  g.  4  8- 

F  found 0.0304  g.      0.0341  g.      0.0347  g.      0.0387  g.      0.0587  g.      0.0630  g. 

Hence,  potassium  chloride  recommends  itself  quite  as  well  as  sodium 
chloride. 

Attempts  were  made  to  apply  this  volumetric  method  to  the  analysis 
of  fluorspar.  The  powdered  mineral  was  fused  with  silica  and  sodium- 
potassium  carbonate.  The  silica  was  precipitated  by  ammonium  car- 
bonate and  ammoniacal  zinc  oxide.  The  resulting  solution  was  neutral- 
ized, diluted  to  30  cc,  4  g.  of  potassium  chloride  added,  and  titrated  with 
standard  ferric  chloride  solution.  No  satisfactory  end  point  cbuld  be 
obtained. 

The  Guyot-Greeff  volumetric  method  seems  admirable  for  simple  solu- 
tions of  sodium  fluoride,  but  fails  when  other  substances  are  present. 

Starck  and  Thorin*  have  suggested  the  addition  of  a  known  volume  of 
standard  aromoniiun  oxalate  before  precipitating  with  calcium  chloride, 
with  the  idea  that  the  presence  of  oxalate  would  render  the  calcium 
fluoride  precipitate  more  insoluble  and  at  the  same  time  aid  in  its  filtra- 
tion. The  combined  precipitates  were  brought  upon  a  Gooch  crucible, 
dried  and  weighed  according  to  the  original  directions.  The  known 
weight  of  the  calcium  oxalate  was  subtracted  from  the  total.     Results: 

CaCt04        CaFs  -h  CaCtOi         CaPt 
P  present.  present.  found.  found.  P  found. 

0.0344  g.         0.1097  g.         0.i787g.         0.0690  g.         0.0336  g. 
0.0344  0.1097  0.1786  0.0689  0.0335 

0.0344  0.1097  0.1796  0.0699  0.0340 

^  Ann.  chim.  appl.,  z,  441  (19x4). 
*  Z.  anal.  Chem.,  51,  14  (1912}. 
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It  was  found  preferable  to  determine  the  strength  of  the  ammonium 
oxalate  solution  by  precipitation  and  weighing  as  calcium  oxalate,  rather 
than  by  titration  with  permanganate.  The  numerical  results  of  Starck 
and  Thorin  are  verified,  but  the  combined  precipitate  of  calcium  fluoride 
and  oxalate  was  found  extremely  difficult  to  filter  and  handle,  contrary 
to  the  observations  of  the  original  proposers  of  this  modification.  The 
method  is  obviously  limited  to  the  estimation  of  fluorine  in  neutral  solu- 
tions of  soluble  fluorides  in  the  absence  of  most  other  substances. 

Precipitation  as  Thorium  Fluoride. — ^Thorium  fluoride  is  precipitated 
in  gelatinous  form,  but  becomes  rapidly  granular  and  easy  to  filter  on  stand- 
ing. A  ftuther  advantage  lies  in  the  fact  that  simple  ignition  transforms 
it  to  dioxide,  in  which  form  it  may  be  weighed.  The  fluoride  must  be  pre- 
cipitated, moreover,  in  strictly  neutral  solutions.  The  best  results  ob- 
tained were  far  from  satisfactory. 

F  present 0.0688  g.'  0.0344  g.  0.0344  g. 

F  found 0.0661  g.  0.0368  g.  0.0339  g. 

Some  doubt  was  felt  whether  simple  ThF4  could  be  precipitated  from  a 
solution  of  sodium  fluoride  without  being  accompanied  at  the  same  time 
by  NajThFe.  A  solution  of  about  0.5  g.  of  sodium  fluoride  was  treated 
with  an  excess  of  thorium  nitrate  in  neutral  solution.  The  washed  pre- 
cipitate was  dissolved  in  add,  the  thorium  precipitated  by  ammonia, 
and  from  the  filtrate  a  small  amount  of  sodium  chloride  was  obtained. 

A  number  of  characteristic  reactions  for  the  metals  are  known,  upon 
which  the  presence  of  fluorine  exercises  an  inhibitory  influence.  Steiger*s^ 
method,  improved  by  Merwin,*  takes  advantage  of  the  color  produced 
on  treating  a  titanium  solution  with  hydrogen  peroxide.  Fluorine  tends 
to  destroy  this  color.  This  "fading"  effect  can  be  readily  measured  by 
comparing  the  depth  of  color  of  two  equivalent  titanitun  solutions,  one 
of  which  contains  the  fluorine,  while  the  other  does  not.  This  indirect 
method  was  worked  out  in  the  U.  S.  Geological  Survey  for  analysis  of 
fluorine-containing  minerals  and,  as  pointed  out  by  the  authors,  is  only 
applicable  to  fluorine  in  very  small  amounts.  They  also  emphasize  the 
necessity  of  each  analyst  carefully  setting  for  himself  standard  conditions 
and  developing  a  factor  which  shall  satisfy  his  own  conditions  of  operation. 

To  calculate  the  factor:  About  0.02  g.  of  calcium  fluoride  was  taken, 
fused  with  silica  and  i  g.  of  soditun  carbonate,  extracted  with  water  and 
the  silica  precipitated  with  ammonium  carbonate.  To  the  solution  were 
added  3  cc.  of  hydrogen  peroxide,  10  cc.  of  titanium  sulfate  (=  o.oi  g. 
TiOj),  6  cc.  of  sulftuic  acid  and  the  whole  diluted  to  100  cc.  Its  depth 
of  color  was  compared  by  means  of  a  Duboscq  colorimeter  with  another 
titanium  solution  prepared  imder  the  same  conditions,  but  containing  no 

*  Tms  JouRNAi^,  30,  219  (1908). 

*  Am.  Jour.  Sci.,  [4]  a8,  119  (1909). 
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fluorine.    A  blank  reading  to  provide  for  the  influence  of  sodium  sulfate 

gave  the  number  103.     Substituting  in  the  formula, = — -  =  grams 

of  fluorine,  the  following  readings  gave: 

Calcmm  fluoride.  F  prcseent.  Ratio  R.     Pactor  X  <:iilrtihtfd 

0.0142  g.  0.0068  g.  120  2500 

0.0182  0.0088  125  2500 

Using  this  formula,  ^,  the  following  results  were  obtained: 

Caldnm  flaoride.  F  present.  Ratios.  P  calcnlated. 

0.0230  g.  0.0115  g.  132  O.Oll6g. 

0.0389  0.0188  150  0.0188 

These  figures  show  that  imder  standardized  conditions  reliable  results 
can  be  expected.  A  less-concentrated  titanium  solution  provides  for 
still  smaller  amounts  of  fluorine.  On  a  qualitative  basis  alone,  the  method 
stands  as  probably  the  only  satisfactory  means  of  detecting  in  a  silicate 
amounts  of  fluorine  less  than  a  milligram. 

Fluorine  likewise  produces  a  fading  effect  upon  the  color  produced  be- 
tween a  ferric  salt  and  ammonitmi  thiocyanate.  The  red  color  is- more 
suitable  for  comparison  than  the  titanium  color  and  it  was  thought  would 
lend  itself  to  the  detection  of  larger  amounts  of  fluorine.  A  preliminary 
study  was  made  into  the  extent  to  which  the  thiocyanate  color  would  be 
affected  by  reagents  other  than  fluorides. 

Solutions  were  prepared  as  follows:  A  solution  of  alum  (i  cc.  =  0.01  g. 
of  AI2OS),  a  solution  of  sodium  silicate  (i  cc.  =  0,01  g.  of  SiOj),  a  solution 
of  microcosmic  salt  (i  cc.  =  0.005  g-  of  P2O6).  The  effect  of  each  of 
these  common  constituents  of  rocks,  i,  e,,  AlsOs,  Si02,  P2O6,  was  tried  in 
turn  upon  a  solution  containing  10  cc.  of  ferric  chloride  ( =  0.03  g.  FejOj) 
and  5  cc.  of  5%  solution  of  ammonium  thiocyanate,  diluted  to  50  cc.  and 
compared  with  a  standard  prepared  under  similar  conditions. 

Tablb  VI. 

AhOi.  SiOi.  F^Ok  NatCOi  neutr.  w.  HCI.  NaP. 


Amount.  Ratios. 

Amount.  Ratios. 

Amount. 

Ratios.     Amount. 

Ratios. 

Amount. 

lUtios. 

I  CC.    112 

3  CC.   lOO 

I  CC. 

114               I  g. 

102 

0.0004 

124 

2          150 

10          140 

2 

226              3 

"3 

0.0007 

128 

5          271 

20          148 

3 

decolor-     5 

125 

O.OOIO 

142 

10         350 

.  .           ... 

ized 

... 

0.0014 

161 

0.0018       166 


These  values  with  NaF  arrange  themselves  along  a  curve  which  could 
be  used  in  reading  the  unknown  amount  of  fluorine  present  necessary  to 
produce  a  given  fading  effect,  but  the  decided  deleterious  influence  of  the 
phosphorus,  alumina,  etc.,  which  usually  accompany  fluorine  in  minerals 
shows  the  reaction  not  well  adapted  to  such  a  field.     It  was  further  de- 
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tennined  that  the.thiocyanate  color  is  not  a  permanent  one.  Exposed 
to  light,  a  solution  was  fotind  to  lose  one-half  its  depth  of  color  in  48  hours. 

The  halogens,  chlorine,  bromine  and  iodine  when  passed  through  a 
tube  over  samples  of  fluorspar  heated  to  redness  in  a  boat  produced  no 
reaction  with  the  mineral.  It  is  known  that  hydrochloric  acid  gas  will 
transform  sodium  fluoride  to  sodium  chloride.  The  effect  of  this  gas  was 
tried  upon  fluorspar. 

The  powdered  mineral  was  placed  in  a  platinum  boat  and  heated  in  a 
fairly  rapid  stream  of  hydrogen  chloride  for  5  hours.  To  determine  if  the 
decomposition  was  complete,  the  contents  of  the  boat  after  the  operation 
were  treated  with  water,  when  the  calcium  chloride  formed  dissolved. 
A  high  temperature  was  found  necessary.  At  350^  the  mineral  was  only 
very  slightly  decomposed.  The  amount  of  decomposition  increased  with 
higher  temperature.  At  500^  after  most  of  the  mineral  had  been  acted 
upon  the  resultant  calcium  chloride  fused,  occluding  in  the  fused  mass 
undecomposed  mineral  and  the  action  ceased.  At  450°  the  action  was 
extremely  slow  and  after  8  hours  showed  still  only  partial  decomposition. 
None  of  eight  different  samples,  weighing  o.  i  to  0.2  g.  subjected  to  hydrogen 
chloride  gas  were  more  than  partly  acted  upon.  Apparently  that  tempera- 
ture could  not  be  found,  high  enough  to  cause  complete  reaction  with 
hydrochloric  acid,  and  low  enough  to  prevent  fusion  of  the  calcium  chlo- 
ride. 

The  mineral  cryolite  behaved  in  a  different  manner.  A  sample  of 
0.1380  g.  heated  at  600°  in  hydrogen  chloride  for  6V3  hours  left  a  residue 
weighing  0.0875  g.  which  dissolved  in  a  few  .drops  of  water  to  a  clear  solu- 
tion. A  second  sample  of  0.1252  g.  at  650^  for  6  hours  left  a  residue 
of  0.0823  g.  and  dissolved  completely.  The  aluminum  chloride  formed 
volatilized  completely  and  carried  with  4t  some  of  the  sodium  chloride. 

Lenz,^  desiring  to  estimate  the  amount  of  fluorine  in  an  organic  com- 
pound, heated  the  substance  vrith  caldtun  oxide  and  after  extraction  with 
dilute  acetic  acid  weighed  calcium  fluoride.  Kessler^  applied  this  method 
to  sodium  and  ammonium  fluorides.  The  principle  employed  recalled 
the  J.  Lawrence  Smith  method  for  alkalies;  an  attempt  was  made  to  use 
this  to  aid  in  the  decomposition  of  fluorides  not  decomposable  by  sulfuric 
add.  A  sample  of  topaz,  findy  powdered,  was  intimately  mixed  in  a 
mortar  with  ten  times  its  weight  of  calcium  carbonate  and  three  times  its 
wdght  of  ammonium  carbonate.  This  was  heated  in  a  covered  crucible 
for  15  minutes  with  a  small  flame,  and  for  15  minutes  more  to  int&se 
redness.  The  fluorine,  it  was  thought,  was  now  entirely  transformed  into 
caldum  fluoride  and  the  mass  free  from  carbonate.  It  was  powdered  and 
placed  with  anhydrous  copper  sulfate  and  sulfuric  acid  in  the  apparatus 

»  Ber.,  13,  580  (1879)- 

*  Monatsh.,  aS,  163  (1907). 
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for  estimating  fluorine  by  the  Offermann  method.  The  conditions  (rf 
preliminary  ignition  were  varied  in  a  number  of  trials,  but  the  best  results 
were  always  low. 


Topas  preaent. 

P  found. 

Pfoood. 

PpRMBt 

0.2380  g. 

0.0414  g. 

13.9% 

17.48% 

0.2487 

0.0369 

14.8 

•    ■     • 

0.2240 

0.0321 

14.4 

■     ■     ■ 

0.2449 

0.0352 

14.4 

«     •     • 

This  procedure  failed  to  produce  a  successful  method  for  fluorine.  The 
ignition  with  calcium  carbonate  evidently  led  to  the  formation  of  caldum 
silicate.  It  is  interesting  to  note  that  strikingly  low  results  were  likewise 
obtained  when  this  substance  in  the  form  of  woUastonite  was  applied  to 
the  Offermann  method. 

Additional  Observations. — It  is  possible  that  some  other  metallic  fluoride 
than  those  usually  used  might  be  adapted  to  an  anal3rtical  method.  The 
existing  data  upon  the  properties  and  solubilities  of  the  fluorides  is  ex- 
tremely meager.  The  fluorides  of  most  of  the  metals  were  examinedj 
Many  of  those  generally  regarded  as  insoluble  were  found  not  quantita* 
tively  insoluble,  while  practically  all  were  formed  as  gelatinous  precipi- 
tates quite  impossible  to  filter  and  wash.  Barium  fluoride  has  been  used 
by  Gautier^  in  a  special  method  for  fluorine  in  mineral  water.  Cerium 
fluoride  seemed  to  recommend  itself,  since  on  ignition  it  is  transformed  to 
the  dioxide.  It  was  found  necessary  to  precipitate  the  fluoride  of 
in  a  solution  absolutely  neutral.  The  precipitate  formed  was 
colloidal  and  the  weights  of  cerium  oxide  obtained  always  low. 

There  are  other  volatile  compounds  which  might  be  employed  other 
silicon  tetrafluoride.    Jannasch^  expels  as  hydrofluoric  add  and  cdl< 
in  alkali;  an  elaborate  piece  of*platinum  apparatus  is  required  which 
almost  prohibitive.    The  fluorine  is  then  precipitated  and  weighed 
calcium  fluoride.    The  "etch"  methods  likewise  involve  the  evolution 
hydrogen  fluoride.    The  consequent  measurement  in  some  way  erf 
etching  effect  is  hardly  to  be  favored  as  an  anal3rtical  method. 

Boron  fluoride  is  formed  upon  treating  a  fluoride  with  sulfuric  add  ill 
the  presence  of  boric  anhydride.  In  attempting  to  carry  this  out  usdcr 
conditions  corresponding  to  those  of  the  Offermann  method  for  sSsA 
tetrafluoride,  it  was  found  that  silicon  fluoride  was  likewise  formed  in  tte 
glass  decomposition  flask,  and  carried  along  with  the  boron  fluoride  to  the^ 
absorption  tube  forming  both  H2SiF6  and  HBF4,  incapable  of  being  csd-: 
mated  by  a  simple  titration.  Hydrofluoric  acid  likewise  forms  a  volatitl 
ethyl  ester  which  might  be  applied  if  some  simple  method  of  forming  it; 
analytically  could  be  found. 

»  Compt,  rend,,  152,  546  (1911);  I54.  1670,  1753  (1912) ;  154,  1469  (19x2) 
•  Z,  anarg,  Chem,,  9,  267,  273  (1895). 
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Summary. 
It  may  be  concluded  from  the  preceding  experiments: 

1.  That  by  means  of  a  refusion  with  carbonate  all  the  fluorine  in 
silicate  minerals  can  be  accounted  for  by  the  Berzelius-Rose  method. 

2.  That  the  conditions  have  been  indicated  according  to  which  the  best 
results  can  be  obtained  in  the  volatilization  of  silicon  tetrafluoride  by  the 
Qfifermann  method.  This  method  is  to  be  preferred  for  the  direct  estima- 
tion of  fluorine  in  fluorspar. 

3.  That  the  soluble  fluorides  can  be  most  accurately  determined  by 
precipitation  as  lead  chlorofluoride. 

4.  That  the  only  satisfactory  method  of  determining  and  detecting 
fluorine  in  small  quantities  in  minerals  is  the  colorimetric  method  of 
Steiger-Merwin. 

Ukxvbksity  of  Psmnstlvanxa. 
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AN  ACID-RESISTING  ALLOY  TO  REPLACE  PLATINUM  IN  THE 
CONSTRUCTION  OF  A  BOMB  CALORIMETER. 

By  S.  W.  Park. 
RccelTed  July  26.  1915. 

In  the  construction  of  an  oxygen  bomb  for  calorimetric  purposes  the 
necessity  of  providing  an  interior  surface,  such  as  is  afforded  by  a  plat- 
inum lining,  is  a  recognized  essential  under  all  circumstances,  but  especially 
important  in  the  combustion  of  Illinois  and  related  coals,  where  the  nitro- 
gen and  sulfiu-  result  in  the  formation  of  a  mixture  of  nitric  and  sulfuric 
adds,  equivalent  on  the  average  to  about  30  cc.  of  0.05  N  nitric  acid. 
If  a  solvent  action  with  the  metal  of  the  bomb  occurs,  the  error  is  two- 
fold, in  that  a  too  low  correction  for  the  total  acid  is  indicated,  thus  in- 
creasing the  heat  credited  to  the  fuel,  and  besides,  any  heat  of  solution 
developed  by  such  action  goes  as  a  false  credit  to  the  fuel  also  and  cannot 
be  corrected  for.  The  conditions  as  thus  outlined  would  very  naturally 
suggest  the  desirability  of  devising  a  metal  or  a  complex  which  should 
be  as  resistant  to  the  action  of  acids  as  platinum. 

In  arranging  a  working  program  where  so  little  of  the  underlying  prin- 
ciples have  been  developed,  about  the  only  method  of  procedure  is  the 
purely  empirical  one  of  trying  many  things.  If  we  look  for  suggestions 
toward  the  theories  proposed  for  the  passivity  of  metals,  we  are  impressed 
with  the  fact  that  investigators  in  that  field  are  far  from  agreed  as  to  what 
causes  passivity.  •  At  best,  however,  passivity  is  only  a  transient  condi- 
tion and  would  seem  not  to  be  applicable  to  the  problem  in  hand. 

Another  possible  basis  of  procedure  was  fortnulated  from  reasoning 
somewhat  after  this  fashion.  There  are  many  combinations  of  metals 
and  metalloids  having  solubility  characteristics  quite  different  from  the 


^   I 
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metals  which  enter  into  the  compound.  Or  perhaps,  to  put  it  differently, 
we  have  a  much  wider  range  of  insoluble  substances  among  compounds 
of  metals  with  nonmetals  than  among  metals  themselves.  For  eicample, 
in  Family  VI  of  the  Periodic  Table  we  have  oxygen,  sulfur,  selenium, 
tellurium.  Now  among  the  metallic  oxides  we  have  some  extremely 
insoluble  compounds  as  silicon  dioxide,  aluminium  oxide,  tin  oxide,  etc. 
But  these  compounds  are  brittle,  or  have  no  metallic  properties  which 
fit  them  for  use  where  toughness  or  malleability  are  essential. 

Take  another  combination.  In  Family  IV  we  have  siliam,  mere 
metallic  in  its  properties  than  oxygen.  If  we  combine  silicon  with  iron 
up  to  say  17%  of  silicon,  we  have  a  silicide  of  iron,  which  is  noted  l(x 
its  resistivity  to  solvents.  While  it  melts  and  casts  readily  and  has 
many  applications  in  the  arts,  it  is  an  extremely  brittle  substance  and  of 
such  a  very  high  degree  of  hardness  that  machining  is  impossible. 

In  the  more  metallic  subdivision  of  Family  VI  we  have  cfaromimn, 
molybdenum  and  tungsten,  elements  which  have  many  nonmetallic 
properties  and  combine  with  oxygen  to  form  acid  radicals  for  many  salts. 
They  have  also  distinctively  metallic  properties,  most  pronounced  so 
far  as  ductility  is  concerned  in  the  case  of  tungsten,  less  so  with  chro- 
mium. If  now  we  select  certain  metals  which  are  notable  in  such  charac- 
teristics as  toughness  and  malleability,  and  which  are  at  the  same  time 
in  themselves  somewhat  resistant  to  acids,  we  might  find  some  combina- 
tions which  would  retain  or  accentuate  the  insoluble  feature  of  both 
constituents  and  have  also  a  sufficient  amount  of  toughness  for  working 
with  machine  tools.  The  metals  which  would  naturally  suggest  them- 
selves in  this  connection  would  be  nickel,  cobalt  and  possibly  iron. 

One  further  point  may  be  noted.  If  we  arrange  the  elements  in  an 
electrochemical  series,  and  consider  hydrogen  as  the  dividing  line  be- 
tween the  electronegative  and  the  electropositive  substances,  we  shaB 
find  situated  about  midway  between  oxygen  at  the  extreme  electro- 
negative end  and  hydrogen  these  foiu*  elements,  chromium,  vanadium, 
molybdenum,  tungsten.  Similarly,  if  we  proceed  from  hydrogen  towards 
the  extreme  electropositive  end,  we  shall  find  about  midway  the  elements 
cobalt,  nickel,  iron.  Now  we  might  attempt  to  satisfy  the  ionization 
viewpoint  by  reasoning  in  this  fashion;  here  is  an  electronegative  group, 
chromium,  molybdenum,  etc.,  which  may  be  made  to  enter  into  combina- 
tions with  certain  members  of  the  electropositive  group  in  such  a  way 
as  to  neutralize  or  lower  the  ionization  tendency  of  the  metal  to  the  van- 
ishing point. 

However  hypothetical,  or  better  perhaps  however  vague  this  line 
of  reasoning,  it  served  as  a  starting  point.  The  first  studies,  therefore, 
were  made  on  a  nickel  chrome  series  in  which  the  chromium  varied  from 
5-20%,  the  remainder  being  nickel.    Solubility  tests  were  very  encour- 
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^g  throughout  the  series,  but  there  was  a  marked  increase  of  resis- 
tivity with  the  higher  percentage  of  chromium,  that  is,  the  80  Ni  and  20 
Cr  series.  An  attempt  was  made  to  produce  a  casting  using  this  propor- 
tion. The  difficulties  encountered  were  serious  and  have  constituted 
the  most  troublesome  feature  to  master,  aside  f/om  the  development 
of  the  actual  composition  of  the  alloy.  Three  characteristics  were  espe- 
cially in  evidence  at  this  point:  first,  the  high  melting  point  of  the  mix- 
ture; second,  the  unusual  amount  of  shrinkage  at  the  moment  of  solidi- 
fying; and  third,  the  coarsely  crystalline  texture  of  the  metal.  The 
attempt  to  pour  the  80-20  member  of  the  series  into  a  molded  form  re- 
sulted in  the  production  of  a  casting  which,  in  places,  had  more  the  property 
of  a  sieve  than  of  a  solid  metal. 

A  series  was  next  devised  in  which  it  was  sought  to  introduce  a  third 
metal  which  might  lower  the  melting  point  without  decreasing  the  re- 
Mstivity  of  the  mixture.  Copper  was  selected  for  this  purpose  chiefly 
because  of  its  relatively  low  melting  point.  It  is  readily  soluble  in  nitric 
acid,  however,  and  it  was  considered  probable  that  it  would  lower  the 
resistivity  of  the  series.  Up  to  a  certain  point,  however,  the  opposite 
proved  to  be  true.  The  copper  was  made  to  vary  in  amount  from  5-30%. 
The  action  of  the  acid  was  less  evident  up  to  a  maximum  of  about  10%. 

This  is  a  point  of  fundamental  importance  and  furnished  a  decided 
argument  for  a  study  in  detail  of  the  ternary  series  thus  represented. 
This  is  now  being  carried  on  and  cannot  be  dwelt  upon  here.  Encour- 
aged by  the  experience  with  copper,  two  more  metals  were  tried  out, 
such  as  might  be  used  to  advantage  in  the  molten  bath  to  clear  it  of  dis- 
solved gases  and  thus  reduce  the  flaws  in  the  cast  metal.  In  this  way 
the  limit  for  aluminium  and  manganese,  separately  or  together,  was  found 
to  be  about  2%. 

Notwithstanding  the  progress  that  would  seem  thus  to  have  been 
made  in  the  direction  of  lowering  the  melting  point,  the  metal  was  still 
coarse-grained  in  its  fracture  and  seemingly  could  not  be  cast  into  usable 
f«ms.  The  fracture  is  shown  in  No.  7  of  Fig.  i.  The  chaise  for  the 
melt  consUted  of   Ni  =  75%,   Cr  =  20%,   Cu  =  5%. 

However,  the  honey-comb  feature  frequently  in  evidence  in  the  earlier 
castings  had  given  way  to  a  better  texture,  but  there  were  still  minute 


» 


25i8  S.  W.  PAKE. 

Openings  or  pin-holes  which  would  prevent  the  use  of  the  metal  in  a  tn^ 


The  next  modification  which  produced  any  noticeable  in^>rovcmait 
was  secured  by  use  of  a  formula  as  follows : 

Ni 7011am 

Cr 30  parts 

Cu 10  parts 

Mn I  part 

The  close-grained  character  of  the  metal  is  shown  in  the  fracture  d 
No.  14,  Fig.  I.  While  the  pin-holes  were  in  evidence  when  a  castio( 
of  this  composition  in  the  form  of  a  bomb  was  put  under  30  atmospboa 
pressure,  still  the  extent  of  the  porosity  was  sufficiently  reduced  to  aficrt 
encouragement  for  continuing  the   experiments. 

In  devising  the  next  series  the  experience  so  far  seemed  to  indicab 
that  the  further  addition  of  some  metal  might  result  advantageoustj! 
but  this  time  it  was  decided  to  go  to  the  electronegative  side  and  taki 
a  near  relative  of  chromium.  In  test  No.  21,  therefore,  there  was  addti 
four  parts  of  metallic  tungsten.  The  effect  of  this  addition  was  notica 
able  at  once  in  the  fracture  of  the  metal  which  was  now  very  fine-gTaiiii| 
instead  of  coarse,  No.  21,  Fig.  i,  and  for  the  first  time  a  servicea^ 
casting  free  from  pin-holes  was  produced.  It  was  small  and  of  wnA 
form,  being  intended  as  a  cover  for  an  old  platinum  lined  bomb.  As  tbn 
put  into  use  it  proved  to  be  exceedingly  =■"»:-''■>'•*■"-" 

Test  No.  23  was  cast  in  similar  form 
free  from  pin-holes.  Moreover,  the  rei 
best  so  far  obtained.  In  the  accompany 
in  the  texture  of  the  metal  is  shown  by 


No.  8.    Etched  3  min.  in  i^ 
I :  I  HQ  X  60. 
Pig- 3. 
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23.  In  No.  8,  Fig.  2,  the  composition  was  the  same  as  that  used  in  test 
No.  7  of  Fig.  I,  while  in  No.  23,  Fig.  3,  the  composition  was  the  same  as 
that  used  in  No.  21,  Fig.  i. 

A  much  more  difiELcult  problem  still  remained  so  far  as  casting  the 
metal  was  concerned  in  attempting  to  produce  the  main  body  of  the 
bomb,  about  5  kilos  in  weight,  in  perfectly  homogeneous  form.  This 
was  secured  in  test  No.  40,  and  the  finished  bomb  was  put  into  commis- 
sion about  February,  19 12,  since  which  time  it  has  served  in  more  than 
1500  combustions,  without  evidence  of  corrosion.  Many  of  the  deter- 
minations were  made  parallel  with  the  platinum-lined  bomb  and  the 
results  show  conclusively  that  in  actual  service  the  alloy  bomb  gives  re- 
sults equivalent  in  every  respect  to  those  indicated  by  the  platinum 
lined  outfit.  In  Table  I  are  shown  the  acid  titration  values  as  obtained 
from  the  two  instruments  at  such  times  as  they  were  run  parallel  during 
the  years  1912  to  191 4,  inclusive.  For  convenience  the  new  alloy  is  re- 
ferred to  as  "lUium."  It  will  be  seen  that  in  31  determinations  the 
illium  bomb  titrations  were  in  excess.  In  15  cases  the  platinum  outfit 
gave  the  higher  titrations.  In  no  case,  however,  is  the  acid  value  from 
the  illium  bomb  suflBciently  low  to  indicate  a  solubility  effect.  Indeed 
the  variations  are  only  such  as  might  normally  occur  in  the  use  of  the 
same  apparatus. 

Tablb  I. — Aero  Titration  Values  (m  Cc.  of  Standard  Alkau)  Illustrating 
Resistivity  op  an  Illium  Alloy  Bomb  (I)  Compared  with  that  of 

Platinum-Lined  Bomb  (Pt). 

1 86.3    37.2    39.2    49.6    39.9    59.5     32.8    46.6    65.7    65.7    47.8    43.6 

Pt....  76.2    41.5    42.9    51.6    41.4    55.8     31.7     44.7     59.0    43.1     39-9    38.2 

1 20.6    40.6    39.4    44.0    46.0    41.9    40.9    31.8    41.6    44.4    41.2     26.2 

Pt....  22.1     36.7     36.5    40.1     41.5     38.0    42.7    30.5     39.7    37.0    45.4    31.0 

1 26.3    45.5     46.4    29.4    39.0    41.2     40.6    40.5     31.5     44.0    40.6    39.4 

Pt....  20.9    38.5     44.5     29.8    38.0    42.5    36.4    35.5     37.0    40.1     36.7    36.5 

1 43-9    42. T    38.2     46.0    29.4    23.2     16.6     20.4     15.4    20.8     21.6 

Pt —  42.4    37.2     36.4    41.5     29.8     24.9     15.5     20.0     18.4    21.6     22.8 

The  p/operties  of  the  metal  are  further  indicated  by  the  accompan3ring 
illustrations.  Fig.  4  shows  the  cover  made  from  test  No.  23.  This  cover 
has  been  used  on  the  bomb  shown  in  Fig.  5  made  from  test  No.  40.  Fig. 
6,  showing  the  lathe  chips,  affords  a  good  illustration  of  the  working  proper- 
ties of  the  metal. 

The  method  adopted  for  measuring  the  action  of  adds  was  as  follows: 
Test  pieces  were  prepared  having  as  nearly  as  possible  a  superficial  area 
of  10  sq.  cm.  The  strength  of  acid  employed  was  4  N  nitric  and  the 
loss  of  weight  was  determined  after  a  submergence  in  the  add  for  24 
hours.     Calculations  were  then  made  of  the  loss  in  wdght  per  hour  for 
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jlybdenum  is  used,  tlie  tensile  strength  is  from  50,000  to  55,000  pounds 
r  square  inch. 

A  temperature  of  approximately  1600°  is  necessary  to  secure  a  perfect 
lit.    As  might  be  expected,  the  dissolved  gases  are  troublesome  and 


Mblt  No.  117. 
natage  Compositioii  of  lUium  Alloy.    Analytical  Results  by  P.  E.  Rowland  and 
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they  must  have  a  liniog  of  silidous  material,  owing  to  the  readiness  with 
which  carbon  is  absorbed  by  the  molten  material 

The  analysis  of  the  product  requires  a  special  study  of  methods.  This 
has  been  carried  out  with  fairly  satisfactory  results.  The  composttioD 
of  a  representative  sample  was  found  as  shown  in  the  preceding  table. 

No  detennination  thus  far  has  been  made  for  carbon,  boron  or  titanium. 

Ubbaiia.  Iiaoiois. 


A  CORRECTION. 

In  an  article  entitled,  "Can  the  Dissociation  Theory  be  Applied  to 
Solid  Solutions  in  Steels?"  which  appeared  in  the  September  number  of 
This  Journal,  the  specific  resistances  of  the  steel  which  had  been  hard- 
ened and  subsequently  reheated  to  different  temperatures  were  given.  In 
order  to  render  the  values  as  near  the  absolute  value  as  possible  correc- 
tions to  the  observed  values  necessitated  through  the  calibrations  of  the 
recording  instruments  were  made.  The  corrections  expressed  in  microhms 
due  to  the  high  reading  of  the  ammeter  used  amount  in  the  present  case 
to  from  0.2I  to  0.24  microhms,  according  to  the  specific  resistance.  As 
the  ammeter  read  too  high  these  corrections  should  have  been  subtracted 
from  the  observed  values,  but  by  mistake  the  corrections  were  in  all  cases 
added.  In  order,  therefore,  to  reduce  the  values  reported  to  their  true 
value,  from  0.42  to  0.48  microhms  should  be  subtracted  from  the  figures 
given  in  the  table.  This  correction  would  in  no  way  affect  the  significance 
of  the  results  or  any  deductions  drawn  therefrom. 

E.  D.  Campbsll. 
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Bt  C.  Lokimo  Jacxbom  amd  Rooss  Aoami. 
Received  August  28.  1915. 

In  an  earlier  paper^  A.  H.  Fiske  and  one  of  us  described  two  adds,  one 
melting  at  207  °,  the  other  at  174^,  made  by  the  action  of  sodium  hydroxide 
on  tetrabromo-c7-quinone,  and  it  was  also  stated  that,  when  treated 
with  bromine  and  water,  these  acids  were  converted  into  a  yellow  di- 
ketone,  to  which  the  formula  CBrsCHBrCOCOCBrs  was  assigned.  On 
continuing  the  study  of  this  compound  we  have  found  that  this  formula 
is  not  the  true  one,  but  that  it  is  really  the  hexabromodiacetyl  CBrjCOCO- 
CBra.  The  data  on  which  this  conclusion  rests  are  given  in  Table  I 
containing  all  the  analytical  results  obtained  by  us  from  the  substance 
itself  and  its  principal  derivatives.  The  first  column  gives  the  percentages 
calculated  for  CBrsCHBrCOCOCBrt,  the  second  the  data  obtained  by 

^  Am.  Chem.  J,,  50,  341  (19x3). 
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Dr.  Fiske  in  the  earlier  part  of  the  work,  the  third  those  obtained  in  the 

work  described  in  this  paper,  and  the  fourth  the  percentages  calculated 

for  CBr,COCOCBr». 

Tabids  I. 
1. 

CBoCHBrCOCOCBit. 

Br 85.96 

C 9.20 

H 0.15 

MW 653 

Methyl  Alcohol  Addition. 
CBnCHBrCOCCOHOCHOCBn. 


2. 
Flike. 

3. 
Adatna. 

4. 
CBnCOCOCBn. 

85.78;    86.00 

85.88 

85.70 

9.84;      9.47 

8.62 

8.57 

0.58;      0.50 

0.40 

0.0 

•   •    ■    ■ 

514;  5"! 

560 

CBnCOC(OHOCHi)  CBn.- 


Br 81.75 

C 10.51 

H 0.73 

MW 685 


81.21;  81.32  81.17;  81.01;  81.27'  81.08 
10.52                     10.26  10.14 
0.97                       0.86  0.68 
584;  588;  6oi*  592 

Ethyl  Alcohol  Addition. 
CBnCHBrCOC(OHOG»Hi)CBn.  CBnCOC(OHOCiHi)CBn. 


Br 80.11 

C 12.01 

H 1.00 

MW 699 


80.17;  79.75  79.30;  79- 11;' 79.52  79.20 
12.35                 12.01;  11.99  11.88 
1.25                   1.12;    1.09  0.99 
597;  582  606 


Benzyl  Alcohol  Derivative. 
CHBnCHBrCOC(OHOCvHT)  CBn. 


Br 70.48 

C 21. li 

H 1.32 

MW 681 


67.89;  68.29 
22.58 
1.90 


68.01* 
22.43 

1.77 
580;  575;  577 

Acetone  Reductions. 


CHBnCOCCOHOCrHOCBn. 
67.92 
22.42 

1.53 
589 


CHBnCHBrCOCOCHBn. 

Br 80.81 

MW 495 

CHBnCHBrCOC(OHOCiHi)CBn. 

Br 77.41 

C 13.55 

H 1.29 

MW 620 


CHBnCOCOCHBn. 

79.68;  79.80;  79.58*       79.60 

375;  383  402 

CHBnCOC(OHOCiH«)  CBn. 

76.02;  76. 43«  75.91 

13.86  13.67 

1.54  1.32 

502  527 

o,  C«He  12.874.    Subs.  0.3010,  0.2348,  AgBr 


^Subs.  0.7705,   i.3457»  A  0.57,   i 
0.6074,  COs  0.0742,  HsO  0.084. 

'Subs.  0.1483,  0.1987,  0.2394,  0.3090,  AgBr  0.2829,  0.3783,  0.4571,  COj  0.1162, 
H|0  0.0241.     Subs.  0.2151,  0.4482,  0.6655,  A  0.15,  0.31,  0.45,  C«He  12.290. 

*Sub8.  0.1515,  0.1449,  0.1210,  0.2324,  0.2523,  0.2256,  0.5057,  AgBr  0.2823,  0.2693, 
0.2361,  COi  0.1024,  0.1 110,  H|0  0.0235,  0.0248,  A  0.15,  0.345,  CeHe  12.580. 

^Subs.  0.1602,  0.2457,  0.2292,  0.4267,  0.7335,  AgBr  0.2560,  COi  0.2021,  HjO 
0.0393,  A  0.165,  0.31,  0.53,  CeH«  11.971- 

*  Subs.  0.1918,  0.1529,  0.1271,  0.2465,  0.6717,  AgBr  0.3591,  0.2866,  0.2381,  A  0.27, 
0.72,  CA  12.164. 

*Sttbs.  0.1427,  0.1416,  0.2230,  0.1850,  AgBr  0.2549,  0.2543,  COs  0.1133,  HsO 
0X)309,  A  0.135,  CJHe  13-639. 
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This  table  brings  to  light  the  astonishing  fact  that  the  peroentages 
calculated  for  the  two  formulas  of  the  diketone  and  its  methyl  and  ethyl 
hemiacetals  di£fer  by  less  than  1%,  so  that  it  is  impossible  to  distinguish 
between  them  by  these  analyses,  and  further  that  the  data  at  hand,  when 
the  earlier  paper  was  written,  justified  the  adoption  of  the  heptabromo- 
methyldiacetyl  formula  instead  of  that  of  the  hexabromodiacetyl,  since 
the  results  from  the  benzyl  compound,  which  alone  told  against  it,  re- 
mained imintelligible  until  our  later  work  had  shown  the  ease  with  which 
bromine  is  replaced  by  hydrogen  in  these  substances. 

When  at  last  the  nature  of  this  benzyl  derivative  was  understood,  it 
became  one  of  our  strong  arguments  in  favor  of  the  hexabromodiacetyl 
formula,  which  was  established  without  question  by  the  molecular  weight 
determinations,  the  analyses  of  the  other  reduction  products,  and  es- 
pecially by  the  fact  that  the  compound  formed  from  it  by  the  action  of 
acetone  was  identical  with  tetrabromodiacetyl  made  from  bromine  and 
diacetyl  in  its  melting  point  94-95®  (uncorr.)f  and  in  its  very  character- 
istic yellow  coffin-shaped  crystals.  The  heptabromomethyldiacetyl  and 
its  derivatives  therefore  must  be  struck  from  the  list  of  known  compounds. 

So  far  as  we  can  find,  hexabromodiacetyl  has  been  prepared  only  from 
tetrabromo-o-quinone  as  described  in  this  paper.  Some  attempts 
of  our  own  to  prepare  it  with  bromine  and  diacetyl  led  only  to  the  known 
tetrabromodiacetyl  in  confirmation  of  the  work  of  our  predecessor,*  and 
when  we  tried  to  introduce  more  bromine  into  this  substance  by  exposing 
a  mixture  of  it  with  bromine  to  the  stmlight,  no  action  was  observed. 
Upon  heating  the  mixture  in  a  sealed  tube  an  action  took  place,  but  the 
product  was  so  tarry  that  we  did  not  continue  our  experiments  in  this 
direction. 

'  The  most  striking  property  of  the  hexabromodiacetyl  is  the  ease,  with 
which  it  forms  the  monomethylhemiacetal  CBriCOC(OHOCH,)CBr, 
melting  at  105**  (uncorr.),  or  the  corresponding  ethyl  compound  melting 
at  96-97  °  (uncorr.)  by  standing  in  the  cold  with  the  alcohol.* 

So  far  as  we  know,  these  are  the  first  hemiacetals  prepared  from  di- 
ketones  with  open  chains,  but  such  compounds  have  been  obtained  from 
ring  diketones  and  the  closely  related  para  and  orthoquinones.'  This 
easy  formation  of  hemiacetals  from  hexabromodiacetyl  CBrjCOCOCBi 
seemed  to  us  to  deserve  study,  but  we  have  had  time  to  try  only  a  few 
experiments,  and  therefore  all  the  statements  which  follow  are  liable  to 
revision  after  a  fuller  study  of  this  subject.     It  seems  probable  that  the 

»  Keller,  Ber.,  23,  35  (1B90). 

*  Am.  Chem.  J.,  50,  367  (1913).  The  melting  points  in  this  earlier  paper  are  some- 
what lower  than  those  given  above,  which  is  principally  due  to  our  discovery  that 
petroleum  ether  is  an  almost  perfect  solvent  for  these  compounds. 

•  Zincke,  Amst,  Ann.,  267,  319,  331;  Jackson,  Grindley,  Am.  Chem.  J.,  I7>  579 
(1895);  Jackson,  MacLaurin,  Ibid.,  38,  127  (1907);  Jackson,  Flint,  Ibid.,  39,  80  (1908). 
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diketone  structure  is  more  favorable  to  the  formation  of  hemiacetals 
than  the  ketone,  since  we  were  unable  to  make  one  by  the  action  of  alcohol 
on  pentabromoacetone;  but  in  spite  of  this  the  diketones  apparently 
stand  at  the  bottom  of  the  Ust  of  hemiacetal  producing  compounds,  since 
it  was  necessary  to  have  this  structm-e  reinforced  by  the  6  atoms  of  bromine, 
neither  tetrabromodiacetyl,  nor  dibromodiacetyl,  nor  diacetyl  itself 
showing  any  trace  of  the  formation  of  a  hemiacetal,  when  treated  with 
alcohol.  Aldehydes  and  quinones  on  the  other  hand  need  much  less 
help  from  the  presence  of  halogens,  the  monochloroaldehyde  certainly 
forming  a  hemiacetal,  and  it  is  even  possible  that  aldehyde  itself  does, 
although  the  evidence  in  this  case  is  not  convincing.^  Tetraethoxy-p- 
quinone  also  forms  an  unstable  hemiacetal,  although  in  this  case  by  the- 
action  of  sodium  alcoholate  instead  of  alcohol,  and  both  the  para  and 
orthoquinones  give  stable  hemiacetals  with  much  less  halogen  (2  to  3 
atoms)  than  the  diketone. 

The  hemiacetals  derived  from  hexabromodiacetyl  show  a  remarkable 
stability  toward  acids.  In  fact  we  have  not  succeeded  in  recovering 
the  diacetyl  from  them,  whereas  chloral  alcoholate  is  decomposed  by  strong 
sulfuric  acid  in  the  cold,  and  the  hemiacetals  of  the  paraquinones  even 
by  dilute  hydrochloric  add  at  ordinary  temperatm-es,  while  those  of  the 
orthoquinones,  although  more  stable,  yield  to  acids  at  higher  temperatures. 
It  is  interesting  that  in  these  cases  the  greater  stabiUty  belongs  to  sub- 
stances with  the  carbonyls  adjacent.  In  view  of  the  easy  formation  of 
hydrates  from  substituted  aldehydes  it  is  strange  that  we  have  observed 
no  sign  of  the  formation  of  a  hydrate  from  hexabromodiacetyl. 

In  all  the  hemiacetals  isolated  by  us  only  one  of  the  carbonyls  of  the 
hexabromodiacetyl  was  affected  by  the  alcohol,  but  there  are  some  in- 
dications that  the  action  could  extend  to  the  other  also,  since,  when  the 
diketone  stood  for  a  long  time  with  absolute  methyl  alcohol,  a  thick, 
red  oil  was  obtained  instead  of  the  crystalline  hemiacetal,  and,  when  it 
was  boiled  with  the  alcohol,  a  less  pure  product  resulted  than  in  the  cold. 
Both  of  these  observations  can  be  explained  by  the  formation  of  a  di- 
hemiacetal,  but  more  experiments  are  necessary  before  this  explanation 
is  accepted.  The  orthoquinones  show  a  similar  tendency  to  form  mono- 
hemiacetals. 

We  consider  these  compounds  hemiacetals,  because  we  can  find  no  other 
way  in  which  the  alcohol  could  be  attached  to  the  diketone;  and  this 
view  is  supported  by  the  formation  of  an  oxalic  ester  in  addition  to  bromo- 
form^  when  the  ethyl  compound  was  decomposed  with  water  at  100®. 
Some  of  their  properties  however,  are  different  from  those  we  should  have 
expected  of  hemiacetals.     For   instance,    their   stability   toward   acids. 

*  Jaoobsen,  J5«r.,  4,  215  (1871);  Renard,  Ibid.,  8,  132  (1875). 

•  Am.  Chem.  J.,  50,  368  (1913). 
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since  they  were  not  decomposed  by  boiling  hydrobromic  acid,  or  by 
dilute  sulfuric  add  boiling  at  135^.  At  150^  the  add  decomposed 
them,  but  no  hexabromodiacetyl  was  recovered.  Further  acetic  anhydride 
or  acetyl  chloride  had  no  action  on  them  in  spite  of  the  hydroxy!  tliej 
contain.  Although  these  properties  are  unexpected,  they  are  not  in- 
compatible with  the  hemiacetal  formula.  These  hemiacetals  are  somewhat 
more  stable  toward  alkalies  than  the  hexabromodiacetyl,  but  are  decom- 
posed by  them  with  the  formation  of  bromof orm,  and  at  least  in  the  ethyl 
compound  an  oxalic  ester.  A  greater  stability  is  also  shown  by  the  fact 
that  they  are  unaffected  by  hydriodic  add,  which  acts  on  the  mother 
substance  in  a  way  to  be  described  presently. 

The  hexabromodiacetylmonomethylhemiacetal  was  observed  in  3 
different  sorts  of  crystals,  when  the  solvent  used  was  petroleum  ether. 
(a)  Long  needles;  (b)  short  broad  square  ended  prisms,  which  may  have 
been  only  a  different  habit  of  the  first  form;  and  (c)  octahedra  apparently 
of  the  tetragonal  system,  whereas  the  other  two  seemed  to  be  ortho- 
rhombic.  This  last  form  also  has  a  much  more  brilliant  lustre  than  the 
others.  All  three  mdted  at  105®  (uncorr.),  and  could  be  converted  into 
the  first  form  by  recrystallization.  On  the  other  hand  the  ethylhemi* 
acetal  was  observed  only  in  long  narrow  plates. 

Benzyl  alcohol  acted  on  the  hexabromodiacetyl  in  a  more  complex 
way  than  the  fat  alcohols,  giving  a  compotmd  containing  only  5  atoms  of  . 
bromine,  for  which  we  have  worked  out  2  constitutional  formulas,  dther 
pentabromodiacetylmonobenzylhemiacetal  CHBrtCOC(OHOC7H7)CBri  or  ] 
benzyloxypentabromodiacetyl  CTHTOCBrjCOCOCBrs.  We  give  the' 
preference  to  the  first  of  these  formulas  for  the  following  reasons:  the 
percentages  of  hydrogen  found  agree  very  well  with  this  formula,  but 
differ  from  that  required  by  the  second  by  a  greater  amount  than  is  foood 
in  any  other  work  by  the  two  analysts  who  made  them.  The  formatioa 
of  a  hemiacetal  is  characteristic  of  the  behavior  of  the  other  alcohols 
with  hexabromodiacetyl,  whereas  no  other  alkyloxy  compounds  have  beet 
observed.  Hexabromodiacetyl  undergoes  the  replacement  of  bromine 
by  hydrogen  also  with  acetone  or  hydriodic  add.  The  substance  is  moie 
stable  toward  alkalies  than  the  mother  substance;  this  property  is  shows 
by  other  hemiacetals,  whereas  a  substance  with  the  second  fomaula  wonkf 
probably  be  less  stable.    Alkalies  give  no  bromoform  with  it. 

Metanitrobenzyl  alcohol  did  not  combine  with  hexabromodiacetyl 

A  few  attempts  to  reduce  the  carbonyls  in  hexabromodiacetyl  p^ 
unsatisfactory  results,  but  hydriodic  add  converted  it  into  telrabronKK 
diacetyl  by  repladng  2  atoms  of  bromine  by  hydrogen;  and  the  sane 
product  was  obtained  more  easily  with  acetone  in  the  cold.  If  aJcohoi 
was  mixed  with  the  acetone,  the  product  contained  pentabromodiacetyl- 
monoethylhemiacetal  CHBr2COC(OHOC2H6)CBrs  mdting  at    115^02- 
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oorr.) ;  but  acetone  mixed  with  methyl  alcohol  gave  no  replacement  of 
bromine  by  hydrogen,  the  only  product  being  hexabromodiacetylmono- 
methylhemiacetal. 

In  forming  the  pentabromohemiacetals  the  replacement  of  bromine 
by  hydrogen  would  be  likely  to  take  place  in  the  CBrs  next  the  unaltered 
carbonyl,  if  it  happened  after  the  formation  of  the  hemiacetal  (which  is 
by  no  means  established) ;  and  this  view  is  supported  by  the  observation 
that  no  bromoform  could  be  detected,  when  the  ethyl,  or  benzyl  penta- 
bromo  compotmd  was  decomposed  by  an  alkali,  whereas  the  hexabromo- 
hemiacetals  give  bromoform  under  these  conditions.  We  have  therefore 
fomiulated  these  compounds  accordingly. 

When  hexabromodiacetyl  was  treated  with  an  aqueous  solution  of 
potassium  iodide,  iodine  and  carbonic  dioxide  were  set  free,  and  a  new 
compound  obtained,  which  melted  with  decomposition  at  120-125^. 
We  think  that  this  substance  is  the  triiodobromoacetone  CIsCOCHsBr, 
but  cannot  support  this  opinion  by  conclusive  evidence.  The  discussion 
of  this  subject  will  be  found  in  the  Experimental  Part. 

The  substance  melting  at  71-72°  mentioned  in  the  previous  paper^ 
as  formed  by  the  action  of  water  on  the  hexabromodiacetyl,  and  also  as 
a  secondary  product  in  its  preparation  has  been  recognized  as  pentabromo- 
acetone.  It  was  also  obtained  by  the  action  of  perhydrol,  or  constant 
boiling  hydrobromic  add  at  100°  on  the  hexabromodiacetyl.  We  are 
unable  to  understand  the  mechanism  of  these  reactions,  but  they  are 
not  without  analogy,  as  pentabromoacetone  is  also  formed  by  the  action 
of  hydrogen  dioxide  on  tetrabromodiacetyl.^ 

Experimental. 
Preparation  of  Hexabromodiacetyli'  CBrsCOCOCBrs.  —  The  proc- 
ess used  by  us  diflFers  in  some  important  details  from  that  described  in 
the  previous  paper,  and  is  therefore  given  in  full.  200  g.  of  sodium 
hydroxide  were  dissolved  in  a  litre  of  water,  and  after  cooling  to  a  few 
degrees  above  zero,  100  g.  of  tetrabromo-(7-quinone  were  added  in  small 
portions  at  a  time  with  constant  shaking.  If  impure  orthoquinone  was 
used,  the  same  product  was  obtained,  but  the  yield  was  materially  lowered. 
The  green  color,  which  appeared  at  first,  gradually  changed  to  brown, 
and  at  the  same  time  enough  gas  was  given  off  to  cover  the  surface  of  the 
solution  with  foam.  The  mixttire  was  allowed  to  stand  in  ice  for  2-3 
hours,  and  then  at  room  temperatures  for  about  5  hours,  after  which 
it  was  potu^  into  400  cc.  of  strong  hydrochloric  acid  (more  than  enough 
for  neutralization)  slowly  and  with  constant  cooling,  so  that  the  tem- 

'  Jackson,  Piske,  Am.  Chem.  J.,  50,  366  (1913). 
*  Keller,  Maas,  CerUrolb.,  1898, 1,  24. 

'  This  substance  was  supposed  by  Piske  and  one  of  us  to  be  heptabromomethyl- 
diacetyl  {Am.  Chem.  /.,  50,  360  (1913)).     See  the  introduction  to  this  paper. 
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perature  of  the  mixture  should  never  rise  above  luke  warm.  The  yellowish 
brown  flocculent  precipitate  of  tetrabromopyrocatechin  formed  in  this 
way  was  filtered  off  after  settling  for  5-10  minutes.  To  the  filtrate  were 
added  2  cc.  of  bromine,  and  the  mixture  shaken,  until  it  was  entirety 
absorbed.  This  treatment  was  repeated,  till  the  presence  of  an  excess 
of  bromine  was  shown  by  the  reddish  color  of  the  liquid,  which  required 
23-25  cc.,  if  the  tetrabromo-o-quinone  was  pure,  13-18  cc.,  if  it  was 
crude.  During  the  treatment  with  bromine  the  red  Uquid  became  at 
first  milky,  then  began  to  give  off  carbon  dioxide,  and  toward  the  end  d 
the  process  a  yellow  precipitate  appeared.  In  5-10  minutes  after  the  end 
of  the  treatment  this  precipitate  had  settled,  when  it  was  filtered  out, 
and  allowed  to  stand  on  a  porous  plate  until  thoroughly  dry,  which  took 
about  a  day.  An  additional  amount  of  decidedly  impure  product  was 
obtained  by  allowing  the  filtrate  to  stand  over  night  with  5  cc.  of  bromioe. 
The  dry  precipitate  was  powdered,  and  extracted  with  successive  por- 
tions of  petroleum  ether  (boiling  30-50°),  until  the  yellow  substance  was 
completely  removed  leaving  a  brown,  tarry  impurity.  Upon  distilling 
off  the  larger  part  of  the  petroleum  ether,  and  cooling  the  residue,  the 
hexabromodiacetyl  crystallized  out  in  a  pure  state,  as  shown  by  its  melting 
point  100-101°*  (uncorr.),  which  was  not  raised  by  recrystallization  from 
petroleum  ether.  The  yield  varied  from  21  to  24  g.  from  100  g.  of  tetra- 
bromo-{?-quinone,  but  fell  as  low  as  12  g.,  if  crude  material  was  used. 
The  analyses  of  this  substance  will  be  found  in  the  introduction. 

Properties  of  Hexabromodiacetyl. — It  crystallizes  from  petroleum 
ether  in  orange  yellow  plates  shaped  like  arrowheads,  and  melts  at  loo-ioi*' 
(uncorr.)  instead  of  at  97-98°  as  given  in  the  previous  paper.  This 
difference  is  probably  due  to  the  removal  of  the  tarry  impurity  left  after 
repeated  extractions  with  petroleum  ether.  It  is  easily  soluble  in  alcohol, 
methyl  alcohol,  ether,  benzene,  carbon  tetrachloride,  or  glacial  acetic 
acid;  slightly  soluble  in  petroleum  ether,  which  is  the  best  solvent  for  it; 
essentially  insoluble  in  water.  It  is  very  stable  toward  acids,  the  three 
strong  acids  having  no  action  on  it  in  the  cold,  or  on  short  wanning  to 
100°.  Fuming  nitric  acid  when  boiling  dissolves  it,  but  on  cooling  the 
substance  crystallizes  out  to  all  appearance  unaltered.  Analyses  showed 
however,  that  it  had  lost  1-2%  of  bromine.  Boiling  for  several  hours 
with  strong  nitric  acid  seems  to  decompose  it  completely.  Boiling  with 
sulfuric  acid  diluted  with  its  own  volume  of  water  gives  bromofonn,  but 
in  such  small  amount  that  only  a  very  slight  decomposition  is  indicated. 
Water,  hydric  dioxide  or  constant  boiling  hydrobromic  acid,  while  without 
effect  on  it  in  the  cold,  if  heated  with  it  to  100°  in  a  sealed  tube  for  10 
days,  decomposes  it,  two  of  the  products  in  each  case  being  pentabromo- 
acetone  and  bromoform.  This  behavior  recalls  the  formation  of  penta- 
*  In  the  previous  paper  it  was  given  as  97-98  ®. 
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hromoacetone  in  a  yidd  of  30-40%  from  tetrabromodiacetyl  by  the  action 
of  hydric  dioxide.  It  is  certainly  strange  that  the  substance  shotdd  be 
distinctly  less  stable  with  water  than  with  sulfuric  acid.  Hydriodic 
add  or  acetone  reduces  it,  as  will  be  described  later,  and  so  will  the  action 
of  potassium  iodide. 

In  the  hope  of  obtaining  a  dicyanhydrine  similar  to  that  yielded  by 
tetrabromodiacetyl  15  g.  of  the  hexabromodiacetyl  mixed  with  2-3  cc. 
of  ether  and  40  g.  of  a  40%  aqueous  solution  of  hydrocyanic  acid  were 
heated  to  40°  tmder  a  return  condenser.  The  solid  gradually  went  into 
solution,  and  after  5-10  hours  the  two  layers  of  liquid  formed  at  first 
were  converted  into  a  homogeneous  mixture,  which  was  allowed  to  stand 
over  night,  heated  for  a  few  more  horn's  in  the  morning,  and  after  cooling 
to  0°  diluted  with  its  own  voliune  of  water,  and  extracted  with  ether. 
The  dried  extract  yielded  only  a  yellow  oil,  which  did  not  solidify  on  cooling, 
or  standing  for  a  month,  and  yielded  only  an  oil  on  saponification  with 
hydrochloric  add  at  100°. 

Alkaline  reagents  on  the  other  hand  decompose  it  easily.  The  hy- 
droxide of  sodium,  potassium,  or  barium  even  in  dilute  solution  converts 
it  rapidly  into  bromoform  and  an  oxalate;  sodium  carbonate  acts  in  the 
same  way  but  more  slowly.  A  quantitative  study  of  this  reaction  made 
by  Fiske  and  one  of  us  showed  that  two  molecules  of  bromoform  and  one 
of  oxalic  add  were  formed.  Hot  sodium  methylate  gave  the  same  result; 
but  in  the  cold  a  colorless  product  melting  at  about  80®  was  obtained, 
which  has  not  been  investigated.  Boiling  with  an  aqueous  solution  of 
sodium  acetate  also  gave  bromoform  hydrobromic  acid  and  oxalic  add; 
but  when  boiled  with  calcium  carbonate  and  water,  a  sharp  odor  like 
that  of  a  bromoketone  was  observed,  and  only  tarry  products  were  ob- 
tained. The  same  odor  was  produced  by  boiling  with  silver  and  water, 
but  in  this  case  oxalic  acid  and  silver  bromide  were  detected.  A  mixture 
of  aqueous  ammonia  and  alcohol  gave  in  the  cold  oxamide;  and  aniline 
added  to  a  benzene  solution  of  the  diketone  gave  oxanilid.  o-Phenylene- 
diamine  gave  somewhat  impure  (7-phenyleneoxamide.  Hydroxylamine 
hydrochloride  had  no  apparent  action;  phenylhydrazine  removed  bromine 
from  it;  p3rridine  gave  a  black  tar.  No  action  was  obtained  with  acetyl- 
diloride,  or  acetic  anhydride,  or  benzoylchloride.  Aqueous  sulfurous 
add  did  not  act  on  it,  even  when  standing  several  months  with  it.  Zinc 
and  acetic  add,  or  aluminum  amalgam  gave  tars  in  preliminary  experi- 
ments; but  better  results  were  obtained  with  hydriodic  acid,  as  is  described 
later.  Bromine  in  the  cold  had  no  apparent  effect  upon  it,  and  when 
heated  with  it  in  a  sealed  tube,  tarry  products  were  formed.  The  most 
interesting  behavior  of  the  diketone  is  that  with  alcohols,  which  is  therefore 
described  in  detail.^ 
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Action  of  Hezabromodiacetyl  with  Alcohols.  Hezabromodiacetjl- 
monomethylhemiacetal,  CBrsCOC(OHOCH8)CBrt.— This  substance  iras 
prepared  by  allowing  a  solution  of  hexabromodiacetyl  in  methyl  alcohol 
to  stand  for  4-5  days.  A  less  pure  product  was  obtained  by  the  aid  of 
heat.  Absolute  methyl  alcohol  should  not  be  used  in  this  preparatkm, 
as  it  forms  an  oily  substance;  in  fact  m  an  experiment,  which  stood  for  2 
weeks,  very  little  hemiacetal  was  obtained,  the  chief  product  being  an 
unmanageable  thick,  red  oil.  £ven  with  ordinary  methyl  alcohol  a  lit^ 
of  this  oil  was  formed,  and  therefore  after  the  methyl  alcohol  had  evapon- 
ted  spontaneously,  the  residue  was  allowed  to  stand  on  a  porous  piat^ 
after  which  it  was  recrystallized  from  petroleum  ether,  until  it  showed 
the  melting  point  105°  (imcorr.).  Analyses  of  this  substance  are  given 
in  the  table  in  the  introduction.  10  g.  of  diketone  yielded  5  g.  of  the  hemi- 
acetal. 

Properties  of  Hezabromodiacetylmonomethylhemiacetal.  —  Three 
sorts  of  crystals  of  this  substance  were  obtained  from  petroleum  ether, 
which  differed  so  much  in  appearance  that  it  certainly  crystallizes  in  3 
different  habits  if  not  in  3  crystalline  forms.  On  cooling,  or  rapid  evapora- 
tion of  the  solution,  most  of  the  crystals  are  slender,  long  prisms,  sometimes 
with  a  bluntly  pointed  end,  sometimes  with  a  square  end;  these  tun 
opaque,  when  exposed  to  the  air,  but  without  loss  of  weight.  The  second 
form  consists  of  short,  square-ended  pnsms  like  slightly  elongated  cubes, 
usually  bevelled  on  the  edges,  more  rarely  on  the  ends.  These  predomi- 
nate when  the  evaporation  is  carried  on  slowly;  but  in  most  oystalliza- 
tions  both  forms  appear,  and  one  is  converted  at  least  partially  into  tbe 
other  by  recrystallization.  We  do  not  feel  certain  that  these  are  not 
different  habits  of  the  same  crystalline  form  in  spite  of  the  great  difference 
in  their  appearance.  The  third  sort  of  crystal  on  the  other  hand  seems 
distinctly  to  belong  to  a  different  system,  for,  while  we  shotdd  call  the 
other  two  forms  orthorhombic,  or  perhaps  monoclinic,  this  third  one 
seems  to  be  tetragonal,  since  it  consists  of  octahedra  modified  by  many 
small  planes,  the  two  most  conspicuous  sets  either  truncating  two  opposite 
angles,  or  else  the  4  edges  of  the  octahedron  the  opposite  angles  then 
being  unmodified.  The  vertical  axis  is  but  little  longer  than  that  of  a 
regtdar  octahedron,  but  in  no  case  did  we  observe  similar  modificatioBi 
on  all  the  angles  or  edges.  This  form  also  has  a  much  more  brilliant 
lustre  than  the  other  two.  We  obtained  it  only  once,  and  could  not  agaia 
find  the  conditions,  under  which  it  is  formed.  On  reoystaUization  froa 
methyl  alcohol  it  is  converted  into  the  one  first  described.  All  three 
forms  contain  the  same  %  of  bromine. 

The  hemiacetal  when  crystallized  from  petroleum  ether  melts  at  105' 
(uncorr.),  but,  if  methyl  alcohol  is  used,  the  melting  point  cannot  be  raised 
to  this  temperature,  which  explains  the  lower  melting  point  (loo-ioil 
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given  in  the  earlier  paper.  This  is  obviously  due  to  an  action  of  the  methyl 
alcohol  upon  it,  which  was  also  shown  by  the  fact  that  such  a  solution 
although  colorless  at  first  turned  yellow  in  a  few  minutes,  but  from  this 
solution  colorless  crystals  were  obtained.  As  already  stated,  absolute 
methyl  alcohol,  if  allowed  to  stand  with  it  for  some  weeks,  converts  it 
into  a  red  oil.  The  most  obvious  explanation  of  this  action  is  that  the 
dihemiacetal  is  formed,  but  this  is  rendered  doubtful  by  the  facts  that 
the  benzene  solution  also  ttuns  yellow  on  standing  exposed  to  the  air, 
and  upon  evaporating  the  benzene  solution  used  in  the  molecular  weight 
determination  the  residue  was  brownish.  The  crystals  show  a  tendency 
to  turn  brown,  when  exposed  to  the  air  especially  if  moist.  This  apparent 
instabiUty  is  surprising  in  view  of  the  fact  that  it  offers  a  strong  resistance 
to  the  action  of  adds,  strong  nitric  acid  dissolving  it  apparently  unchanged, 
while  it  was  not  decomposed  by  sulftuic  acid  diluted  with  its  own  volume 
of  water,  until  it  had  been  boiled  with  it  some  time.  Then  it  formed 
an  oil  smelling  like  camphor.  It  is  easily  soluble  in  all  the  common  or- 
ganic solvents  except  petroleum  ether,  in  which  it  is  less  soluble.  This  is 
the  best  solvent  for  it.  It  distils  sUghtly  with  steam.  It  is  tmstable 
toward  alkalies  since  alcoholic  ammonia  forms  ammonium  bromide;  and 
aniline  gives  an  oil.  Hydroxylamine  hydrochloride,  acetic  anhydride,  or 
acetyl  chloride  does  not  act  on  it.  A  methyl  alcohol  solution  boiled  with 
finely  divided  silver  gives  an  oil  and  a  few  white  crystals  melting  near  70°. 

Hezabromodiacetylmonoethylhemiacetal,CBrsCOC(OHOC2H6)CBrt.— 
Ten  grams  of  hexabromodiacetyl  dissolved  in  150  cc.  of  alcohol  were 
allowed  to  stand  at  ordinary  temperatures  for  2-3  days,  after  which  the 
alcohol  was  allowed  to  evaporate  spontaneously.  If  the  solution  was 
heated,  the  product  was  less  pure.  The  yellowish  white  crystals  thus 
obtained,  after  standing  on  a  porous  plate,  were  crystallized  from  petro- 
leum ether,  until  they  showed  the  constant  melting  point  96-97^.  The 
yield  after  one  crystallization  was  6  g.«  The  analyses  will  be  found  in 
the  table  in  the  introduction. 

Properties  of  Hezabromodiacetylmonoethylhemiacetal. — It  crystal- 
lizes in  narrow  plates  often  2-3  cm.  long  terminated  by  two  planes  at  dif- 
ferent angles  to  the  sides,  less  commonly  by  one  of  these  planes,  so  that 
there  is  either  a  blunt,  or  a  very  sharp  end,  according  to  which  of  the 
planes  is  present.  It  turns  brown  easily,  when  exposed  to  the  air,  especially 
if  moist;  after  this  change  the  percentage  of  bromine  had  fallen  about 
2%.  It  melts  at  96-97°  (uncorr.)  instead  of  93-94**  as  given  earlier. 
It  is  easily  soluble  in  alcohol,  methyl  alcohol,  ether,  acetone,  or  ethyl 
acetate;  soluble  in  benzene,  chloroform,  tetrachloride  of  carbon,  or  glacial 
acetic  add;  slightly  soluble  in  petroleum  ether,  which  is  the  best  solvent 
for  it;  essentially  insoluble  in  water.  It  distils  with  steam,  although  with 
difficulty. 
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When  the  monoethylhemiacetal  was  heated  in  a  sealed  tube  with  water 
to  1 00°  for  several  days,  the  products  were  carbon  dioxide,  bromofonn, 
hydrobromic  acid,  and  probably  monoethyloxalic  ester,  as  the  diethylester 
was  obtained  from  it  by  distillation.^ 

As  this  substance  cotdd  be  prepared  more  easily  than  the  methyl  com- 
pound, it  was  studied  in  greater  detail,  and  we  tried  especially  to  convert 
it  back  again  into  the  hexabromodiacetyl  but  without  success.  Pour 
experiments  were  tried  with  boiling  dilute  sulftuic  acid,  in  which  the  water 
was  allowed  to  evaporate,  until  the  boiling  point  had  risen  from  1 10  to 
135^,  and  at  this  temperature  the  boiling  was  continued  for  sometime 
under  a  return  condenser.  The  ethyl  compound  turned  slightly  ydloir, 
but  was  recovered  unchanged  in  every  case.  On  heating  to  150^  for  a 
few  hours  with  strong  sulfuric  acid  the  substance  was  decomposed,  formiiig 
a  dirty  yellow  solution,  but  no  hexabromodiacetyl  could  be  detected 
Boiling  with  constant  boiling  hydrobromic  acid  for  3  hours,  or  heating 
with  it  to  100^  in  a  sealed  tube  produced  no  change.  This  marked  stability 
toward  acids  is  striking  in  view  of  the  ease,  with  which  it  decomposes 
when  moist,  or  when  heated  with  water. 

Sodium  hydroxide  decomposes  the  hexabromodiacetylmonoethji- 
hemiacetal  giving  bromoform  and  a  little  oxalate,  while  barium  hydroxide 
acts  in  a  similar  way,  but  only  a  trace  of  oxalate  is  formed.  Sodimn 
carbonate  gives  over  10%  more  bromoform  than  that  required  for  one 
molecule,  but  only  about  half  the  calculated  amount  of  oxalic  acid.  So- 
dium methylate  also  decomposes  it,  even  when  used  in  the  proportion  of 
only  one  molecule.  In  all  these  reactions  with  alkaline  substances  it 
was  observed  that  the  hemiacetal  is  distinctly  more  stable  than  the  di- 
ketone.  Ammonia,  or  aniline  forms  only  tars,  but  also  acts  slowly. 
Hydroxylamine  hydrochloride  had  no  action  on  it. 

Acetic  anhydride,  or  acetyl  chloride  dissolves  the  hemiacetal,  but  no 
reaction  takes  place  even  after  standing  4-7  days.  If  sodium  acetate  is 
used  with  the  acetic  anhydride,  a  yellow  color  appears,  but  the  sliglit 
decomposition  is  probably  due  to  the  action  of  the  salt.  When  the  sob- 
stance  is  heated  to  120^  over  night  with  acetyl  chloride,  a  sweet  sweDiaf 
oil  is  obtained,  which  deposits  crystals  of  the  unchanged  monoetfayt- 
hemiacetal,  but  the  amount  which  reacts  is  so  small  that  we  could  not 
study  the  product.  Acetic  anhydride  when  hot  also  gives  an  oily  deriva- 
tive. Zinc  and  acetic  acid  give  small  amounts  of  oil.  When  the  btsat- 
bromodiketone  is  heated  with  alcohol,  instead  of  reacting  with  it  in  the 
cold,  tarry  products  are  obtained  with  an  odor  like  that  of  a  bromoke- 
tone. 

Pentabromoacetone. — In  the  preparation  of  hexabromodiacetyl  the 
filtrate  from  it  was  mixed  with  5  cc.  of  bromine,  and  allowed  to  stand 

i  Anschiitz,  Ber.,  x6,  2413  (1883). 
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over  nighti  when  a  red  oil  was  deposited,  which  changed  to  a  sticky  crystal- 
line mass,  if  it  was  allowed  to  stand  a  few  days  in  an  open  beaker,  after 
the  water  had  been  separated.  Most  of  the  oil  was  then  removed  by 
a  porous  plate,  and  the  residue  crystallized  by  the  slow  evaporation  of 
its  solution  in  petroleum  ether.  The  crystals  were  partly  orange  yellow 
hexabromodiacetyl,  partly  a  white  substance,  which  was  separated  me- 
chanically, and  after  crystallization  from  petroleum  ether  melted  constant 
at  73°  (uncorr.).  Although  the  melting  point  of  pentabromoacetone  is 
76®,  our  analyses  showed  that  om*  product  is  this  substance. 

Calc.  for  CBriCOCBrjH:  C,  7-95;  H,  0.22;  Br, 88.31;  M.  W.,453.   Found:  0,8.50; 
H,  0.46;  Br,  88.30;  M.  W.,  388,  413,  417. 

The  same  compound  was  formed  by  heating  hexabromodiacetyl  for  10 
days  at  100°  in  a  sealed  tube  with  water,  perhydrol,  or  constant  boiling 
hydrobromic  add;  bromoform  was  also  formed  in  each  case. 

When  hexabromodiacetyl  stood  for  several  days  with  amyl  alcohol, 
the  product,  after  being  freed  from  unaltered  alcohol  by  a  blast  of  air,  was 
a  yellow  oil,  which  to  our  great  surprise  contained  an  amount  of  bromine 
only  1%  too  high  for  that  required  by  the  monoamylhemiacetal. 

Pentabromodiacetylmonobenzylhemiacetal,  CBr2HCOC(OHOC7H7)- 
CBra. — Five  grams  of  hexabromodiacetyl  were  heated  on  the  water  bath  in 
a  25  cc.  flask  with  5-6  g.  of  benzyl  alcohol  for  10  hours.  At  the  end  of 
this  time  the  residue  was  distilled  with  steam,  which  carried  over  the  ex- 
cess of  benzyl  alcohol  and  the  benzyl  bromide  formed.  The  yellowish  oil, 
which  had  not  distilled  with  the  steam,  was  allowed  to  stand  until  it  had 
crystallized,  and  then  after  being  freed  from  oil  with  a  porous  plate  it  was 
crystallized  from  naphtha  boiling  between  70°  and  100°,  until  it  showed 
the  constant  melting  point  109-110°  (uncorr.).  The  yield  varied  from 
2  to  2.5  g.  The  analyses  given  in  the  introduction  show  that  the  substance 
is  the  pentabromodiacetylmonobenzyUiemiacetal.  The  hydrobromic  acid 
formed  in  this  reduction  was  detected  in  the  water,  with  which  the  product 
was  distilled,  and  had  also  converted  some  of  the  benzyl  alcohol  into 
benzylbromide  as  was  shown  by  its  violent. action  on  the  eyes. 

Properties  of  Pentabromodiacetylmonobenzylhemiacetal. — It  crystal- 
lizes from  ligroin  in  large,  thick,  rhombic  prisms,  which  melt  at  109-110° 
(uncorr.).  It  is  easily  soluble  in  alcohol,  methyl  alcohol,  ether,  benzene, 
or  glacial  acetic  acid;  less  soluble  in  ligroin,  which  is  the  best  solvent  for 
it;  essentially  insoluble  in  petroleum  ether,  or  water.  Strong  sulfuric 
add,  nitric  add,  hydrochloric  acid,  or  hydrobromic  add  has  no  apparent 
effect  on  it.  It  is  more  stable  toward  alkalies  than  the  hemiacetals  of 
hexabromodiacetyl,  as  barium  hydroxide  did  not  attack  it  at  all  even  on 
standing  with  it  for  2  days,  and  sodium  hydroxide  did  not  decompose 
it  completely,  until  it  had  stood  with  it  several  days.  The  yellow  oil 
thus  obtained  contained  no  bromoform.    Acetyl  chloride,  or  acetic  an- 
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hydride  has  no  action  on  it,  in  fact  it  oystallizes  very  well  bom  the  an- 
hydride, the  crystals  showing  the  melting  point  109-1 10°,  and  containing 
67.93%  of  bromine  (calc.  for  the  hemiacetal  67.92). 

Metanitrobenzyl  alcohol  when  heated  on  the  water  bath  with  heza- 
bromodiacetyl  was  converted  into  m-nitrobenzyl  ether,  and  this  was 
the  only  product  found,  the  diacetyl  having  apparently  decomposed 
completely.  Phenol  formed  with  hexabromodiacetyl  an  unpromising 
black  mass. 

Attempts  to  make  hemiacetals  by  contact  with  alcohols  yielded  no 
results  with  tetrabromodiacetyl,  dibromodiacetyl,  diacetyl,  benzil,  or 
pentabromoacetone. 

Reduction  of  Hexabromodiacetyl. — Reduction  experiments  with  dnc 
and  acetic  acid,  or  sulfuric  add  yielded  only  a  few  drops  of  oil;  but  acetone, 
or  hydriodic  add  gave  a  better  result.  Five  grams  of  hexabromodiacetyl 
were  dissolved  in  acetone,  and  cdlowed  to  stand  4-5  hours^  at  ordinary 
temperatures,  after  which  the  solution  was  allowed  to  evaporate  spon- 
taneously under  the  hood,  because  of  the  bromoacetone.  On  standing 
over  night  a  hard  mass  was  obtained,  which  after  removing  the  last  of  the 
bromoacetone  by  a  porous  plate  was  crystallized  from  petroleum  ether, 
until  it  showed  the  constant  mdting  point  94-95**  (imcorr.).  This  sug- 
gested that  it  was  tetrabromodiacetyl,  which  melts  at  this  temperature. 
Accordingly  a  spedmen  of  this  compound  was  prepared  from  diacetyl, 
when  it  was  foimd  to  coincide  with  our  product  in  every  respect,  the 
yellow  crystals  from  carbon  disulfide  being  especially  characteristic,  as 
they  consisted  of  rhombic  plates  with  the  acute  angles  truncated,  and  in 
every  case  one  of  these  truncating  planes  was  nearer  the  obtuse  angles 
than  the  other  giving  the  crystals  the  shape  of  a  coffin.  For  greater 
certainty  otu*  product  was  analyzed. 

Calc.  for  CHBrjCOCOCHBrt:  C,  11.94;  H,  0.50;  Br,  79.60.     Pound:  C,  12.07; 
H,  0.85;  Br,  79-68,  79.58. 

Hydriodic  add  produced  the  same  substance,  when  i  g.  of  hexabromo- 
diacetyl previously  moistened,  with  water  was  shaken  with  2  cc.  of  the 
constant  boiling  add.  After  filtering  out  the  iodine  the  filtrate  was  ex- 
tracted with  ether,  or  allowed  to  evaporate.  The  product  was  recognized 
by  its  -melting  point  94-95  °  (uncorr.)  as  tetrabromodiacetyl,  which  is 
moderately  soluble  in  water. 

Pentabromodiacetylmonoethylhemiacetal,CBrsHCOC(OHOCtHi)CBrt. 

— ^Ten  grams  of  hexabromodiacetyl  dissolved  in  150  cc.  of  alcohol  and 
15  cc.  of  acetone  were  allowed  to  stand  5-8  weeks  at  ordinary  temperatures. 
The  product,  after  the  solvents  had  evaporated  spontaneously,  consisted 
of  two  substances,  the  hexabromodiacetylmonoethylhemiacetal,  and 
another,  which  was  distinctly  more  soluble  in  alcohol,  and  therefore 
^  Longer  standing  yielded  the  same  product. 
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was  washed  away  from  the  hexabrom  compotmd  with  this  solvent.  The 
separation  thus  roughly  effected  was  completed  by  crystallization  from 
petroletun  ether,  in  which  the  hexabrom  compound  is  less  soluble.  In 
this  way  the  constant  melting  point  115°  (uncorr.)  was  at  last  obtained. 
The  analyses  given  in  the  introduction  show  this  is  the  pentabromodi" 
acetylmanoethylheiniacetal. 

Properties. — It  crystallizes  from  petroleum  ether  in  short,  broad  prisms 
terminated  by  a  second  prism  at  right  angles  to  the  first,  so  that  they 
look  like  somewhat  lengthened  octahedra.  They  are  modified  by  many 
small  planes.  It  melts  at  1 15  °  (uncorr.) ;  and  is  soluble  in  alcohol,  methyl 
alcohol,  benzene,  tetrachloride  of  carbon,  or  glacial  acetic  add;  insoluble 
in  water.    Sodium  hydroxide  did  not  set  free  bromoform  from  it. 

The  following  experiments  to  obtain  the  corresponding  methyl  com- 
pound gave  negative  results, — hexabromodiacetyl  with  methyl  alcohol 
and  acetone,  its  monomethylhemiacetal  with  acetone,  or  with  methyl 
alcohol  and  acetone.  The  only  substance  isolated  in  each  case  was  hexa- 
bromodiacetylmonomethylhemiacetal. 

Action  of  Potassium  Iodide  on  Hexabromodiacetyl. — ^To  a  solution  of 
3  g.  of  potassium  iodide  in  25  cc.  of  water  was  added  i  g.  of  powdered 
hexabromodiacetyl.  A  brown  color  soon  appeared,  which  gradually 
grew  darker,  and  was  accompanied  by  the  evolution  of  carbonic  dioxide 
in  large  quantity.  After  2  days  a  crystalline  precipitate  had  formed, 
which  was  filtered  out,  washed  with  a  solution  of  potassium  iodide  to  re- 
move the  free  iodine,  and  allowed  to  stand  on  a  porous  plate  for  10-12 
hours,  at  the  end  of  which  time  the  ioviine  had  disappeared  to  judge  from 
the  color.  It  was  not  easy  to  find  a  good  solvent  for  this  substance,  as 
most  of  the  common  ones  set  free  iodine  from  it,  but  at  last  it  was  found 
that  tetrachloride  of  carbon  gave  good  crystals  without  a  colored  mother 
fiquor,  and  accordingly  it  was  crystallized  5  times  from  that,  when  it 
decomposed  between  122  and  125^;  but  this  point  varied  so  much  with  the 
conditions  of  the  heating  that  it  is  of  Uttle  value  as  a  criterion  of  purity. 
We  therefore  analyzed  specimens  from  the  first,  second,  third  and  fourth 
crystallizations,  and  found  that  the  imptu-ities  had  been  removed  by  the 
first,  as  the  results  from  the  last  3  (given  below)  agreed  with  each  other. 

Subs.  0.1468,  0.2129,  0.1366,  0.1845,  0.2439,  AgBr.3AgI  0.2568,  o.373o»  0.2392, 
COi  0.0519,  0.0679,  HjO  0.0122,  0.0133.  Found:  Brij,  90.28,  90.44,  90.40;  C,  7.67, 
7.59;  H,  0.78,  0.61. 

The  formula  we  assign  to  this  substance  is  C8H2Brl80  which  requires 
Brl|  89.52,  C  6.99,  H  0.39,  molecular  weight  515  (found  475,  485,  502). 
These  percentages  do  not  agree  very  well  with  those  found,  but  this  is 
accounted  for  by  the  fact  that  the  only  solvent  which  did  not  decompose 
oar  substance  was  tetrachloride  of  carbon,  and  according  to  our  experience 
substances  crystallized  from  this  usually  give  poor  results  on  analysis. 
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If  this  empirical  formula  is  correct,  the  substance  is  probably  triiodo- 
bromoacetone,  and  we  have  adopted  this  structure  for  it  provisioiiany. 

Properties  of  Triiodobromoacetone? — It  crystallizes  from  tetracfakinde 
of  carbon  in  slender,  lemon-yellow  needles,  which  turn  brown  in  the  light 
It  melts  with  decomposition  at  122-125°,  but  this  point  is  decidedly  in- 
definite.    It  is  soluble  in  alcohol,  methyl  alcohol,  benzene,  ehlcRroform, 
or  tetrachloride  of  carbon;  essentially  insoluble  in  petroleum  ether.    Afl 
of  these  solvents  decompose  it  somewhat  with  liberation  of  iodine,  bat 
this  action  is  least  with  tetrachloride  of  carbon,  which  is  therefore  the 
best  solvent  for  it.     Fuming  nitric  in  the  cold  or  strong  nitric  acid  when 
heated  decomposes  it,  setting  free  iodine.     Nitric  acid  diluted  with  acetic 
acid  had  no  action  in  the  cold,  but  on  warming  iodine  was  set  free.    Am-  ; 
monium  hydroxide  gave  a  smell  like  iodoform,  and  ammonium  iodide 
was  found  in  the  liquid.     Sodium  hydroxide  also  gave  iodoform  to  judge  ; 
by  the  smell.     Hydric  dioxide  did  not  act  on  it.  ; 

Hexabromodiacetylmonoethylhemiacetal  was  not  affected  by  potassiam  | 
iodide  solution  even  at  100°. 

Cambrzdob,  Mass. 


[Contribution  from  thb  Chemical  Laboratory  of  Harvard  University.] 

NORMAL  NONANE. 

By  IrATHAM  ClARKB  AND  ROOSK  AdAMS. 

Received  August  16,  1915.  1 

Normal  nonane  was  first  synthetically  produced  by  Krafft,*  by  reduc-  : 
tion  of  pelargonic  acid,  C0H18O2,  with  hydriodic  acid  and  phosphorus 
in  a  sealed  tube  heated  to  240®.    The  boiUng  point  at  760  mm.  is  given ' 
by  Krafft  as  149. 5°  and  the  specific  gravity,  compared  to  water  at  4*, 
is  as  follows:  0°,  0.7330;  13. 5^  0.7228;  15°,  0.7217;  20^  0.7177;  99.1*, 
0.6541. 

We  found  the  boiling  point  as  150.4-150.6°  at  759  mm.  The  specific 
gravity  at  15^  compared  to  water  at  15**,  is  0.7219.  The  index  of  re- 
fraction, nj)*  =  1.4025. 

The  starting  point  in  the  preparation  of  normal  nonane  was  castor  ofl. 
By  distillation  this  yielded  oenanthol  (normal  heptyl  aldehyde),  whidi, 
after  purification  by  means  of  the  bisulfite  compound,  was  treated  witk 
ethyl  magnesium  bromide  giving,  after  the  usual  decomposition  dl  the 
organo-magnesium  derivative,  ethyl  hexyl  carbinol,  or  3-nonanol.  This 
carbinol  was  converted  into  the  corresponding  carbinol  iodide  by  treat- 
ment with  iodine  and  red  phosphorus,  and  the  resulting  j-iodonoaane 
was  boiled  with  alcohoHc  potash,  which  gave  nonylene.  This  last  jnddcd 
normal  nonane  on  reduction. 

1  Ber.,  15,  1692  (18S2). 
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Summary. 

Castor  oil  — *■ 
CH,CHsCH,CH,CH,CH»CHO,  oenanthol  —*- 
CH,CH,CH,CHjCH,CH,CH(OH)CH,CH,,  3-nonanol 
CHtCH,CH,CHjCH,CHjCH  ( J)CH,CH,,  3-iodononane 

CHaCHaCHjCHjCHsCHsCHjCHaCH,,  normal  nonane. 

Experimental. 

Oenanthol. — The  process  used  for  obtaining  oenanthol  was  a  slight 
modification  of  the  one  used  by  Brlenmeyer.^  Five  hundred  grams  of 
castor  oil  were  poured  into  a  three-liter  flask,  which  was  connected  to  a 
condenser  containing  water  in  the  jacket,  but  not  running  water.  The 
flask  was  placed  on  a  sand  bath  and  strongly  heated.  A  rather  rapid 
distillation  of  liquid  ensued,  and  the  heating  was  continued  until  the 
flow  of  distillate  had  considerably  slackened,  then  the  burners  were  re- 
moved. The  residue  in  the  flask  was  poured  out  while  still  hot.  If  the 
heating  was  continued  too  long,  the  residue  began  to  foam  badly  and  be- 
came a  sort  of  spongy  material,  exceedingly  hard  to  remove  from  the  flask. 

The  distillate  was  redistilled  and  a  fraction  collected  between  90^  and 
180°.  This  was  shaken  with  a  concentrated  solution  of  pure  sodium  bi- 
sulfite  and  the  aldehyde-bisulfite  compound  crystallized  out.  This  was 
filtered  and  pressed  out  on  a  clay  plate.  The  best  method  for  the  resolu- 
tion of  this  into  pure  normal  heptyl  aldehyde  was  to  treat  with  an  excess 
of  sattu*ated  sodium  carbonate  solution  and  distil  carefully  with  steam. 

The  aldehyde  was  separated  from  the  water  in  the  distillate,  dried  over 
calcium  chloride,^  and  redistilled.  The  fraction  boiling  at  152-157® 
was  that  used  in  subsequent  work. 

Ethyl-hezyl  Carbinol  (3-Nonanol). — A  solution  of  ethyl  magnesium 
bromide  was  prepared  by  dissolving  12  g.  of  magnesium  in  a  mixture 
of  60  g.  of  ethyl  bromide  and  twice  its  volume  of  absolute  ether.  To 
this,  57  g.  of  oenanthol  in  its  own  voltune  of  absolute  ether  was  gradually 
added,  and  the  whole  allowed  to  stand  several  horn's  at  room  tempera- 
ture. The  organo-magnesium  compound  was  decomposed  in  the  usual 
way  with  water  and  dilute  sulfuric  acid.  The  ether  layer  containing  the 
carbinol  was  separated,  and  dried  over  potassium  carbonate.  The  ether 
was  then  distilled  off  and  the  residue  fractionated.  45  g.  of.  carbinol 
were  thus  obtained,  boiling  at  192-193°  at  755  mm. 

This  alcohol  has  been  previously  made  by  Wagner  from  oenanthol  and 
zinc  ethyl,*  and  by  Gerard  from  oenanthol  and  ethyl  magnesium  bromide.* 

»  Ann.,  176,  342  (1875)-  , 

'  Calcium  chloride  did  not  have  any  detectable  chemical  action  on  this  aldehyde,  ^ 

and  was  found  to  be  a  very  efficient  drying  agent  for  it.  | 

•  J.  Russ.  Chem.  Soc.,  16,  306.  j 

*  Chem.  Zentr.,  190^,  I,  1398.  *  i 
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3-Iodoiionane. — ^This  was  obtained  from  3-nonanol  by  the  usual  pro- 
cedure for  the  conversion  of  alcohols  into  iodides.  In  a  typical  ezpenmcsl 
40  g.  of  3-nonanol  were  mixed  with  4  g.  of  red  phosphorus  and  36  g.  cf 
iodide.  The  mixttu-e,  which  at  first  was  artificially  cooled,  was  later  bcateA 
for  two  hours  on  the  steam  bath,  then  filtered  to  remove  unchanged  red 
phosphorus,  washed  with  water  to  remove  adds  of  phosphorus,  and  with- 
out further  purification  was  converted  into  nonylene. 

Normal  Nonylene. — ^The  above  3-iodononane  was  refluxed  with  ex- 
cess of  strong  alcoholic  potash  for  about  an  hour.  The  liquid  in  the  fe>; 
action  flask  was  distilled,  and  yielded  a  solution  of  nonylene  and  aknhoii 
these  forming  a  mixture  of  minimtun  boiling  point.  On  the  addition  «! 
much  water,  the  hydrocarbon  separated  as  a  floating  layer,  wfaidi  mri 
removed,  washed  with  water,  dried  with  calcium  chloride  and  distiMi 
from  metallic  sodium.  On  subsequent  fractionation,  the  main  portioi 
boiled  at  149. 4-149. 9**. 

Properties. — Colorless  liquid,  very  mobile,  pleasant  petroleum-like  odoci 
It  boils  at  149.4-149.9°  and  has  at  15°  the  specific  gravity  0.7540  cqoh 
pared  to  water  at  15  °. 

Calculated  for  CtHn:  C,  85.7;  H,  14.3.     Pound:  C,  85.3;  H,  14.2. 

Normal  Nonane. — Normal  nonylene  wa?  reduced  to  normal  iKxiane 
by  passing  the  vapor  of  the  former,  together  with  hydrogen,  over  fresUf 
reduced  nickel  at  a  temperature  of  160**.^ 

Properties. — Colorless,  very  mobile  liquid,  with  a  very  slight  "sweet- 
ish" odor.  B.  p.  150.4-150.6°  at  759  mm.  The  specific  gravity  $t 
15®  compared  to  water  at  15®  is  o. 7219.  The  index  of  refraction  Hd*  * 
1 .  4025.     It  is  miscible  with  the  common  organic  solvents. 

Calculated  for  C|Hso:  C,  84.4;  H,  15.6.    Pound:  C,  84.1;  H,  15.7. 
Cambudos,  Mass. 
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Bt  WnjjAM  J.  Hals  akd  Wxluam  V.  Horr. 
RcoeiTed  August  14.  1915. 

In  1882  Weidel  and  Ciamidan'  prepared  the  first  nitro  derivatiit 
of  the  pyrrole  ring  in  the  form  of  a  nitrocarbopyrrolic  add.  The  dij  S^ 
tiUation  of  gelatin  yidded  pyrocoU,  and  this  product,  upon  careful  nitn* 

^  The  exact  procedure  may  be  found  in  an  article  by  Clarke  and  Beggs,  TU 
Journal.  34.  59  (19 12). 

'  The  work  described  in  this  article  forms  part  of  a  thesis  submitted  in  ptftirf! 
fulfilment  of  the  requirements  for  the  degree  of  Doctor  of  Philosophy  in  the  Ui>> 
versity  of  Michigan  by  William  V.  Hoyt. 

>  Qaz9.  chim.  i(al.,  12,  39  (1882}. 
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tkm  with  fuming  nitric  add,  was  converted  into  a  dinitropyrocoll,  which 
was  in  turn  readily  saponified  by  cold  alkali  into  a  nitro-a-carbopyrrolic 
add  (m.  p.  144-6^).  These  investigators  had  previously  established  the 
constitution  of  pyrocoU*  by  a  study  of  its  decomposition  products — ^its 
hydrolysis,  for  example,  gave  only  a-carbopyrrolic  add.  Later  Ciamidan 
and  Silber*  synthesized  p3rrocoll  by  the  action  of  acetic  anhydride  upon 
a-carbop3rrrolic  add,  thus  leaving  no  room  for  doubt  as  to  the  constitu- 
tion of  this  ciystalline  product. 

With  the  production  of  this  nitro- a-carbopyrrolic  add  alone,  through 
the  nitration  of  pyrocoll,  Weidd  and  Ciamidan  correctly  asstuned  that 
the  nitration  must  have  proceeded  symmetrically  in  respect  to  the  two 
pyrrole  nudd  in  the  p3rrocoU  molecule.  Three  distinct  symmetrical 
dinitro  derivatives  (a'a'-,  fi'P'-,  PP-)  of  pjnrocoU  are  possible.  These 
therefore  must  yidd  by  hydrolysis  three  distinct  (o'-,  /3'-  and  /S-)  nitro- 
o-carbopyrrolic  adds  as  here  shown. 


WO  (a')        iHiOH! 

HC  -  CH 

\ 

N— ,C0 

/     / 

HC  -  C    /     C  -  CH(/3) 

(«          /     / 

OCj— — ^N 

•HOiH:      \ 

HC  -  CH 

(«')       030 

Pyrocoll  when  nitrated    as  a'a'-. 

fi'fi'-,  or  ^/Minitrop3a-ocoll  and 

sapoi 

iified. 

HC  -  CNO, 

^>NH 
HC  -  C 


> 


(I). 


t 


2  mol. 
each. 


x:ooH 

cr'-Nitro-ot-carbopyrrolic  add. 


0»NC  -  CH 


HC 


\nh 


(H). 


x:ooH 

^'-Nitro-o-carbopyrrolic  add. 


HC  -  CH 

Nnh 


(HI). 


OiNC 

"COOH 
^-Nitro-ct-carbopyrrolic  add. 

Although  Ciamidan  and  Silber  had  succeeded  in  obtaining  only  this 
one  nitro-a-carbopyrrolic  add  melting  at  146®,  they  made  many  attempts 
to  prepare  the  other  two  isomers.  Their  attempts,  however,  resulted  in 
failures.*  They  f6und,  for  example,  that  the  action  of  nitric  acid  upon 
a-carbopyrrolic  add  led  to  decomposition  into  dinitropyrroles  and  car- 
bon dioxide.  Anderlini,^  on  the  other  hand,  was  able  to  introduce  the 
nitro  group  into  the  methyl  ester  of  a-carbopyrrolic  acid  without  this 

^  Mortals,,  z,  281  (1880). 
«  Ber.,  17,  103  (1884). 

*  Ibid.,  19,  1080  (1886). 

*  Gofs.  chim.  ikU,,  19,  93  (1889). 
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chance  for  decomposition.  The  methyl  ester  was  slowly  added  to  concen- 
trated nitric  acid  cooled  with  ice.  The  dark  brown  solution  was  then 
poured  into  cold  water  and  the  solution  made  almost  neutral  with  sodium 
hydroxide,  after  which  it  was  made  slightly  alkaline  with  soduim 
carbonate  and  extracted  with  ether.  From  the  ether  extract  Anderiini 
obtained  the  yellow  methyl  ester  of  a  mononitro-a-carbop3rrrolic  acid 
and  again,  by  the  hydrolysis  of  this  ester,  he  obtained  a  pale  yellow  add 
crystallizing  with  one  molecule  of  water  of  crystallization,  as  was  noted 
also  for  the  acid  melting  at  146^.  This  new  acid,  when  anhydrous,  melted 
at  2I7^ 

In  the  same  year  Anderiini^  was  able  to  isolate  the  third  isomeric  nitro- 
a-carbopyrrolic  add  from  the  mother  liquors  left  upon  removal  of  the 
ester  of  the  acid  melting  at  217°.  These  liquors,  already  alkaline  with 
sodium  carbonate,  were  acidified  and  again  extracted  with  ether.  Prom 
the  ether  extract  a  mixture  of  nitro  compounds  was  obtained,  but  by 
fractional  crystallization  from  water  a  new  methyl  ester  was  isolated 
and,  by  hydrolysis,  was  found  to  give  the  third  nitro-a-carbopynolic 
add  expected.  This  add  also  contained  one  molecule  of  water  of  crys- 
tallization but  when  anhydrous  (after  standing  over  sulfuric  add)  melted 
at  161®.  The  nitration  of  the  methyl  ester  therefore  led  to  the  produc- 
tion of  the  two  previously  unknown  nitro-a-carbopyrrolic  acids.  Though 
all  three  nitro  derivatives  may  have  been  present  in  the  nitration  product 
of  the  ester,  Anderiini  was  tmable  to  isolate  the  ester  of  the  first  known 
nitro  add  of  Ciamidan  (m.  p.  146°). 

With  the  three  nitro- a-carbopyrroUc  adds  thus  known  and  obtainable 
only  in  minutest  quantity,  little  evidence  could  be  advanced  concerning 
their  exact  structures.  The  fact  that  the  ester  of  the  acid  melting  at 
217®  could  be  removed  from  an  alkaline  solution  by  extraction  with  ether 
evidenced  its  lack  of  any  add  properties  and  led  Anderiini  to  suppose 
that  the  nitro  group  occupied  most  probably  one  of  the  )8-positions,  a 
position  farthest  removed  from  the  imino  hydrogen  atom. 

The  study  of  condensation  involving  certain  dialdehydes — especially 
that  of  nitromalonic  aldehyde,  has  led  to  interesting  syntheses  of  many 
well-known  ring  structtues.  In  the  use  of  nitromalonic  aldehyde  the  fixed 
position  of  the  nitro  group  upon  the  middle  carbon  atom  has  su£Sced 
for  the  determination  of  the  constitution  of  certain  hitherto  unknown 
nitro  derivatives.  Thus  the  condensation  of  urea  with  this  aldehyde 
led  to  the  synthesis  of  5-nitropyrimidines.*  And  in  the  same  manner 
as  amino  groups,  so  also  methylene  groups  are  found  to  condense  more 
or  less  readily  with  this  dialdehyde.'    It  occiured  to  us,  therefore,  that  a 

1  Gaxz.  chim.  ital.,  19,  350  (1889). 
*  This  Journal,  34,  82  (1912). 
»B«r.,  45,  1596  (191 2). 
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simple  condensation  of  nitromalonic  aldehyde  with  amino  acetic  acid  might 
be  expected  to  yield  a  p3nTole-carboxylic  acid.  The  presence  of  an  acid 
is  not,  however,  advantageous  for  a  great  majority  of  such  condensations, 
consequently  the  ester  of  amino  acetic  acid,  glycine  ester,  was  selected 
for  the  condensation  thus  to  be  made  in  neutral  or  alkaline  solution. 
The  reactions  involved  may  here  be  shown. 

/    H!  i 

go      h,|n  hc  =  n 

>|        I  Qv  I  Acidification 

I .  Na(X 


CiO         H,iC  —  COOCOIi  HC  =  C  —  COOC,H» 

Hi  j 


HC  =  N  HC  —  NH 

Rearrangement  1 1 
►     O2N  —  C 


HC  «  C  —  COOCH*  HC  =  C  —  COOCH* 

The  result  of  this  condensation  will  be  seen  at  once  to  give  an  ethyl  ester 
of  a  nitro  pyrrole-carboxylic  acid,  namely,  the  ester  of  j8'-nitro-a-carbo- 
pyrrolic  acid — one  of  the  three  nitro  acids  tmder  discussion.  This  possi- 
ble identification  of  one  of  the  much-discussed  acids  with  an  add  synthe- 
sized by  simple  means,  and  concerning  the  constitution  of  which  there 
can  be  no  room  for  doubt,  offered  us  the  hope  that  the  means  before  us 
might  lead  to  establishing  the  constitution  of  the  other  two  acids. 

When,  however,  glycine  ester  hydrochloride  and  sodium  nitromalonic 
aldehyde  were  brought  together  in  dilute  alcoholic  solution,  there  soon 
separated  from  the  mixttu'e  a  sUghtly  soluble  yellow  compound  which 
was  still  aldehydic  in  character  and  possessed  no  ring  structtu'e  (IV). 
The  compound  proved  to  be  of  an  intermediate  type,  the  amino  group 
having  first  entered  into  condensation  with  one  aldehyde  group,  as  was 
evidenced  by  failure  of  tests  to  confirm  the  presence  of  either  a  primary 
or  a  secondary  amine.     The  possibiUty  of  further  condensation  between 
the  remaining  aldehyde  group  and  the  methylene  group  was  not  elimina- 
ted and  reactions  to  this  purpose  were  found  to  be  easily  accomplished 
in  the  presence  of  alkaline  condensing  agents.     In  the  previous  case  it 
was  advantageous  to  add  a  few  drops  of  sodium  hydroxide  solution;  the 
alkali  facilitated  the  condensation  and  yet  at  the  same  time  was  too 
dilute  to  form  a  sodium  salt  with  the  almost  insoluble  acid  product  pre- 
cipitated.    In  order  to  effect  the  latter  step  the  reaction  mixttu'e  was 
made  strongly  alkaline  with  sodium  hydroxide  and  warmed  upon  the 
water    bath.    The    intermediate    product,    j8,i8-aldehydonitro-ethyliden- 
aminoacetic  ester  (IV),  is  easily  soluble  in  an  excess  of  alkali  and  from  the 
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red  solution  thus  f onned  the  colorless  insoluble  nitropyrrole  ester  is  sknvk 
precipitated.    The  course  of  the  condensation  is  shown  below: 

HCiO  +  H,  N.CH,.COOC,H.  +  HCl  HC  -  N.CH,.COOCA 

\^  =  C  — >         yC  (IV). 


% 


NaCr  I  0,N' 

HCO  HCO 


HC  = 

=  N-CiHiJ 

•  • 

•  ■ 

HC- 

—  CiO  J 

HC  =  N  OiN.C  =  CH 


.COOCH. 


C.COOCiH* 


\ 
NH 


Rearranged 
HC  —  CH  HC  =  C 

NOi       H 

NO,  COOCtHt 

(IV).  (V).  (VI). 

During  the  first  step  of  the  condensation  between  sodium  nitromalomc 
aldehyde  and  glycine  ester  hydrochloride,  sodium  chloride  is  removed 
and  the  free  isonitro  group  at  once  transformed  into  a  nitro  group  and  a 
labile  hydrogen  atom  attached  to  this  same  beta  carbon  atom  (IV).  The 
second  step  proceeding  toward  ring  formation,  by  an  inner  condensatioo 
as  shown  in  (V),  leads  to  a  more  or  less  imstable  configuration,  but  by 
the  final  shift  of  this  labile  hydrogen  atom  to  the  nitrogen  atom  the  more 
stable  structure  of  the  pyrrole  ring  (VI)  is  at  once  introduced.  The  nitro 
group  thus  remains  in  fixed  position  upon  the  same  carbon  atom,  that 
is,  the  beta  carbon  atom  of  the  nitromalonic  chain. 

The  resulting  colorless  nitropyrrole  carboxylic  ester  was  hydrolyzed 
and  found  to  yield  an  acid  melting  at  217  ^  In  appearance  and  in  all 
properties  it  was  found  identical  with  the  acid  prepared  according  to  the 
method  of  Anderlini,  and  supposed  by  him  to  have  a  structure  in  which 
the  nitro  group  occupied  one  of  the  two  possible  beta  positions  with  refer- 
ence to  the  nitrogen  atom.  In  order  further  to  check  this  result,  nitromalonic 
aldehyde  was  brought  into  condensation  with  glycine  methyl  ester  and 
the  nitropyrrole  carboxylic  ester  which  resulted  was  found  in  every  war 
identical  with  the  methyl  ester  prepared  by  Anderlini  and  melting  at 
197®.  The  ester,  as  he  reported,  has  no  add  properties  and  naturally 
is  that  one  of  the  three  possible  nitro  esters  in  his  nitration  mixture  which 
is  most  likely  to  be  insoluble  in  alkali;  the  effect  of  the  strongly  negative 
nitro  group  in  giving  an  acid  character  to  the  imino  hydrogen  atom  is  natur- 
ally less  marked  when  farthest  removed  and  so  also  less  marked  in  the 
j3'-position  is  its  effect  in  conjtmction  with  the  carbomethoxyl  group- 
The  jS'-nitro-a-carbopyrrolic  acid  as  synthesized  by  us  and  melting  at 
217^  at  once  establishes  the  constitution  of  the  add  obtained  by  Anderlini 
and  melting  at  this  same  point. 

In  order  to  fix  the  constitutions  of  the  two  remaining  nitropynote 


CONSTlTimON  OF  NTrRO-a-CARBOPYWlOUC  ACIDS. 


2543 


carboxylic  adds  w^  chose  to  determine  which  one  of  these  two  might  be 
made  to  yield  the  same  decomposition  product  as  that  of  the  217^  acid 
upon  the  loss  of  carbon  dioxide.  No  further  reactions  of  substitution 
were  planned,  and  hence  by  loss  of  carbon  dioxide  we  should  arrive  at  a 
simple  nitropyrrole.  It  was  known  that  free  carbopyrroUc  acids  readily 
evolved  carbon  dioxide  upon  heating.  Each  of  the  three  nitrocarbo- 
pyrrolic  adds  therefore  should  yidd  a  nitropyrrole  but,  as  will  be  seen 
below,  the  add  with  the  constitution  determined  by  us  must  yield  the 
same  j8-nitropyrrole  as  one  of  the  other  two.  In  other  words,  there  is 
no  need  but  to  study  the  decomposition  of  one  of  the  two  remaining 
nitrocarbopyrroUc  adds  in  order  to  fix  the  constitution  of  all  three. 
OiNC  -  CH 


HC 


X 


^COOH 

/^'•Kitro-a-carbopyrrolic  add. 
(2I7*). 


— COi 
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HC  -  CH 
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— COi 


OiNC  -  CH 
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HC  -  CH 
/5-Nitropyrrole. 


(VII). 
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HC 


— COt 


HC  -  CNOi 
>NH 
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(VIII). 


HC  -  CH 
a-Nitropyrrole. 


^COOH 
^-Nitro-a-carbop3rrrolic  add. 
(146"). 

HC  -  CNO, 

^COOH 
a'-Nitro-a-carbopyrrolic  add. 
(161^). 

The  proof  of  these  three  structures  seemed  almost  in  hand,  when  it 
was  found  that  but  one  nitrop3nTole  had  been  prepared  and  nothing 
definite  was  known  regarding  its  constitution.  This  nitropyrrole  in  ques- 
tion had  been  prepared  by  Angeli  and  Allessandri^  by  the  nitration  of 
pyrrole  with  ethyl  nitrate  in  the  presence  of  sodium  alcoholate.  Their 
method  will  be  described  later.  Their  condusions  seemed  to  point  to  the 
^-position  for  the  nitro  group,  though  their  argument  was  altogether 
from  analogy:  a-methyl  indole  3rielded  a  /3-nitroso  derivative  whereas 
/^-methyl  indole  gave  no  similar  derivative,  hence  it  is  to  be  supposed  that 
nitration  in  the  p)rrrole  ring  selects  the  beta  position.  The  nitrop3nTole 
prepared  by  these  investigators  was  a  yellow,  crystalline  product  mdting 
at  63.5?.  If  AngeU  and  Allessandri  were  correct  in  their  deductions 
^  AUi  dei  Lined  [i  ]  20,  31 1  (191 1). 
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then  we  should  be  able  to  obtain  the  same  /3-nitropyrrole  by  the  action 
of  heat  upon  our  acid  of  known  constitution  (m.  p.  217^).  Numerous 
attempts  to  drive  off  carbon  dioxide  from  this  acid  met  with  failure. 
Upon  heating  it  alone,  violent  decomposition  always  ensued.  The  use 
of  equal  quantities  of  naphthalene,  however,  sufficed  for  its  successful 
decomposition,  when  the  two  substances  were  heated  together  in  a  sealed 
tube.  Prom  the  decomposition  products  thus  finally  obtained  we  have 
been  able  to  isolate  a  small  amount  of  a  substance  melting  at  63.5^  and 
in  every  way  identical  with  the  nitropyrrole  described  by  Angeli  and 
Allessandri.  The  constitution  therefore  of  our  add  (m.  p.  217^)  sufficed 
in  its  decomposition  for  the  determination  of  the  structtu'e  for  nitropyrrole 
and  checked  the  work  of  Angeli  and  Allessandri  in  selecting  the  /3-posi- 
tion  for  the  nitro  group  in  this  final  product.  There  was  obtained,  how- 
ever, in  this  same  decomposition  mixture  as  removed  from  the  sealed  tube, 
a  new  substance  melting  at  loi  ^  and  possessing  the  same  empirical  for- 
mula as  nitropyrrole — C4H4OSNS.  The  molecular  weight  of  the  com- 
potmd,  as  determined  by  an  elevation  of  the  boiling  point  of  its  solution 
in  benzene,  corresponded  to  CaHgO^N^.  A  further  determination  of 
molecular  weight  by  lowering  of  the  freezing  point  of  its  aqueous  solution 
indicated  a  much  lower  value  approaching  the  value  corresponding  to  a 
simple  nitrop)aTole.  We  may  assume,  therefore,  that  j8-nitropyrrole 
polymerizes  at  higher  temperatures  and  that  in  aqueous  solution  we  have 
the  conditions  favorable  for  an  equilibrium  between  the  two  forms.  In 
fact,  by  repeated  crystallization  from  ice  cold  water,  we  have  been  able 
to  convert  the  loi  ^  product  into  the  63 . 5  °  product.  The  structure  of 
the  dimolecular  nitropyrrole  is  shown  in  (IX). 

OtNC  —  CH        HC  —  CNO,  OiNC  —  CH  —  HC  —  CNO, 

II     II    +    II     II       :5:*:       II      I  I     II 

(VII).     HC       CH        HC       CH  HC       CH  —  HC       CH      (IX). 

NH  NH  NH  NH 

fi,  /9-Dinitrodipyrrole. 

The  formation  of  the  dinitrodipyrrole  is  analogous  to  the  formation 
of  tripyrrole  (pjrrrole  red)  but  the  presence  of  the  nitro  group  is  naturally 
sufficient  to  stop  the  polymerization  at  the  dimolecular  stage. 

The  lower  melting  nitropyrrole  (63 . 5  °)  has  been  found  by  us  to  be 
present  only  to  a  small  extent.  We  could  not  isolate  a  sufficient  product 
for  a  molecular-weight  determination.  The  monomolecular  product  as 
prepared  by  us  and  also  as  prepared  by  us  in  accordance  with  the  method 
of  Angeli  and  Allessandri,  melted  accurately  at  63.5®,  but  when  heated 
for  several  minutes,  not  to  exceed  75-80**  in  the  same  melting  point  tube, 
the  melting  point  at  once  arose  to  the  neighborhood  of  100°.  In  fact 
this  change  of  the  lower  melting  product  to  the  10 1**  melting  product 
seems  entirely  to  have  escaped  the  notice  of  Angeli  and  Allessandri. 
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The  dimolecular  form  of  j3-nitropyrrole  is  thus  seen  to  be  more  stable  than 
the  monomolecular  form.  These  facts  do  not  interfere  with  our  conclu- 
sion that  |3'-nitro-a-carbop3rrrolic  add  by  decomposition  loses  carbon 
dioxide  and  yields  /S-nitropyrrole  (VII). 

Naturally  the  next  step  must  involve  a  similar  decomposition  for  each 
of  the  two  remaining  nitrocarbop3rrrolic  acids.  The  acid  melting  at 
146^,  as  obtained  by  Ciamidan,  was  now  prepared  and  mixed  with  naph- 
thalene and  heated  in  a  sealed  tube  to  the  point  of  charring.  From  the 
decomposition  mixttu'e  in  the  sealed  tube  we  were  able  to  isolate  the  same 
nitropyrrole  (IX)  mdting  at  loi^  (as  well  as  a  portion  of  the  mono- 
molecular  form)  that  resulted  from  the  decomposition  of  the  add  mdt- 
ing at  217^.  We  must  conclude,  therefore,  that  the  add  (of  Ciamician) 
mdting  at  146®  is  no  other  than  the  /5-nitro-a-carbopyrrolic  add  (III). 

The  third  add,  mdting  at  161^,  was  finally  prepared  according  to  the 
method  of  Anderlini,  and  in  better  3ridds  by  a  method  described  in  the 
Experimental  Part.  When  heated  with  naphthalene  in  a  sealed  tube 
this  add  underwent  decomposition  only  slowly.  Prolonged  action,  how- 
ever, gave  eventually  a  decomposition  product  which  by  extraction  with 
water  yielded  only  a  very  small  quantity  of  a  yellow  oil.  This  oil  was 
not  stable  and  could  not  be  obtained  suifidently  pure  for  analysis.  There 
can  be  no  doubt  but  what  this  oil  is  a-nitropyrrole  (VIII)  which  is  to 
be  expected  from  the  third  possible  add.  The  proof  then  of  the  struc- 
ture of  this  add  (I)  as  an  a'-nitro-a-carbopyrrolic  acid  is  established. 
The  instability  of  a-nitropyrrole  is  to  be  expected  from  its  analogy  to 
a-nitrothiophene  and  a-nitroftuiiu'ane,  both  of  which  so  far  have  not  been 

prepared. 

Experimental  Part. 

The  preparation  of  glycine  ester  was  accomplished  by  the  well-known 
method  of  Emil  Fischer,^  the  hydrolysis  of  gdatin  by  the  action  of  hy- 
drochloric acid  and  the  final  separation  of  the  ester  in  the  form  of  its 
hydrochloride  from  an  absolute  alcoholic  solution.  The  preparation  of 
sodium  nitromalonic  aldehyde  was  carried  out  in  the  usual  way,  by  the 
action  of  sodium  nitrite  upon  mucobromic  acid.^ 

/3i/3-Aldehydonitroethylidenaminoacetic  Ethyl  Ester,  C7H10O5N2  (IV). 
— Equimolecular  quantities  of  sodium  nitromalonic  aldehyde  (1.6  grams) 
and  of  glycine  ethyl  ester  hydrochloride  (1.4  grams)  were  dissolved  in 
6-7  cc.  of  60-70%  alcohol,  and  the  mixture  gently  warmed  for  a  few 
minutes  upon  the  water  bath  to  effect  complete  solution.  When  this 
was  accomplished  the  reaction  mixture  was  allowed  to  stand  at  room  tem- 
perature, whereupon,  in  the  course  of  15-30  minutes,  the  yellow  product 

"  Z.  physid.  Chem.,  33,  151  (1901);  see  Fischer's  "Untersuchungen  iibcr  amino- 
sauren,"  p.  672  (1906). 

•  Am,  Chem.  /.,  33,  25  (1899). 
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crystallized  out.  Calculated  upon  the  basis  of  the  sodium  mtromalaok 
aldehyde  the  yield  of  .the  crude  product  came  to  80%  of  the  theoretieal ' 
3rield  of  ethylidenaminoacetic  ester.  This  ester  is  readily  soluble  in 
acetone,  chloroform,  ethyl  acetate  or  acetic  add;  fairly  soluble  in  akohoL 
ether,  water  or  benzene,  crystallizing  well  from  each;  slightly  soluble  in 
carbon  disulfide  or  carbon  tetrachloride,  and  insoluble  in  ligroin.  It 
crystallizes  best  from  alcohol  or  water  in  the  form  of  thin,  pale  yeDow 
prisms  melting  at  104^.  Hofmann's  carbylaminje  test  when  applied  to 
this  ester  failed  to  show  the  presence  of  the  original  primary  amine  gronp. 
The  presence  of  a  secondary  amine  also  could  not  be  detected,  whereas 
the  action  of  this  ester  in  the  presence  of  an  ammoniacal  solution  of  silver  ni- 
trate showed  the  presence  still  of  an  aldehyde  group,  a  point  further  es- 
tablished by  the  formation  of  a  crystalline  phenylhydrazone  by  the  ac- 
tion of  phenylhydrazine.  The  compound,  the]:efore,  may  be  considered 
as  of  the  structure  previously  described.  This  intermediate  product 
is  very  stable  toward  add  solutions,  crystaUizing  well  from  concentrated 
hydrochloric  add.  Alkalies  transform  it  into  the  pyrrole  derivativet 
but  when  in  extreme  dilution  they  are  comparativdy  without  action 
upon  it.  In  view  of  this  the  first  step  in  the  condensation  between  the 
glydne  ester  and  nitromalonic  aldehyde  may  often  be  hastened  by  the 
addition  of  only  a  few  drops  of  sodium  hydroxide  solution. 

0.1702  g.  subst.  gave  0.35S2  g.  COs  and  0.0791  g.  HsO;  0.1452  g.  subst.  gave  18.6 
oc.  Ni  (24®  and  745.4  mm.  over  HjO). 

Calc.  for  CrHioOiNi:  C,  41.57;  H,  4.98;  N,  1387.  Pound:  C,  41.37;  H,  5.19; N, 
14.01. 

/S'-Nitro-a-carbopyrrolic  Ethyl  Ester,  C7H8O4N2  (VI).— When  i  g.  of 
/9,jS-aldehydonitroethylidenaminoacetic  ethyl  ester,  dissolved  in  8  cc 
of  65%  alcohol  and  treated  with  40  drops  of  a  20%  soditmi  hydroxide  sohi- 
tion,  was  warmed  on  the  water  bath  at  a  temperature  not  above  50^ 
red  crystals  of  /5'-nitro-a-carbop)rrrolic  ester  separated  from  the  red  re- 
action mixture  in  the  coturse  of  half  an  hour.  Tarry  substances  ivere 
indined  to  form  when  the  temperature  overstepped  50**.  The  yidd  of 
the  product  amotmted  to  about  90%  of  the  theoretical  nitrocarbopyndk 
ester  calculated  from  the  weight  of  ethylidenaminoacetic  ester  taken. 

The  preparation  of  this  intermediate  ethylidenaminoacetic  ester  is 
in  no  wise  necessary,  as  the  condensation  may  be  carried  through  in  one 
process.  Equimolecular  quantities  of  sodium  nitromalonic  aldehyde 
(1.6  g.)  and  of  glycine  ethyl  ester  hydrochloride  (1.4  g.)  were  dissolved 
in  6-7  cc.  of  warm  65%  alcohol.  40  drops  of  a  20%  sodium  hydroxide 
solution  were  then  added  and  the  red  reaction  mixture  set  aside  for  half 
an  hour  at  a  constant  temperature  of  50^.  At  the  end  of  this  time  the  red 
crystalline  mass  which  had  separated  was  removed,  washed  with  alcohol 
and  dried.    The  jridd  amounted  to  75%  of  the  theoretical  nitrocarbo- 
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pyrrolic  add  ester  when  based  upon  the  aldehyde  salt  employed.  The 
pure  product  is  readily  soluble  in  acetone  or  acetic  add;  fairly  soluble  in 
alcohol,  ether,  benzene,  chloroform,  or  ethyl  acetate;  slightly  soluble 
in  water,  carbon  tetrachloride,  or  carbon  disulfide,  and  insoluble  in  ligroin. 
It  is  best  purified  by  crystallization  from  alcohol,  from  which  it  separates 
in  almost  colorless,  glistening  prisms  mdting  at  174^. 

0.1736  g.  subst.  gave  0.2896  g.  COs  and  0.0703  g.  HtO;  0.1823  g.  subst.  gave  25.3 
cc  Ni  (23.2  ®  and  748.2  mm.  over  HjO). 

Calc.  for  C7Hi04Nj:  C,  4563%;  H,  4.39;  N,  15.23.  Pound:  C,  45.50;  H,  4.52; 
N,  I5-3I- 

/5'-Nitro-a-carbopyrrolic  Methyl  Ester,  CcHeOiNa. — ^This  product 
was  prepared  in  an  identical  manner  to  that  of  the  preceding  ethyl  ester, 
glydne  methyl  ester  replacing  the  previously  employed  glycine  ethyl 
ester.  The  pure  substance  is  readily  soluble  in  acetone;  fairly  soluble 
in  alcohol,  ether,  benzene,  ethyl  acetate,  chloroform  or  acetic  add,  crys- 
tallizing well  from  each;  slightly  soluble  in  water,  carbon  disulfide,  or  car- 
bon tetrachloride,  and  insoluble  in  ligroin.  It  crystallizes  best  from  alco- 
hol in  almost  colorless  prisms  melting  at  198®.  This  product  was  pre- 
pared primarily  to  check  that  product  which  had  been  reported  by  Ander- 
lini*  as  melting  at  197°.  The  two  products  were  found  to  be  identical 
in  all  respects  and  when  mixed  melted  practically  at  198®. 

0.158 1  g.  subst.  gave  0.2448  g.  CO2  and  0.0538  g.  H2O. 

Calc.  for  C«He04N2:  C,  4235%;  H,  3-54%-    Found:  C,  42.22;  H,  3-81. 

j5'-Nitro-a-carbopyrrolic  Acid,  C6H4O2N2  (II). — One  gram  of  /S'-nitro- 
a-carbopyrrolic  ethyl  ester  was  brought  into  solution  with  15  cc.  of  a  20% 
potassium  hydroxide  solution  and  tJbie  contents  of  the  flask  warmed  for 
5-6  hotu^  under  a  reflux  condenser  upon  a  steam  bath.  The  yellow  solu- 
tion was  then  cooled  by  pladng  the  flask  in  a  freezing  mixture  and  con- 
centrated hydrochloric  acid  added  to  the  point  of  neutralization,  where- 
upon the  yellow  color  disappeared.  Without  espedal  cooling  the  heat 
of  neutralization  would  lead  to  decomposition  of  the  add  sought.  The 
neutral  solution  was  next  extracted  with  ether  and  a  pale  yellow  product 
thus  removed.  The  yield  amounted  to  90%  of  the  theoretical  weight  of 
the  add.  This  free  acid  is  readily  soluble  in  alcohol,  ether,  ethyl  acetate, 
or  acetone;  fairly  soluble  in  water  or  gladal  acetic  add;  slightly  soluble 
in  chloroform,  benzene,  carbon  disulfide  or  carbon  tetrachloride,  and  in- 
soluble in  ligroin.  It  crystallizes  well  from  hot  water  in  beautiful,  color- 
less needles  which  melt  with  decomposition  at  217**.  It  crystallizes  im- 
changed  from  gladal  acetic  add.  Anderlini  obtained  this  same  add 
by  the  hydrolysis  of  the  nitro-a-carbop3rrrolic  methyl  ester  previously 
described.  The  add  which  he  obtained  was,  of  course,  the  same  as  is  ob- 
tained by  the  hydrolysis  of  the  ethyl  ester.  Our  product  mdting  at  2 1 7  **, 
^Loc,cU. 
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when  mixed  with  his,  melted  constant  at  the  same  point  and  in  all  respects 
the  two  acids  were  fotmd  to  be  identical.  They  each  contain  one  mok- 
cule  of  water  of  crystallization  which  is  readily  lost  by  standing  in  a  desic- 
cator over  sulfuric  acid. 

0.5033  g.  subst.  lost  0.0508  g.  HtO  over  HtS04  in  48  hours. 
Calc.  for  C^HiOiNt.HjO:  H,0.  10.33%.     Pound:  H,0,  10.09%. 

0.2x06  g.  anhydrous  subst.  gave  0.2974  g.  COi  and  0.0495  g.  HsO;  0.1341  g  an- 
hydrous subst.  gave  21.9  cc.  Nj  (21  **  and  745.5  mm.  over  HiO). 

Calc.  for  C»H404Ni:  C,  38.47;  H,  2.56;  N,  17.96.  Found:  C,  3852;  H,  2.63;  N, 
18.14. 

By  the  action  of  potassium  carbonate  this  add  was  converted  into  the 
corresponding  potassium  salt,  which  is  extremely  soluble  in  water  but 
crystallizes  from  its  concentrated  solution  in  the  form  of  needles  or  prisms 
of  a  light  yellow  color. 

0.1814  g.  K  salt  gave  0.0827  g.  KsS04. 

Calc.  for  C6Ha04NjK:  K,  20.17%.     Found:  K,  20.47. 

The  salt  therefore  contains  no  water  of  crystalUzation. 

The  silver  salt  of  this  acid  is  easily  precipitated  by  the  addition  of  a 
silver  nitrate  solution  to  an  aqueous  solution  of  the  acid  made  neutnl 
with  ammonium  hydroxide.     It  forms  a  yellow,  flocculent,  precipitate. 

0.2885  g.  subst.  gave  0.2064  g.  AgBr. 

Calc.  for  C6Hi04N2Ag:  Ag,  41.04.     Found:  Ag,  41.09.  | 

/9-Nitro-a-carbopyrrolic  Acid,  C6H4O1N2  (III). — ^This  acid,  the  first 
known  of  the  nitrocarbopyrrolic  series,  was  prepared  by  Ciamician^  froni 
pyrocoU  by  the  action  of  fuming  nitric  acid.  Our  method  differed 
slightly  from  his  and  required  a  definite  strength  of  nitric  add  and 
maintenance  of  a  constant  temperature.  Two  grams  of  pyrocoU 
added  in  small  portions  to  about  40  g.  of  nitric  acid  (sp.  gr.  ==  i .  50) 
to  4-10°.  When  all  of  the  pyrocoll  had  been  added,  the  red  solu 
was  warmed  upon  the  steam  bath  for  a  few  moments  and  then 
into  an  excess  of  ice-water.  The  dark  yellow,  noncrystalline  predpitaK 
of  a  dinitropyrocoU  was  filtered  off  and  treated  at  once  with  20  cc.  of  t 
20%  sodium  hydroxide  solution.  The  mixture  was  then  heated  upofl 
the  steam  bath  until  a  test  portion  failed  to  give  a  precipitate  when  ackfr 
fied  with  dilute  sulfuric  acid.  When  this  hydrolysis  was  thus  showi 
to  be  complete  the  solution  was  cooled  by  a  freezing  mixture  and  finaDf 
acidified  by  dilute  sulfuric  acid.  Extraction  with  ether  removed  tbc 
yellow,  crystalline  product  melting  at  140-6**  as  obtained  by 
This  /9-nitro-a-carbopyrrolic  acid  is  readily  soluble  in  acetone,  al< 
ether,  ethyl  acetate  or  acetic  add;  fairly  soluble  in  chloroform,  benxeB| 
or  water;  slightly  soluble  in  carbon  disulfide  or  carbon  tetrachloride 
insoluble  in  ligroin.  jS'-Nitro-a-carbopyrrolic  add  is  somewhat  mort 
*  Loc.  cit. 
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soluble. in  water  than  this  add,  whereas  a'-nitro-a-carbopyrrolic  add  is 
somewhat  less  soluble  in  water.  The  add  oystallizes  best  from  water 
in  almost  colorless  needles  containing  one  molecule  of  water  of  crystalliza- 
tion.   The  anhydrous  add  mdts  at  146^. 

/^Nitro-a-carbopyrrolic  Methyl  Bster,  C«H«04Ns. — ^Although  the  three 
nitro-a-carbopyrrolic  adds  have  been  known,  only  two  of  the  correspond- 
ing esters  are  described  in  the  literature.  The  methyl  ester  of  0'-nitro-a- 
carbopjrrrolic  add,  mdting  at  198®,  and  the  methyl  ester  of  a'-nitro-a- 
carbopyrroUc  add,  mdting  at  179°.  As  the  third,  /3-nitro-a-carbopyrrolic 
add  was  readily  converted  into  its  methyl  ester  by  an  hour's  heating  of 
the  silver  salt  with  methyl  iodide  under  a  reflux  condenser.  The  ether 
extract  of  the  dry  residual  mass  gave  the  crude  ester.  This  methyl  ester 
is  readily  soluble  in  acetone;  fairly  soluble  in  alcohol,  ether,  benzene, 
ethyl  acetate,  chloroform  or  acetic  add,  crystallizing  best  from  alcohol; 
slightly  soluble  in  water  and  insoluble  in  ligroin.  The  pure  ester  mdted 
at  162  ^ 

a'-Nitro-a-carbopyrrolic  Add,  C6H4O4NS  (I). — ^This  add  can  be  pre- 
pared by  the  method  of  Anderlini^  in  which  a-carbopyrrolic  ester  is  ni- 
trated directly  with  nitric  add.  The  yidd  is  exceedingly  small  and  no 
appredable  amount  can  be  prepared  by  this  process.  We  have  studied 
the  reaction  under  a  wide  range  of  temperature  and  concen^ations  of 
add  and  find  it  in  no  way  practicable.  The  a-carbopyrrolic  ester  here 
employed  may  best  be  prepared  by  the  method  of  Oddo,^  which  far  sur- 
passes the  other  methods  that  may  be  mentioned.  But  even  with  a  good 
method  for  the  production  of  the  ester  the  next  step,  namely  its  nitra- 
tion, failed  to  give  satisfactory  results.  There  is  no  doubt  but  what 
all  three,  nitrocarbopyrrolic  acids  are  to  be  found  in  the  reaction  mixture. 
For  these  reasons  we  have  chosen  preferably  to  work  with  the  residues 
left  upon  the  nitration  of  p3rrocoll  according  to  the  method  of  Ciamidan. 
By  certain  nitrations  of  pyrocoll,  namdy  those  carried  out  at  lower  tem- 
peratures, we  were  able  to  procure  an  appredable  quantity  of  this  a'-nitro- 
a-€arbop3nTolic  add  sufficient  for  the  ptu'pose  of  this  investigation.  In  a 
subsequent  communication  we  shall  describe  the  methods  in  detail. 
The  pure  a'-nitro-a-carbop)rrrolic  acid  as  obtained  by  us  from  pyrocoll, 
as  well  as  by  the  method  of  Anderlini,  is  readily  soluble  in  acetic  add, 
acetone,  alcohol,  ether  or  ethyl  acetate;  fairly  soluble  in  chloroform, 
benzene,  or  water,  crystallizing  from  dther  in  small,  colorless,  needle  dus- 
ters; slightly  soluble  in  carbon  disulfide  or  carbon  tetrachloride,  and  in- 
soluble in  ligroin.  It  is  best  purified  by  crystallization  from  water  from 
which  it  separates  with  one  molecule  of  water  of  crystallization.  The 
anhydrous  add  melts  sharply  at  161  ®. 

*  Loc.  cU, 

*  Gau,  chim,  iial.,  [z  ]  39,  649  (1909). 
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Decom^otttioii  of  flie  Nttro-a-carbapyrrolic  Adds  into  the  Cocreipoiid- 
ing  Nitropyrroles. — ^The  decompositioii  of  the  caiixypyrrolic  acids  by 
heat  alone  is  well  known.  Attempts,  however,  to  decompose  these  three 
nitrocarbopyrrolic  adds  met  with  many  failures.  Heating  the  adds 
alone  resulted  in  explosive  decompositions.  When  the  /3'-nitro-a-carbo- 
pyrrolic  add,  m.  p.  217^  and  of  which  we  possessed  a  good  supply,  was 
heated  with  pumice,  lime,  soda-lime,  sand,  findy  divided  copper,  nickd, 
and  other  metals,  no  satisfactory  product  could  be  procured.  A  disdUa- 
tion  of  the  add  under  diminished  pressure,  however,  gave  us  a  very  small 
quantity  of  a  nitropyrrole,  but  far  better  results  were  obtained  when  equal 
quantities  of  this  add  and  naphthalene  were  heated  in  a  sealed  tube  up  to, 
but  not  beyond,  the  point  of  slight  charring,  when  the  heating  was  dis- 
continued. By  the  action  of  hot  water  upon  this  reaction  mixture  we 
were  able  to  extract  a  fair  quantity  of  a  dark  yellow  crystalline  product 
of  no  definite  mdting  point.  When  the  product  was  digested  toe  a  few 
minutes  with  ice  water  we  obtained  a  yellow  solution  which,  upoa  spoa- 
taneous  evaporation,  yidded  small  prisms  of  nitrop3rrrole  mdting  at 
63.5^.  The  part  left  undissolved  by  the  ice- water  was  now  dissdved 
in  warm  water  and  this  solution  also  allowed  to  evaporate  spontaneously. 
From  this  portion  we  obtained  small,  yellow  prisms  mdting,  when  pure, 
at  10 1  ^.  It  was  next  observed  that  the  nitropyrrole  mdting  at  63.^^ 
underwent  some  change  when  warmed  for  any  leng^  of  time  at  70-8o^ 
The  product  resulting  was  found  to  have  a  mdting  point  at  loi  °.  This 
led  us  at  once  to  the  belief  that  the  higher  mdting  substance  was  a  poly- 
mer of  the  first  product.  A  molecular-wdght  determination  confirmed 
this  view,  as  will  be  seen  in  the  discussion  of  these  two  nitropyrroles  un- 
der the  next  heading. 

The  preparation  of  a  nitropyrrole  by  the  elimination  of  carbon  dioxide 
from  our  /9'-nitro-a-carbopyrrolic  acid  indicates  directly  the  constitution 
of  the  nitrop3rrrole  produced,  namdy  that  of  a  /S-nitropyrrole.  This,  as 
wUl  be  seen  shortly,  is  identical  with  the  nitrop3nTole  obtained  by  Angeli 
and  Allessandri.^ 

The  method  just  described  for  the  elimination  of  carbon  dioxide  from 
/3'-nitro-a-carbopyrrolic  add  with  consequent  production  of  nitropyrrole, 
was  next  applied  to  the  /3-nitro-a-carbopyrrolic  add,  mdting  at  146^ 
Under  exactly  analogous  conditions  we  were  able  to  reproduce  the  same 
results  as  described  with  /3^-nitro-a-carbop3rrrolic  add.  The  /9-nitn>- 
p3rrrole  obtained  was  in  every  way  identical  with  that  previously  de- 
scribed. The  condusion  is,  therefore,  evident:  these  two  adds  which 
give  the  same  /3-nitropyrrole  must  have  the  nitro  groups  in  the  fi'-  and  /^ 
positions,  respectivdy. 

When  the  third  add,  a'-nitro-a-carbopyrrolic  add,  was  subjected  to 
*  Loc.  cit. 
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this  same  decomposition  reaction  with  naphtiialene  in  a  sealed  tube, 
the  product  yielded  no  trace  of  a  /9-nitrop)rrrole  but  only  a  yellow,  oily 
substance  of  no  definite  stability.  We  identified  it  as  a  nitro  product 
and  one  which  could  not  be  purified.  We  may,  therefore,  conclude  that 
it  is  the  a-nitropyrrole  which  evidentiy  would  be  formed  by  the  elimina- 
tion of  carbon  dioxide  from  the  add  in  question. 

Monomolecular  /5-Nitropyrrole,  C4H4OJN2. — In  order  to  check  conclu- 
sively oiu-  results  with  those  of  Angeli  and  Allessandri,^  who  first  pre- 
pared a  nitropyrrole,  we  have  reproduced  their  results  as  follows:  5 
g.  of  pyrrole  were  dissolved  in  30-40  cc.  of  dry  ether  and  to  this  solution 
2.4  g.  of  soditun  wire  and  9.51  g.  of  ethyl  nitrate  were  added.  The 
flask  with  its  contents  was  now  warmed  under  a  reflux  condenser  pro- 
tected from  the  air  by  a  U-tube  containing  strong  alkali.  The  tempera- 
ture, however,  was  not  permitted  to  rise  over  30°.  Into  this  flask,  after 
about  48  hours,  when  the  sodiiun  had  completely  dissolved  and  a  dark 
brown  salt  had  separated  out,  small  pieces  of  ice  were  added  and  the 
mixture  extracted  with  ether  to  remove  any  pyrrole  unacted  upon.  The 
cold  aqueous  residue  was  then  treated  with  bone-blfick  and  the  clear 
filtrate  treated  with  a  silver  nitrate  solution,  whereupon  a  dark  yellow, 
non-crystaUine  precipitate  was  formed.  This  latter  step  must  be  car- 
ried out  in  the  absence  of  all  but  a  ruby  light.  Though  no  mention  is 
made  of  this  fact  by  the  authors,  we  have  found  it  absolutely  essential 
to  the  success  of  the  experiment.  The  precipitate  was  filtered  off  and 
washed  repeatedly  with  cold  water  until  no  appreciable  amount  of  silver 
remained  in  the  washings.  While  still  moist  this  precipitate  was  treated 
with  sodium  chloride  and  water.  Silver  chloride  and  the  excess  of  sodium 
chloride  were  removed  by  filtration.  The  clear,  yellow  solution  was  now 
saturated  with  carbon  dioxide  and  extracted  with  ether,  from  which  by 
evaporation  a  yellow  oil  was  obtained.  At  this  stage  we  found  that  it 
was  advantageous  to  dissolve  the  oil  in  a  mixture  of  benzene  and  high- 
boiling  ligroin  and  after  treating  with  bone-black  to  allow  the  solution  to 
evaporate  in  the  open  air.  When  cooled  the  residual  oil  slowly  gives  small 
yellow  highly  refractive  crystals  of  nitropyrrole.  These  melted  at  63 . 5  ® 
as  described  by  the  authors.  Upon  heating  for  a  short  time  it  was  ob- 
served that  this  product  had  slowly  changed  into  that  higher  melting  sub- 
stance (loi  *^)  which  we  obtained  in  the  decomposition  of  two  of  the  nitro- 
carbopyrrolic  acids.  The  yield  of  /9-nitropyrrole  from  the  method  just 
described  cannot  much  exceed  1%  of  the  theoretical  quantity,  but  for  our 
purpose  we  were  able  to  secure  sufficient  to  confirm  the  identity  of  the 
products  from  these  two  sources  mentioned.  The  decomposition  of 
0'-nitro-a-carbopyrrolic  acid  gave  us  the  best  yield  in  /S-nitropyrrole — 
approximately  50%  of  the  theoretical  value. 
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/SijS-Dmitrodipyrrolet  C8H8O4N4  (IX). — ^This  substance,  wfaidi  we  have 
shown  to  be  readily  prepared  by  heating  the  monomolecular  farm  for  a 
few  minutes  at  a  point  slightly  above  its  melting  point,  63. 5 ^  is  best 
purified  by  crystallization  from  water  in  pale  yellow  prisms  melting  at 
loi^.  It  may  also  be  crystallized  from  benzene  in  the  form  of  yellow 
plates.  It  is  readily  soluble  in  alcohol,  acetone,  ethyl  acetate,  or  acetic 
acid;  fairly  soluble  in  water,  benzene,  or  chloroform,  and  almost  insdti- 
ble  in  ligroin,  carbon  tetrachloride  or  carbon  disulfide. 

0.1457  g.  subst.  gave  0.2270  g.  COs  aad  0.0493  g.  HtO;  0.1216  g.  subst.  gave  27.6 
cc.  Ns  (21.1  °  and  743.0  mm.  over  HjO). 

Calc.  for  (C4H40tNt)i:  C,  42.85;  H,  3.59;  N,  25.01.  Found:  C,  4308;  H,  3.84; 
N,  25.12. 

Subst.  0.1294  g.,  0.2694  ?•»  0.4222  g.;  benzene,  15.2  g.;  elevation,  0.097,  0.200, 
0.401. 

Calc.  for  (C4H40sNs)s:  224.06.    Found:  222.0. 

Subst.  0.0981  g.;  water,  32.32  g.;  depression,  0.035. 

Calc.  for  (C4H40»Nj)j:  224.06.     Found:  161. 3. 

Although  the  product  maintains  its  dimolecular  structure  at  higher 
temperatures  and  in  anhydrous  solvents,  the  action  of  cold  water  alone 
is  seemingly  sufficient  for  a  partial  dissociation  into  the  monomolecular 
form  as  just  indicated.  The  preparation  of  /3-nitropyrrole  cannot  be 
successfully  accomplished  by  the  method  of  Angeli  and  Allessandh. 
Though  the  method  we  have  described  for  its  preparation  gives  fair  yields 
any  large  quantity  must  be  found  difficult  to  prepare. 

Summary. 

1.  Pyrrole-a-carboxylic  acid  (a-carbopyrrolic  acid)  had  been  known  to 
yield  three  distinct  nitro  derivatives.  The  position  of  the  nitro  group, 
however,  in  any  one  of  these  acids  could  not  be  determined. 

2.  The  S3mthesis  of  /3'-nitro-a-carbopyrroUc  acid  from  nitromalonic  alde- 
hyde and  glycine  ester  lead  to  the  identity  of  one  of  these  three  unknown 
nitro  adds. 

3.  With  one  acid  thus  known  the  decomposition  of  each  was  studied. 
Heating  with  naphthalene  in  sealed  tubes  sufficed  for  the  elimination  of 
carbon  dioxide  from  each  and  for  the  consequent  production  of  a  nitro- 
pyrrole  as  residue.  The  /3'-nitro-a-carbop)rrrolic  acid  gave  jS-nitropjrrrole 
as  expected.  The  other  nitro  acid,  therefore,  which  3rielded  the  same 
/3-nitropyrrole  became  identified  at  once  as  /S-nitro-a-carbopyrrolic  add, 
whereas  that  acid  which  yielded  the  unstable  a-nitrop3a'role  was  neces- 
sarily accorded  the  constitution  of  an  a'-nitro-a-carbopyrrolic  add. 

4.  Although  the  constitution  of  nitropyrrole  itself  had  previously  been 
unknown,  the  work  here  described  estabhshes  it  as  a  /S-nitropyirole,  a 
compound  readily  transformed  into  a  dimolecular  form  |8,jS>dinitrodipyrroL 
The  unstable  a-nitropyrrole  was  found  incapable  of  isolation. 

Ann  Akbok,  Mich. 
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In  an  earlier  paper^  some  salts  of  monochloro-  and  trichloroacetic  adds 
were  described.  This  article  discusses  some  more  compotmds  formed  by 
these  acids  and  in  addition  derivatives  of  dichloroacetic  and  monobromo- 
acetic  adds. 

CHClsCOsNHi. — ^Ammonium  dichloroacetate  was  prepared  by  passing 
dry  ammonia  into  an  absolute  ether  solution  of  dichloroacetic  add. 
The  white  precipitate  which  formed  was  filtered  off  and  washed  free  from 
the  acid  with  ether.  Keiser  and  McMaster^  first  used  this  method  for 
the  preparation  of  neutral  ammonium  salts  of  organic  acids  and  later 
McMaster^  amplified  the  method  and  described  many  compotmds  prepared 
in  this  way.  Among  the  solvents  which  may  be  used  are  alcohol,  ether  and 
acetone.  We  have  foimd  where  the  acids  are  fairly  strong,  as  in  the  cases  of 
dichloro-  and  trichloroacetic  adds,  that  a  solvent  other  than  alcohol  should 
be  used.  Both  these  acids  formed  with  absolute  alcohol  a  fair  quantity 
of  ethyl  ester,  the  amount  being  increased  if  the  solution  became  hot 
while  ammonia  was  being  absorbed.  Under  these  conditions  no  predpi- 
tate  was  obtained.  Upon  evaporation  of  the  alcohol  a  syrup-like 
liquid  results,  which  is  a  solution  of  the  ammonium  salt  in  the  ester, 
and  from  which  the  dry  salt  is  obtained  with  some  trouble.  If 
the  original  solution  is  distilled,  alcohol  is  first  obtained,  then  the 
ester  and  a  residue  of  the  salt  is  left  behind.  In  ether  or  acetone  solu- 
tions these  difficulties  are  not  encoimtered,  and  not  in  alcohol  if  the  acid 
be  weak. 

When  prepared  as  above,  ammonium  dichloroacetate  forms  in  white 
leaflets  very  lustrous  and  pearly.  It  is  not  ddiquescent,  has  a  slight 
halogen  odor  and  is  quite  stable.  When  dissolved  in  water,  in  which  it 
is  very  soluble,  it  gives  first  a  neutral  solution,  but  this  soon  becomes 
add  due  to  hydrolysis.  This  salt  is  very  soluble  in  ethyl  alcohol,  another 
reason  for  not  preparing  it  in  this  liquid.  It  dissolves  readily  in  ethyl 
acetate,  acetone,  ethyl  dichloroacetate,  methyl  alcohol  and  acetate,  but 
not  in  ether  or  benzene  and  only  slightly  in  ethyl  butyrate  and  iso-amyl- 
benzoate. 

When  heated  carefully  the  compoimd  volatilizes  in  white  fumes  having 
an  odor  of  ammonia.  Upon  stronger  heating  it  chars,  while  dichloro- 
acetic add,  ammonia  and  carbon  dioxide  are  evolved. 

*  Batemaa  and  Hoel,  Tms  Journal,  36»  2517  (1914). 
'.  Keiser  aiid  McMaster,  Am.  Chem.  J.,  49,  84  (1913). 

*  McMaster,     Ibid.,     49,     294     (19 13);    This    Journal,    36,    742    and    1916 
(1914). 
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drous  salt.    This  is  less  soluble  in  water  than  the  hydrate  and  also  less 
soluble  in  absolute  alcohol,  with  which  it  forms  a. green  solution. 

When  a  dilute  solution  of  phenylhydrazine  in  absolute  alcohol  is  added 
to  a  solution  in  the  same  reagent  of  the  copper  salt  of  any  one  of  the  chlofo- 
acetic  acids,  olive-colored  substances  precipitate  at  once.  These  are  no 
doubt  addition  products  such  as  phenylhydrazine  forms  so  readily.  They 
promptly  decompose,  however,  with  vigorous  evolution  of  nitrogen. 
Next  a  white  precipitate  settles  out  in  long  needles.  This  is  quite  un- 
stable, for  when  exposed  to  the  air  it  turns  copper*red  in  color,  the  same 
effect  being  brought  about  by  water,  only  more  energetically.  These 
precipitates  dissolve  readily  in  ammonium  hydroxide,  but  at  first  gi^ 
colorless  solutions  which  upon  shaking  with  air  become  green  and  finally 
the  deep  familiar  blue.  Hydrochloric  acid  solutions  quickly  become 
colored  brown. 

If  phenylhydrazine  is  used  to  excess  and  if  the  mixture  be  allowed  to 
become  hot,  cuprous  oxide  is  formed  and  in  some  cases  what  appeared 
to  be  free  copper.    Sometimes  the  odor  of  benzene  is  perceived. 

The  white  precipitate  is  chiefly  cuprous  chloride,  which  is  changed  by 
the  action  of  moist  air  or  water  into  cuprous  oxide  as  stated  by  Lesooeiir^ 
and  Haywood.*  It  may  contain,  however,  the  salt  of  phenylhydrazme 
and  the  chloroacetic  acid  whose  copper  salt  is  used. 

Still  other  substances  are  sometimes  fotmd.  If  the  alcc^<d  solution 
from  the  reacting  mixture  is  diluted  with  water  a  white  crystalline  sub- 
stance separates.  This  is  diphenylamine,  or  some  substitution  product, 
since  it  has  the  agreeable  odor  and  gives  the  usual  test  with  nitric  add 
characteristic  of  this  compotmd.  Tafel,'  and  later  Gatterman,  Johnsoo 
and  Hdlzle,^  found  diphenylamine  derivatives  to  be  formed  by  reducing 
phen3rlhydrazines  with  copper  acetate  and  decomposing  the  resulting 
compounds. 

If  the  solution  is  hot  and  oxidation  energetic,  the  ethyl  ester  of  the  add 
is  sometimes  recognized  by  its  odor.  When  copper  monochloroacetate 
is  concerned,  the  reaction  mixture  usually  has  a  strong,  aromatic,  ^cy 
odor.  This  is  no  doubt  due  to  monochloroacetaldehyde,  since  Tafd* 
found  aldehyde  to  be  formed  with  copper  acetate.  This  is  all  the  more 
probable  since,  when  copper  trichloroacetate  is  used,  the  familiar,  sweet, 
pungent  odor  of  chloral  can  at  times  be  detected.  Monodiloroacetakie- 
hyde  is  said  to  have  a  powerful  odor. 

Finally    chlorobenzene    is    formed.    Gatt^mann    and    H5lzle*  have 

'  Lescoetir,  Ann.  chim.  phys.,  7,  97  (1894). 

•  Haywood,  J.  Phys.  Chem.,  x,  411  (1897). 

•  Tafcl,  Ber.,  35,  413  (1892). 

*  Gatterman,  Johnson  and  Hdlzle,  Ibid.,  25,  1075  (1892). 
»  Tafel,  Ibid.,  35,  413  (1892). 

*  Gatterman  and  Hdlzle,  Ibid.,  25,  1074  (1892). 
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shown  that  the  monohalogen  benzene  compounds  can  be  prepared  by  the 
action  of  copper  sulfate  on  phenylhydrazine  in  the  presence  of  hydrogen 
halides  with  the  separation  of  cuprous  chloride  or  metaUic.  copper. 
Comparison  of  Copper  Acetate  with  the  Copper  ChlOToacetates. 

Color. — Cu(CH8C02)j.H20  has  a  deep  green  color. 

Cu(CH2ClC02)2.4H20  has  the  same  green  color  but  lighter  in  shade. 

Cu(CHCl2C02)2.4H20  is  deep  blue  in  color. 

Cu(CCUC02)2.3H20  is  medium  blue  in  color. 

The  anhydrous  chloro  salts  all  have  a  bright  blue-green  color,  but 
Cu(CHCl2C02)  is  paler  than  the  rest,  while  anhydrous  copper  acetate  is 
white. 

Solubility. — ^The  salts  of  the  substituted  acids  are  more  soluble,  in 
general,  than  copper  acetate.  This  is  especially  so  with  ethyl  acetate, 
in  which  copper  acetate  dissolves  only  slightly,  while  the  copper  chloro- 
acetates  are  very  soluble.  Copper  halides  are  soluble  as  observed  by 
Naumann.^ 

Stability  and  Reactivity. — Copper  acetate  is  more  stable  than  the 
copper  chloro-sa^ts  but  the  latter  are  more  active,  especially  in  oxida- 
tion reactions. 

Cu(CH2BrC02)2.H20. — ^This  copper  salt  was  prepared  in  the  same 
way  as  the  others.  It  crystallizes  from  deep  green  solutions  in  masses 
of  small,  dark  green  crystals  similar  in  appearance  to  those  of  copper 
acetate  itself  and  hence  darker  in  cqlor  than  those  of  copper 
chloroacetate.  It  is  very  soluble  in  water,  alcohol,  acetone  and  ethyl 
acetate,  and  somewhat  soluble  in  ether  and  glacial  acetic  acid.  It  is  in- 
soluble in  benzene. 

Copper  monobromoacetate  reacts  with  phenylhydrazine  in  a  manner 
analogous  to  the  action  of  the  chloro-salts,  but  slower  and  less  vigorous. 
Cuprous  bromide  is  formed  which  reacts  with  moist  air  or  water  to  give 
metalUc  copper  and  cuprous  oxide,  but  this  action  is  weaker  than  with 
cuprous  chloride.^ 

Calc.  for  Cu(CH2BrC0j)i.H,0:  Cu,  1778;  H2O,  5  03.    Found:  Cu,  17.69;  H<0» 
5.14. 

Cu(CH2BrC02)2. — ^The  anhydrous  salt  has  a  blue-green  color  and  is 
soluble  in  the  same  reagents  as  the  hydrate,  but  in  somewhat  less  de- 
gree- 

If  a  solution  of  copper  bromoacetate  is  heated  for  a  time  on  the  steam 
bath,  it  becomes  brown  in  color  and  copper  bromide  separates  from  the 
coded  solution.  This  salt,  then,  is  more  susceptible  to  hydrolysis  than 
copper  chloroacetate. 

Hg(CH2ClC02)2« — Mercury  monochloroacetate  was  prepared  by  add- 

^  Naumann,  Ber.,  43,  314  (1910). 

'  Bddlander  and  Storbeck,  Z.  anorg.  Chem.,  31,1  and  458  (1902). 
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ing  in  small  quantities  at  a  time  pure  mercuric  oxide  to  a  hot  water  solu- 
tion of  the  add.  The  latter  was  kept  always  in  excess.  After  a  time,  a 
white  precipitate  separated  in  shining  leaflets  from  the  hot  solation. 
This  was  filtered  off  and  the  cool  solutions  left  to  crystallize.  From  them 
a  white,  coarsely  crystalline  substance  was  obtained  having  a  slight  tinge 
of  yellow.    Both  forms  are,  however,  the  anhydrous  salt. 

Calc.    for    Hg(CH2ClCOi)i:  Hg,    53.44.    Found:  leaflets.    Hg,    53.54;^    crystals. 
52.50- 

This  compound  is  only  sparingly  soluble  in  water,  alcohol,  acetone 
and  ethyl  acetate.  When  hydrogen  sulfide  is  passed  through  the  stita* 
tion  in  ethyl  acetate  a  bright  orange  precipitate  is  first  formed  but  tUi' 
quickly  becomes  black.'  If  dry  ammonia  be  passed  into  the  solutioD  ia 
the  same  solvent  the  salt  is  reduced  with  the  formation  of  mercury.  Other 
merctuic  salts  form  ammonates.' 

When  mercuric  monochloroacetate  is  heated,  it  begins  to  melt  at  135* 
and  boils  at  140°.  While  boiling  it  becomes  slightly  pink  in  ocdor.  All 
150°  boiling  ceases  and  the  temperature  rises  to  185^  before  fnrtker 
action  takes  place.  Then  the  residue  rapidly  becomes  black  and  at  190* 
is  mostly  free  mercury.  I 

When  this  salt  is  treated  with  ammonium  hydroxide  a  fine,  white  poiH 
der  is  precipitated  which  becomes  yellow  in  color  upon  sparing  washing 
and  drying.  This,  if  only  ammonolysis^  takes  place,  would  be  NHrHg-| 
CH2CICO2  with  a  mercury  content  of  64%.  If  both  amnionol3rsis  ani 
hydrolysis  take  place  we  might  expect  the  monochloroacetate  ol 
Ion's  base  since,  as  shown  by  PrankUn,  salts  of  this  base  are  usually  f< 
where  ammonium  hydroxide  reacts  with  mercuric  salts.  The  above 
pound  contains  76%  merctuy.  Analysis  of  the  sample,  however,  ga^ 
values  in  the  neighborhood  of  85%.  HOHgNHs  requires  about 
quantity  of  mercury,  but  2%  nitrogen,  while  our  preparation  con 
only  0.25%  of  the  latter. 

HgCCClaCOj)^. — ^We  tried  to  prepare  this  salt  by  the  action  of  the 
on  mercuric  oxide  since  this  plan  succeeded  with  the  monochlofo 
However,  it  did  not  work  weU  in  this  case.   Water  solutions  of  the 
will  keep  on  reacting  with  merctuic  oxide  long  after  the  theoretical 
tity  has  been  used.    White,  amorphous  substances  separate  out,  ccm 
ing  var3ring  amounts  of  mercury,  and  the  solution  gives  forth  a 
of  sweet  odors.    If  merctuic  oxide  in  the  right  quantity  is  added,  litde 
little,  to  a  water  solution  of  the  add,  a  beautiful,  white,  crystalline 
of  shining  needles  soon  collects  on  the  top  of  the  liquid.     This  ai 

^  This  analysis  was  kindly  made  for  tts  by  Mr.  A.  B.  Hod. 
'  Neumann,  Ber.,  43»  313  (1910). 

'  Nemnann,  Loc.  cit.;  Franklin,  Tms  Journai^,  ag,  35  (1907). 
4  Franklin,  Loc,  cU, 
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is  the  merctiric  compound,  but  we  never  succeeded  in  getting  it  pure. 
Almost  at  once  it  falls  to  the  bottom  of  the  dish  in  the  form  of  a  white 
powder  and  this,  when  examined  and  analyzed,  proves  to  be  almost  pure 
mercurous  chloride. 

Calc.  for  HgsQs:  Hg,  84.95.    Found:  84.57. 

Other  attempts  gave  mixtures  of  mercurous  and  mercuric  salts  and  basic 
salts.  According  to  Beilstein,  Clermont^  prepared  this  salt  in  prismatic 
needles,  but  we  have  not  seen  the  original  paper. 

Hgi(QCl3C02)2.-^This  salt  was  prepared  by  adding  a  solution  of  tri- 
chloroacetic add  to  a  freshly  prepared  solution  of  mercurous  nitrate.  A 
snow-white  precipitate  consisting  of  small  needles  was  thrown  down. 
U  this  is  allowed  to  crystallize  from  water,  in  which  it  is  but  sparingly 
soluble,  it  can  be  obtained  in  large  beautiful  needles. 

Calc.  for  Hgs(CCUCOs)a:  Hg,  55.19-     Found:  5539. 

While  sparingly  soluble  in  water,  this  substance  is  very  soluble  in  alco- 
hol, ethyl  acetate,  acetone,  benzene  and  toluene,  and  somewhat  so  in 
ether.  If  dfy  hydrogen  sulfide  be  passed  through  the  solution*  in  benzene 
a  precipitate  consisting  of  mercuric  sulfide  and  mercmy  is  produced. 
Ammonitmi  hydroxide  itomediately  decomposes  mercurous  trichloro- 
acetate.  Toward  heating  it  is  very  stable  and  volatilizes  at  tempera- 
tures over  200°  with  very  little  decomposition. 

HgiCCHsClCOs)). — ^The  mercurous  salt  was  prepared  by  pouring  a  solu- 
tion of  the  acid  into  a  freshly  prepared  solution  of  mercurous  nitrate  con- 
taining enough  nitric  acid  to  prevent  hydrolysis.  A  snow-white  pre- 
cipitate fell  down  which,  when  dry,  consisted  of  a  fluffy  mass  of  small 
needles. 

Calc.  for  Hg8(CHjClCOj)8:  Hg,  68.12.     Found:  68.36. 

This  salt  is  but  slightly  soluble  in  water  and  insoluble  in  alcohol,  ether, 
ethyl  acetate  and  acetone.  When  treated  with  ammonium  hydroxide 
it  is  completely  decomposed  in  a  manner  analogous  to  other  mercurous 
salts.  When  heated  in  the  presence  of  water  vapor  it  is  quite  unstable 
and  darkens  readily.  If  heated  dry  it  does  not  change  much  below 
180**,  at  which  point  it  melts  with  some  decomposition,  a  white  powder 
subliming  in  the  tube  and  a  black  residue  being  left. 

Hg2(CH2BrCOs)2« — Mercurous  monobromoacetate  was  prepared  in 
the  same  way  as  the  other  mercurous  salts.  It  is  an  amorphous,  white 
powder  only  slightly  soluble  in  water.  In  alcohol,  ether,  acetone,  ethyl 
acetate  and  benzene  it  is  insoluble.  When  heated  it  begins  to  darken  at 
145**,  becomes  yellow — due  to  liberated  bromine — and  sublimes  without 
melting.  The  usual  behavior  of  mercurous  compounds  with  ammonia 
is  shown  by  this  salt. 

Calc.  for  Hgs(CHtBrCO»)s:  Hg,  59.18.     Found:  59.43. 
>  Jakrsb,  fori,  Chem.,  x87x»  550. 
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When  solutions  of  mercurous  nitrate  and  didiloroacetic  add  arefaroostit 
together  no  precipitation  occiu's;  even  after  standing,  no  salt  of  the  or* 
ganic  acid  acid  separates.  This  mercnrous  salt  then,  if  formed,  is'ancE^ 
ception  to  its  class  in  being  apparently  so  soluble. 

The  same  difficulty  was  met  when  the  mercuric  salt  of  dichloroQceli 
acid  was  sought  by  bringing  the  acid  and  mercuric  oxide  together  as  ii 
the  case  of  trichloroacetic  add.  The  compound  obtained  was  always  I 
mixture  -of  mercurous  and  mercuric  salts.  The  dichloro  add  is,  howen^ 
more  stable  in  this  respect  than  its  trichloro  relative. 

Summary. 

1.  In  the  two  papers  of  this  series  the  preparation,  analysis,  descri 
and  properties  of  about  twenty-five  salts  of  monochloro,  dichloro,  tri 
and  monobromo  acetic  acids  are  discussed.     No,  or  very  scanty,  iiif< 
tion  concerning  these  appears  to  be  in  the  literature. 

2.  The  action  of  the  copper  salts  of  the  above  adds  on  phenylh 
is  found  to  be  complex,  strong  reduction  taking  place  with  the  f 
of  cuprous  hahdes,  phenylhydrazine  salts  of  the  halogeno  acnds, 
salts  of  the  same,  diphenylamine  derivatives,  chlorobenzene  and 
products  depending  upon  conditions. 

3.  The  series  of  copper  chloroacetates  is  compared  with  copper 

4.  Some  of  the  merctuy  salts  of  the  above  adds  are  found  in 
Mercurous  dichloroacetate  appears  to  be  very  soluble  in  water  while 
curous  tridiloroacetate  is  very  soluble  in  all  the  ordinary  organic  soh' 

5.  A  number  of  reactions  of  some  of  these  salts  in  such  nonaq 
solvents  as  ethyl  acetate  and  benzene  are  described. 

Mi880Ui,A,  Montana. 
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It  has  been  shown  by  Frankforter  and  Kritchevsky*  that  all 
chloride  not  only  acts  as  a  catalyst  according  to  the  well-known 
Crafts  reaction,  but  also  as  a  dehydrating  reagent,  removing  a 
of  water  according  to  the  common  condensation  reaction.  In  a 
cases,  however,  they  found  that  it  gave  the  aldol  reaction  when  the 
gen  aldehydes,  namely  chloral  and  bromal,  were  brought  in  contact 
other  reacting  constituents.  Thus,  when  methyl  phenyl  ether  is 
with  chloral  in  the  presence  of  aluminium  chloride,  the  following 
quantitative  reaction  takes  place  if  the  temperature  is  kept  low 

*  Bull.  2,  Chemical  Studies,  University  of  Minnesota. 
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2C«H60CHs  +  OCH  —  ecu  +  AICI3  = 

(C6H40CH,),CHCCl3  +  H,0  +  AlCl,; 

but,  when  anthracene  is  treated  with  chloral  in  the  presence  of  aluminium 
chloride,  the  aldol  reaction  takes  place  according  to  the  following  equa- 
tion: 

CuHio  +  CHO  —  CCI3  +  AICI3  =  CuHgCHOH  —  CCI3  +  AICI3 

In  a  very  few  cases  aluminium  chloride  was  found  to  combii^e  directly 
with  the  reacting  components  forming  unstable  compounds. 

Following  out  the  line  of  work  mentioned  above  as  well  as  the  work 
of  Frankforter  and  Poppe,^  the  aliphatic  ethers  were  treated  with  chloral 
in  the  presence  of  aluminium  chloride  and  finally  with  the  chloride  alone. 
It  was  soon  found  that  the  reaction  with  the  aliphatic  ethers  does  not 
proceed  along  the  same  lines  as  observed  in  the  aromatic  ethers.  How- 
ever, the  reaction  proved  to  be  of  considerable  interest,  although  it  was 
extremely  complex. 

The  first  experiments  were  tried  with  common  ethyl  ether  and  chloral 
in  the  presence  of  aluminium  chloride.  Although  the  conditions  were 
widely  varied,  the  reaction  seemed  extremely  complex  in  each  case  and 
no  compounds  analogous  to  those  obtained  from  the  aromatic  ethers  were 
formed,  but  when  commercial  ether  was  used,  a  heavy,  white,  flocculent 
precipitate  was  formed.  The  formation  of  this  precipitate  which  was 
subsequently  found  to  be  due  to  moisture  in  the  ether  was  used  as  a  basis 
for  a  qualitative  test  for  water  in  ether. 

It  was  thought  that  the  complex  reaction  was  due,  partly  at  least,  to 
reactions  between  two  of  the  constituents,  namely,  aluminium  chloride 
and  chloral,  or  aluminium  chloride  and  ether.  Thus  Combes*  found 
that  chloral  and  aluminium  chloride  react  on  each  other,  forming  tetra- 
chlorethylene  and  a  polymerized  form  of  chloral  which  he  called  per- 
chloral.  We  were  unable  to  obtain  this  compound.  In  fact,  we  were 
unable  to  identify  any  of  the  compounds  formed  in  this  experiment. 

The  experiments  which  follow  were  carried  out  with  perfectly  dry  ether, 
inasmuch  as  we  found  that  water  in  the  ether  completely  changed  the  re- 
action. In  order  to  eliminate  any  possibility  of  moisture  during  the 
reaction,  a  flask  was  fitted  with  a  two-hole  stopper,  one  hole  connected 
with  a  calcium  chloride  drying  tube  and  the  other  carrying  a  thermometer 
in  order  to  observe  the  temperature.  The  mixtiu'e  of  ether  and  chloral 
was  placed  in  the  flask  and  cooled  down  to  0°,  then  powdered  aluminium 
chloride  was  added  in  5  g.  portions.  A  large  amount  of  heat  was  genera- 
ted notwithstanding  the  fact  that  the  flask  was  kept  in  ice-water.  At 
the  same  time  a  small  amount  of  hydrochloric  acid  was  liberated  and 

^  8th  Intern.  Congr.  AppL  Chem.,  25,  363  (1910). 
*  Ann.  Chem.,  [6]  12,  3.  199  (1887). 
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escaped  through  the  drying  tube.  Aluminium  chloride  was  added  until 
the  ether  was  saturated  and  a  small  quantity  of  solid  chloride  was  left 
in  the  bottom  of  the  flask.  We  were  imable  to  prove  that  the  hydnh 
chloric  acid  gas  liberated  was  not  due  to  the  action  of  moisture  00  tk 
chloride. 

It  required  about  an  hour  to  add  the  chloride.    At  the  end  of  ibit 
time  the  solution  had  changed  from  a  perfectly  colorless  to  a  straw  yelki*; 
After  standing  in  ice-water  for  two  hours,  the  flask  was  removed  and 
temperature  allowed  to  slowly  rise  to  room  temperature.    The 
changed  with  the  rise  in  temperature  until  at  22^  it  was  a  reddish 
The  mixture  was  then  allowed  to  stand  over  night  at  a  temperature 
o^.     In  the  morning  the  whole  mass  had  changed  to  a  light  brown  j 
It  turned  darker  on  standing  at  room  temperature.     Treated  with 
a  large  amoimt  of  heat  was  liberated  and  the  substance  separated 
as  a  thick,  dark  brown  mass.    This  was  subjected  to  steam  distilla^ 
when  several  substances  were  obtained,  but  the  quantities  were  too 
to  permit  a  careftd  examination.     During  the  distillation,  there  was 
distinct  odor  of  ether.    The  viscous  insoluble  material  remaining  iu 
flask  after  the  steam  distillation  was  filtered  off  and  examined.     It 
dissolved  in  ether  and  filtered.    There  remained  an  undissolved  geia 
substance  which  subsequently  was  found  to  be  a  simple  aluminitmi 
pound. 

The  ether  extract,  which  carried  practically  all  of  the  organic  subs 
left  upon  evaporation  a  dark  brown  resinous  mass.      It   was  dis 
under  diminished  pressure.     At  52°  and  22  mm.  pressure,  crystals  f 
in  the  condenser,  evidently  chloral  hydrate;  at  62-80**  and  the  same 
siu-e,  a  small  amount  of  liquid  passed  over,  then  the  temperature  rai 
rose  to  125**,  when  a  very  small  quantity  of  a  liquid  passed  over,  but 
quantity  was  too  small  for  exhaustive  examination.     The  residue 
the  flask  was  of  a  dark' brown  color  and  appeared  charred-     With 
hope  of  obtaining  more  satisfactory  results,  the  above  experiment 
repeated,  except  that  the  temperature  was  kept  at  — 8^  instead  of 
The  same  reaction  seemed  to  take  place  although  the  results  obtain< 
distillation  in  vacuo  were  somewhat  different.     A  small  quantity  of 
passed  over  at  100**,  together  with  a  large  amount  of  hydrochloric 
The  oil  was  fqund  to  react  vigorously  with  water,  and  is  evidently 
ganic  compound  of  aluminium  chloride.     Crystals  passed   off 
1 10  and  1 35  **.    They  were  removed,  pressed  between  filter  paper  and 
dried  in  a  desiccator  over  sulfuric  acid.    They  melted  at  22—24®  ^^ 
readily  decomposed  in  the  air,  changing  to  a  liquid.     The  quan 
substance,  however,  was  not  sufficient  for  an  exhaustive    exami 
They  were  doubtless  the  compound  of  aluminium  chloride  and  e 
be  described  later.    The  residue  left  in  the  flask  was  insoluble  m 
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It  was  partially  soluble  in  water  with  'evolution  of  heat  and  a  peculiar 
disagreeable  odor.  An  exhaustive  examination  of  the  residue  failed  to 
yield  a  definite  compoimd. 

The  Action  of  Aluminium  Chloride  on  Ether. — It  was  observed  early 
in  the  above  experiments  that  aluminium  chloride  combined  readily 
with  ether,  producing  a  well  crystallized  compound.  Absolute  ether 
was  therefore  treated  with  equal  weight  of  anhydrous  aluminium  chloride 
at  a  low  temperature.  The  solution  immediately  changed  to  a  dark 
purple  and  much  heat  was  liberated.  The  mixtiu"e  was  kept  at  — 15** 
over  night.  In  the  morning  the  whole  was  a  solid  mass  of  well  defined 
crystals.  These  crystals  were  found  to  dissolve  when  the  room  tem- 
perature was  reached,  but  reformed  on  cooling.  They  were  fotmd  to  re- 
act violently  with  water. 

In  going  over  the  literature  it  was  fotmd  that  various  salts  of  ether 
had  been  prepared.  Thus  titanium  chloride^  was  found  to  combine 
with  ether  and  to  form  a  double  salt.  Tin,  bismuth,  zinc,  arsenic  and 
antimony  chlorides  and  bromides*  form  double  salts  with  ether,  repre- 
senting the  general  formula, 

SnCl4.C4HioO    and    SbBrj.CiHioO. 

Boeseken,'  in  his  work  on  aluminium  chloride,  prepared  an  acetyl  double 
salt  by  treating  acetyl  chloride  dissolved  in  carbon  disulfide  with  aluminium 
chloride,  to  which  he  gave  the  formula 

AlCla.CHsCOCl. 

Plotnikov^  described  a  double  salt  of  ether  and  aluminium  bromide  to 
which  he  gave  the  formula 

AlBr3.(C4HioO) 

and  Walker  and  Spencer*  in  a  study  of  the  action  of  aluminium  chloride 
on  organic  compounds  containing  oxygen  incidentally  studied  the  reac- 
tion between  ethyl  ether  and  aluminium  chloride.  They  dissolved  the 
organic  substance  in  carbon  disulfide  and  then  added  the  aluminium 
chloride.  Evaporating  off  the  solvent  by  a  current  of  dry  air,  they  ob- 
tained large  brown  plates.  They  obtained  by  analysis  13.93%  of  Al 
for  the  compound  to  which  they  ascribed  the  formula 

Al2Cl«.2C4H,oO. 

The  theoretical  for  Al  is  13.01%. 

Inasmuch  as  the  reaction  between  ether  and  aluminium  chloride^  and 
especially  the  compound  mentioned  above,  has  not  been  carefull}f  ^twJkd, 

*  Bull.  soc.  Mm.,  ^,  566  (1880). 

*  /.  Pharm.,  (3]  26,  161  and  J.  prakt.  chcm.,  83,  259  (i86i). 

*  Rec.  Iran,  chim.,  10,  102  (1901). 

*  Z.  anorg.  Chem.,  56,  53  (1907). 

*  /.  Chem.  Sqc.,  85,  xiq6  (1904), 
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escaped  through  the  drying  tube.    Alumimuin  chloride  was  added  1 
the  ether  waE  saturated  and  a  small  quantity  of  solid  chloride 
in  the  bottom  of  the  flask.    We  were  unable  to  prove  that  the  f  ^ 
chloric  acid  gas  liberated  was  not  due  to  the  action  <A 
chloride. 

It  required  about  an  hour  to  add  the  chloride.    At  the  enl  j-^i, 
time  the  solution  had  changed  from  a  perfectly  colorless  to  a  st»  :^^ 
After  standing  in  ice-weter  for  two  bours,  the  flask  was  remoKw^ 
temperature  allowed   to  slowly  rise   to  room  temperature,  tj  i 
changed  with  the  rise  in  temperature  until  at  32°  it  was  a  redtr  ^ 
The  mixture  was  then  allowed  to  stand  over  night  at  a  te^  j*^!^ 
o".     In  the  mining  the  whole  mass  had  changed  toali^ik^^*^ 
It  turned  darker  on  standing  at  room  temperature.    Treatt  ^'  ^ 
a  large  amount  of  heat  was  hberated  and  the  substance  t;i.  . 
as  a  thi^,  dark  brown  mass.     This  was  subjected  to  st^    T''^^ 
when  several  substances  were  obtained,  but  the  quantities'  ^  "^ 
to  permit  a  careful  examination.     During  the  dtstillatii^       ~  ^ 
distinct  odor  of  ether.     The  viscous  insoluble  material  I  ^..^  ^^ 
flask  after  the  steam  distillation  was  filtered  off  and  es^.^^ 
dissolved  in  ether  and  filtered.    There  remained  an  undif  ~~   - 
substance  which  subsequently  was  found  to  be  a  sim|^  " 
pound.  .  ■^"' 

The  ether  extract,  which  carried  practically  all  of  the  '^ 
left  upon  evaporation  a  dark  brown  resinous  mas^ 
under  diminished  pressure.     At  52°  and  2a  mm.  pres»- 
in  the  condenser,  evidently  chloral  hydrate;  at  62-80*-^ 
sure,  a  small  amount  of  Uquid  passed  over,  then  the 
rose  to  125°,  when  a  very  small  quantity  of  a  liquid' 
quantity  was  too  small  for  exhaustive  examination.  . 
the  flask  was  of  a  dark'  brown  color  and  appeare* 
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detection  of  water  in  ether,  and  that  the  test  which  we  propose  is  by  far 
the  most  delicate,  convenient,  and  practical  of  any  now  in  use. 

The  procedure  fotmd  to  be  best  is  given  below.  Five  to  ten  cubic  centi- 
meters of  the  ether  to  be  tested  are  placed  in  a  dry  test  tube  and  the  tube 
closed  with  a  rubber  stopper.  This  is  then  cooled  to  about  10®  by  ice 
or  running  water,  a  piece  of  fresh  anhydrous  aluminium  chloride  of  the 
size  of  a  kernel  of  wheat  dropped  in,  the  tube  again  stoppered  and  ob- 
served with  a  black  backgrotmd.  As  the  ether  warms  to  room  tempera- 
ture, a  reaction  takes  place,  evidenced  by  the  formation  of  small  bubbiei: 
which  rise  to  the  top  of  the  liquid  carrying  with  them,  in  the  presence  d 
water,  a  delicate  white  cloud  which,  if  present  in  large  enough  amoimt, 
will  spread  out  as  a  milky  layer  near  the  top  of  the  ether. 

The  density  of  the  cloud,  of  course,  depends  upon  the  amount  of  water 
presents  If  there  is  an  appreciable  amount  present,  the  precipitate 
remains  permanent  on  shaking.  This  cloud,  if  present  in  small  amotint» 
is  soluble  or  coagulated  if  too  much  aluminium  chloride  is  present,  if  the 
solution  is  agitated,  and  thirdly,  if  the  reaction  is  allowed  to  proceed  at 
too  rapid  a  rate. 

The  test  is  rendered  obscure  by  the  presence  of  alcohol  in  oompan- 
tively  large  amounts;  thus,  7%  of  absolute  alcohol  will  cover  up  te 
tests  entirely,  while  5%  does  not.  Alcohol  present  in  ether  in  this  amaaA 
can  readily  be  detected  by  the  hydrogen  evolved  upon  the  addition  ol| 
metallic  sodium.  Moisttu'e  of  the  air  does  not  affect  it,  as  the  exposure  tit^ 
air  is  very  short.  Ether,  direct  from  chemical  houses,  in  every  calscj 
shows  a  positive  test.  Ether  dried  over  calcium  chloride  always  grwJ 
a  positive  test.  Ether  which  had  been  allowed  to  stand  over  metaOie 
sodium,  refluxed  and  distilled  until  moisture  was  proven  abseirt  by 
above  test,  was  placed  in  a  glass  stoppered  bottle  which  was  o 
only  occasionally  and  allowed  to  stand  for  several  weeks.  It  gave 
the  end  of  this  time  a  positive  test.  This  proves  that  anhydrous  t 
like  practically  every  other  absolutely  dry  substance  is  hygroscopic. 

The  test  is  intended  to  prove  the  complete  dehydration  of  ether 
sodium  and  has  been  found  delicate  enough  to  detect  one  drop  of  waW 
in  500  cc.  of  ether  which  had  been  freshly  distilled  over  sodium. 

Conclusions. 

1.  No  definite  products  could  be  isolated  from  the  reaction  between 
chloral  and  ether  in  the  prCvSence  of  aluminiimi  chloride. 

2.  The  compound,  Al2Clf.2C4HioO,  an  addition  product  of  ethyl  cttaf 
and  aluminium  chloride,  has  been  prepared  and  its  physical  and  chemicdl 
properties  studied. 

3.  The  addition  product  of  aluminium  chloride  and  normal  frofj/i 
ether,  analogous  to  the  ethyl  ether  compound,  has  been  prepared  and  dfr 
scribed  for  the  first  time. 
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4.  A  new  qualitative  test  for  water  in  ether  has  been  proposed  and  is 
thought  to  be  very  satisfactory  and  quickly  made. 

MZNltSAPOLlS.    MiMN.  

[CONnUBUTlON  I^OM  THB  SCHOOL  09  ChBMXSTRY,   UmVURSTtY  OF  MmNBSOTA.] 

VERATRINE  AND  SOME  OF  ITS  DERIVATIVES,    n. 

By  Gbo.  B.  Pkanxvortsk  and  W.  Kkitchsvsky. 
Rflcdred  August  23.  1915. 

The  alkaloid  known  as  veratrine,  or  oevadine,  as  it  has  recently  been 
named,  has  been  studied  by  one  of  us  several  years  ago.^  A  number  of 
derivatives  were  studied  in  order  to  determine  the  constitution  of  the 
alkaloid. 

Among  other  derivatives,  a  chloralhydro-veratrine  was  prepared  from 
chloral  and  veratrine.  As  chloral  and  veratrine  are  of  great  importance 
physiologically,  it  was  thought  that  a  condensation  product  of  the  two 
substances  might  be  interesting  pharmacologically.  We  therefore  de- 
cided to  take  up  the  study  of  that  compound  again  in  order  to  determine 
the  true  nature  of  the  chemical  reaction  between  the  two  substances.  It 
was  obvious  that  if  the  reaction  is  a  true  condensation  reaction,  the  new 
compound  formed  would  possess  properties  entirely  different  from  either 
of  the  components.  It  would  therefore  quite  likely  have  different  physio- 
logical properties.  If,  on  the  contrary,  the  substance  proved  to  be  an 
additive  product,  then  its  physiological  properties  would  be  the  result 
of  one  or  both  of  the  reacting  constituents. 

Compounds  of  cevadine  and  cevine  with  chloral  and  bromal  were 
therefore  prepared  by  the  following  general  method: 

The  alkaloid  was  dissolved  in  carbon  disulfide  and  the  necessary  amount 
of  chloral  added.  A  precipitate  formed  at  once  and  the  reacting  mix- 
ture became  warm.  After  the  reaction  had  ceased  and  the  solution 
cooled  to  room  temperature,  cold  ether  was  added  and  the  precipitate 
filtered  oflF.  It  was  washed  with  ether  several  times,  dried  and  analyzed. 
Neither  the  analysis  nor  the  molecular  weight  determination  proves 
conclusively  that  the  new  compound  formed  was  either  a  condensation 
or  an  additive  product.  When  heated  in  a  drying  oven  at  a  tempera- 
ture of  130-140**  for  several  hours  it  was  found  that  the  compoimds 
lost  weight  and  did  not  contain  either  chlorine  or  bromine.  A  qualita- 
tive study  proved  that  the  loss  was  equal  to  the  percentage  of  the  alde- 
hyde originally  present.  This  shows  conclusively  that  the  new  com- 
pounds are  simple  additive  products.  We  have  not  been  able  to  find 
any  definite  ratio  between  the  chloral  and  the  alkaloid.  We  found  that 
by  varying  the  conditions,  namely,  the  quantity  of  aldehyde,  we  were 
able  to  change  the  ratio  between  the  reacting  components  which  enter 
the  new  molecule. 

*  Am.  Chem,  /.,  ao,  358, 
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On  the  other  hand,  we  found  that  the  halogen  aldehydes  combiiie 
with  practically  all  of  the  alkaloids  soluble  in  carbon  disulfide,  forming 
additive  products  insoluble  in  ether.  This  reaction  may  be  used,  thert- 
fore,  as  a  class  reaction  for  alkaloids. 

Experimental  Part. 

Cevadhie-Chloraly  2C32H49NO9.CCI3CHO. — One  part  of  cevadine  was 
dissolved  in  ten  of  carbon  disulfide  and  one  part  of  chloral  added.  Very 
little  heat  was  formed.  The  reaction  seemed  to  be  complete  in  half  an 
hour.  Ether  was  added,  when  a  white,  amorphous  substance  was  pit- 
dpitated.  It  was  washed  several  times  with  ether  and  dried;  m.  p.  220*. 
Calc.  for  2CaH49NOi.CCUCHO:  CI,  7.98;  N,  2.11.     Pound  CI,  8.12;  N,  2.32. 

The  substance  was  dried  at  a  temperature  of  130-140**,  until  the  con- 
stant weight  was  reached.  The  loss  amounts  to  10.88%  of  the  (x^inai 
weight  of  the  substance.  The  percentage  of  chloral  in  the  substance 
is  1 1 .  06%.  The  remaining  resinous  substance  shows  all  the  properties 
of  cevadine.  A  quantitative  determination  failed  to  give  an  appreda* 
ble  amount  of  chlorine. 

Cevadine-Chioral,    2CJ2H49NO9.3CCUCHO.— One    part    of    cevadine 

was  dissolved  in  five  of  carbon  disulfide  and  10  parts  of  chloral  added. 

A  white  precipitate  was  formed  at  once.     It  was  filtered,  washed  witk 

ether  in  order  to  remove  the  excess  of  chloral,  and  dried;  m.  p.  209**. 

Calc.  for  2C32H41NO9.3CCI8CHO:  CI,  19.59;  N,  1.73.    Found:  Q,  19.50;  N.  1.S5. 
Loss  on  drying  at  130-140®,  26.95;  chloral,  27.20. 

Cevine-Chloral,  C27H43NO8.CCI8CHO.— One  part  of  cevine  was  dis^ 
solved  in  five  of  carbon  distdfide  and  25  parts  of  chloral  added.  Tbij 
white  precipitate  formed  was  filtered,  washed  with  ether  to  remove  thej 
excess  of  chloral,  and  dried;  m.  p.  206-208^.  Analyses  gave  the  foDov^ 
ing: 

Calc.  for  Ct7H«NO|.3CCUCHO:  Q,  3347;  N,  1.47.    Pound:  CI,  3368;  N.  i.6i. 

Loss  on  drying  at  1 30-140  ^  46.30;  chloral,  46.41. 

Cevadine-Bromal,  2CttH49N09.CBrtCHO.-— One  part  <rf  cevadine 
dissolved  in  ten  of  carbon  disulfide  and  five  molecules  of  bromal  addoL 
The  precipitate  formed  in  the  process  was  filtered,  washed  with  ether 
and  dried.  The  precipitate  was  a  bright  yellow  powder  with  a  m.  ]k 
of  162°. 

Calc.  for  2CnH4»N09.CBrsCHO:  Br,  16.30;  N,  1.91.     Pound:  Br,  16.50;  N.  2J0f7* 
Loss  on  drying,  19.29;  bromal,  19.58. 

Cevine-Bromaly  2C27H4sN08.CBr«CHO. — One  molecule  of  cevine  wm 

dissolved  in  ten  volumes  of  carbon  disulfide  and  five  molecules  erf  brood 

added.    The  precipitate  was  filtered,  washed  and  dried.    The  substanoe 

is  a  bright  yellow  powder  with  a  m.  p.  106®. 

Calc.  for  C27HaNOt.CBr.CHO:  Br,  18.47;  N,  2.16.    Found:  Br,  18.21;  N,  2J^ 
Loss  on  drying,  21.45;  bromal,  21.63. 
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The  action  of  chloral  oa  alkaloids  in  general. — When  an  alkaloid  is 
dissolved  in  carbon  disulfide  and  chloral  or  bromal  added  to  it,  a  precipi- 
tate is  formed  which  is  insoluble  in  ether.  This  is  true  of  every  alkaloid 
soluble  in  carbon  disulfide  which  we  have  studied.  The  powder  formed 
is  an  additive  compound  of  the  alkaloid  and  the  aldehyde. 

The  following  alkaloids  were  studied:  Cevadine,  cevinei  nicotine, 
codeine,  brudne,  strychnine,  cocaine,  conine,  chinchonine  and  papaverine. 
In  every  case  the  precipitate  formed  was  insoluble  in  ether. 

MiNNBApous,  Minn. 
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TRIPHEITYLMETHYL.    XXIV.    THE  ADDITIVE  COMPOUNDS  OP 
TRIP£[ENTLMETHYL  AND  SOME  SATURATED  HYDRO- 
CARBONS. 

By   M.   001I9B1I6  AND   C.   S.   SCKOBPTUS. 

Received  August  26,  1915. 

The  unsaturated  character  of  triphenylmethyl  is  strikingly  illustrated 
by  its  tendency  to  unite  spontaneously  with  compounds  of  various  types. 
In  fact,  it  is  rather  difficult  to  find  solvents  from  which  triphenylmethyl 
crystallizes  without  taking  up  solvent  of  crystallization.  Triphenyl- 
methyl has  been  found  to  unite  in  this  manner  with  ethers,  esters,  ketones, 
aldehydes,  and  nitriles;  with  olefines  and  with  aromatic  hydrocarbons; 
with  carbon  disulfide,  with  chloroform,  etc.^ 

The  trivalency  of  carbon  in  triphenylmethyl  is  sufficient  in  itself  to  ac- 
count for  the  additive  tendencies  of  the  free  radical.  On  the  other  hand, 
it  seems  rather  difficult  to  find  a  plausible  explanation  in  terms  of  graphic 
formulas  for  the  additive  compounds  thus  produced.  In  the  esters, 
ketones,  and  aldehydes,  we  have  the  double  linking  C  =  O ;  in  carbon 
disulfide,  the  corresponding  C  =  S;  while  in  the  aromatic  hydrocarbons 
and  in  the  olefines,  we  have  the  grouping  C  =  C.  But  it  seems  hardly 
probable  that  in  all  these  instances  triphenylmethyl  adds  itself  in  virtue 
of  the  double  bond  in  the  various  compounds.  If  this  were  the  case, 
we  should  expect  the  addition  to  result  in  fairly  stable  substances,  as  for 
example,  in  the  addition  of  the  Grignard  reagent  to  aldehydes,  ketones, 

esters,  etc. 

>C— O  >C— S  >C— C< 


•CR«  CR3  CRj  CTU  CR3  CR» 

But  aS  a  matter  of  fact,  the  addition  compounds  in  the  triphenylmethyl 
series  are  extremely  unstable,  dissociating  readily  at  temperatures  of 
50-100**,  into  the  original  components!     Indeed,  the  stability  of  these  addi- 
tive compounds  is  apparently  no  greater  than  that  of  the  additive  com- 
'  This  Joijrnal,  36,  1 147  (1914). 
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binations  that  result  from  triphenylmethyl  with  ethylene  oxide,  with 
ethers,  with  chloroform,  all  of  which  contain  no  double  bond  of  any  loud 
whatsoever. 

An  explanation  in  terms  of  the  valence  hypothesis  for  the  existence 
of  all  the  various  additive  compounds  might  still  be  had,  if  we  are  willing 
to  assume  that  the  oxygen,  the  sulfur,  or  the  chlorine  atom,  as  the  case 
may  be,  functions  as  having  acquired  a  higher  valence  state  than  it  ordi- 
narily possesses.  Sulfur  and  chlorine  are  known,  of  course,  to  be  endowol 
with  the  capacity  of  variable  valence,  and  of  late,  although  the  proof  is 
far  from  satisfactory,  it  has  become  customary  to  consider  that  oxygen, 
too,  can  acquire  a  higher  than  its  usual  valence  state. 

R\     yCRt  yCRi  R'v  yCR* 

yo(^        ;  HCUaBC-^CK^        ;  ^  -  C\       . 

R''^     x:r,  x:r4         r'ck  x». 

While  such  an  explanation  might  perhaps  account  for  the  addition  of  tri- 
phenylmethyl to  ethers,  esters,  etc.,^  the  question  still  remains  unanswered 
as  to  the  mechanism  of  the  addition  of  the  free  radical  to  the  olefines. 

The  problem  of  finding  a  satisfactory  explanation  in  terms  of  the  valence 
hypothesis  that  would  account  for  Ihe  existence  and  the  nature  of  all 
of  these  additive  compounds  becomes  still  more  puzzling  when  we  take 
into  consideration  the  rather  unusual  circumstance  that  triphenylmethyi 
unites  with  completely  saturated  hydrocarbons.  In  a  previous  paper* 
it  has  been  shown  that  such  additive  compounds  are  probably  formed. 
But  since  the  hydrocarbons  employed  in  those  experiments  consisted 
merely  of  purified  samples  of  petroleum  ethers,  the  alternative  was  not 
entirely  excluded,  that  these  hydrocarbons  might  have  still  retained  t 
small  amotmt  of  some  member  of  the  olefine  series.  Because  of  the 
theoretical  interest  attached  to  this  phase  of  the  unsaturated  character 
of  triphenylmethyl,  we  have  repeated  the  experiments,  employing  this 
time  individual  paraffins  of  natural  origin  which  were  most  carefuDr 
purified  and  fractionated,  and  also  some  synthetic  aliphatic  and  aficydic 
hydrocarbons. 

The  Hydrocarbons. — ^The  hexane  and  heptane  used  were  pure  products 
obtained  from  petroleum,  obtained  from  a  well-known  firm.  They  were 
further  purified  by  shaking  with  concentrated  sulfuric  add  for  ten  hotns» 
with  concentrated  nitric  acid  for  ten  hours,  and  with  alkaline  permanganate 
for  six  hours,  after  which  they  were  dried  and  fractionated.  The  octane 
(normal)  and  the  decane  (di-isoamyl)  were  synthetic  products,  but  non^ 
theless,  these  were  also  shaken  with  concentrated  sulfuric  add  before 
fractionation.  The  cydohejcane  and  methylcylochexane  were  carefuOy 
distilled  before  using.    After  this  treatment,  all  the  hydroc8rb0P§  W*' 

1  Tma  Journal,  as,  501  (1901). 

»  Ber.,  38,  1338  (1905). 


TREPHSNYUCSTHYL.   *  XXIV.  257 1 

ioned  above  were  found  to  be  free  from  olefines  or  other  similar  reducing 
constituents. 

The  Additive  Compounds. — The  triphenyhnethyl  was  prepared  for 
iiese  experiments  by  the  action  of  metallic  mercury  upon  triphenylchlcMro- 
methane,  with  the  addition  of  a  small  amount  of  powdered  lead,  which 
j;reatly  facilitates  the  settling  of  the  finely  divided  merctvous  chloride 
'ormed  during  the  reaction.  Ten  grams  of  the  chloride,  10  g.  of  mercury, 
md  about  0.5  g.  of  lead  powder  are  placed  in  a  small  Drexel  bottle,  and 
mough  dry  benzene,  about  75  cc,  is  added  to  almost  fill  the  bottle.  The 
stopper  is  removed  and  the  bottle  is  provided  with  a  well  fitting  cork, 
x>vered  with  parchment  paper  in  such  a  manner  that  none  of  the  paper 
projects  beyond  the  neck  of  the  flask.  After  several  horn's'  shaking,  the 
reaction  is  complete.  The  mercury  is  now  allowed  to  settle,  the  cork  re- 
moved, and  there  is  rapidly  inserted  the  glass  connection  which  permits 
the  syphoning  off  o(  the  clear  liquid  into  the  apparatus,  which  has  been 
described  in  a  previous  paper.'  The  benzene  is  distilled  under  reduced 
pressure,  and  the  product  recrystaUized  from  hot  acetone.  The  solvent 
is  drawn  off  and  the  beautifully  crystalline  triphenyhnethyl  is  washed, 
and  then  dried  in  a  stream  of  carbon  dioxide  and  finally  in  vacuum,  the 
crystals  remaining  all  the  while  in  the  same  apparatus. 

The  triphenylmethyl  prepared  in  the  above  manner  was  converted  into 
the  various  additive  compounds  as  follows:    About  60  cc.  of  the  saturated 
hydrocarbon  intended  for  combination  were  added  and  heated  as  high 
as  its  boiling  point  would  permit.    The  hot  solution  was  then  filtered 
off  from  the  undissolved  triphenylmethyl  into  a  second  similar  piece  of 
apparatus.    On  cooling,  the  additive  compound  separated  usually  in  al- 
most colorless  crystals.    The  mother  liquid  was  drawn  off  and  the  crys- 
tals were  dried  in  a  stream  of  carbon  dioxide,  and  finally  in  vacuum. 
In  the  case  of  the  higher  boiling  hydrocarbon  decane,  the  crystals  before 
being  dried  were  freed  from  the  adhering  mother  liquid  by  washing  with 
a  small  amount  of  low  boiling  petroleum  ether.    It  may  be  said  that  the 
solubility  of  triphenylmethyl  in  the  fatty  hydrocarbons  is  but  slight  at 
room  temperature,  decreasing,  apparently,  with  the  increase  of  the  molec- 
ular weight  of  the  hydrocarbon;  on  the  other  hand,  the  solubility  shows 
a  marked  increase  with  the  rise  of  temperature  of  the  solvent.    In  the 
alicydic  hydrocarbons  triphenylmethyl  is  more  soluble,  expecially  when 
the  solvent  is  hot. 

Dissociation  of  the  Additive  Compounds. — A  sample  of  the  additive 
derivative  was  weighed  out  in  a  porcelain  boat,  placed  into  a  glass  tube 
about  15  inches  long  and  heated  in  an  air  bath  at  80-1 10®  for  one  to  one 
and  a  half  hours,  a  slow  stream  of  dry  carbon  dioxide  being  passed  at  the 
same  time  through  the  tube.    In  the  case  of  the  additive  derivatives  with 

*  ^»  37i  2034  (1904). 
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hydrocarbons  possessing  a  high  boiling  point,  the  tube  was  also  connected 
with  a  suction  pump,  in  order  to  facilitate  the  vaporization  of  the  hydro- 
carbon. The  loss  in  weight  of  the  original  sample  represented  in  each 
case  the  amotmt  of  the  hydrocarbon  in  combination  with  triphenylmethyl. 
The  escaping  vapors  were  condensed  in  a  small  test  tube  surrounded 
by  a  freezing  mixttu'e,  and  the  distillate  was  exd^mined  for  its  identity 
with  the  solvent  originally  used  by  determining  its  boiling  point  and 
molecular  weight,  the  Schleiermacher  and  the  Bleier  and  Kohn  methods, 
respectively,  being  employed  for  that  piupose.  The  residue  in  the  boat 
was  identified  as  unchanged  triphenylmethyl  by  conversion  into  the  char- 
acteristic peroxide. 

Tabi.8  I. 


Wt.  of 

additive 
oompd. 

IxMS  on 
headflg. 

Low  as  per  cent. 

Boiling  points^ 
(uncorrected). 

DistU-       Original 
late.        Mleent. 

Iblolecttlar  wts. 

SolTent. 

Found. 

Cak. 
for 
{IUC]i.X. 

Calc. 
for 
B<C.X. 

Fooad 

for 

dist 

Calc. 
fororix. 
•olvcnt. 

Hexane 

0.8044 

0.0006 

0.1 

150 

26.1 

(66HS8) 

4   •   •    • 

86.1 

0.7262 

0.0022 

0.3 

•    •    •     ■ 

•    >    ■    • 

•    ••*•>• 

•    »   •    • 

0.9327 

0.00 1 1 

0.1 

•     ■     ■     • 

■    «    •    • 

•    •   •    • 

Heptane 

2.2246 

0.0259 

1.2 

17. 1 

29.2 

(94-96) 

■    •   •   • 

100. 1 

2.4x26 

O.OIOI 

0.4 

.... 

■    •    1    • 

•    •   •    • 

I.7153 

0.2534 

14.8 

•     «     •     • 

.... 

•    •   ■   • 

2.7338 

0.4244 

15.5 

«      ■     *     • 

•    ■    •    « 

95 

96.6 

I.9181 

0.2844 

X4.8 

•     •     •     • 

.,  -    •    • 

93 

97-4 

3.1208 

0.4558 

14.6 

•     •     •     • 

•    ■    •    • 

•    ■    • 

•   •   •   • 

I.5881 

0.2288 

X4.4 

•      ■     •      ■ 

a      •      •      • 

■    •    ■ 

■   •  ■   • 

Octane 

2.1688 

0.0409 

19 

X9.0 

32.0 

■    ■    • 

(x  22-124) 

•    ■   »   ■ 

XI4.I 

1.2609 

0.0185 

1.5 

■     •     ■     • 

■     •     a     • 

•    •    • 

•   •   •   ■ 

3.0028 

0.2768 

9.2 

*     •     *     ■ 

■     •     ■     • 

113 

1 14.2 

2.1992 

0.0140 

0.6 

«    •     •     • 

•     •     •     • 

•    «    • 

«   •  •  * 

1.8966 

0.0672 

3.5 

•     ■     •     • 

•     •     •     • 

119 

■   •  •  • 

3.3074 

0.1842 

5.6 

.... 

■     ■     •     ■ 

120 

1 14-5 

Decane 

0.8626 

0.0090 

I.O 

22.6 

36.9 

•    «    • 

(I54-J57) 

*   •   ■   » 

142.2 

0.8252 

0.0x31 

1.6 

■    •    •    • 

■     •     •     • 

•    •    • 

154 

•   ■  ■  * 

1.6046 

0.0095 

0.6 

«    •   •   ■ 

■     •     «      ■ 

a     •     k 

•  •   ■  p 

2.6980 

0.7500 

27.8 

•    ■    ■    • 

•      •     •      • 

153 

1 41. 9 

41539 

1.2310 

29.6 

.... 

•     «     ■     ■ 

153 

142.x 

2.0309 

0.7029 

34.6 

•    • 

•     •     ■     • 

154 

1443 

Cyclohexane  . 

•    •    «    ■ 

•    •    •    ■ 

»   ■   •   ■ 

■    •    «    • 

•     «     «     ■ 

•     •     • 

85.4 

56579 

0.8362 

14.8 

147 

25.7 

76.5 

(79-79.5) 

83.7 

84.1 

■    •    ■    • 

•   •   •    • 

•   ■   •  • 

•    •    •    • 

•     •     ■     • 

»    ■     • 

77 

84.6 

Methyl  cyclo- 

hexane  

4.6414 

0.7343 

15.8 

16.8 

28.7 

97.5 

(99-101) 

98.2 

98.1 

47550 

0.7200 

I5-I 

•    «    •    • 

•     •     •     • 

98 

98 

97-9 

^  The  figures  in  parentheses  indicate  the  range  of  temperature  at  which  the  whole 
of  the  liquid  distilled.  The  figures  not  in  parentheses  were  obtained  by  the  ScUdef- 
macher  method,  and  consequently  indicate  the  boiling  point  of  the  lowest  fraction  in  the 
sample. 
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It  was  also  found  that  the  condensed  distillate,  at  times,  reduced  a  solu- 
tion of  potassium  permangante,  but  only  in  those  cases  when  the  heating 
of  the  additive  compotmd  was  carried  out  at  loo**  or  above,  and  for  a 
considerable  length  of  time.  Undoubtedly,  this  reduction  is  due  to  some 
product  resulting  from  a  slight  decomposition  of  the  triphenylihethyl 
itself.  Moreover,  the  amount  of  the  reducing  substance  present  was 
always  slight,  and  seldom  constituted  more  than  about  i%  of  the  total 
distillate,  this  being  determined  by  comparison  with  samples  of  the  original 
solvent,  to  which  a  definite  amount  of  hexylene  had  been  added.  In 
order  to  make  still  more  certain  that  the  formation  of  the  additive  com- 
pound is  not  due  to  the  presence  of  a  small  amount  of  an  unsaturated 
hydrocarbon  in  the  solvents  used,  we  have  in  a  few  instances  crystallized 
triphenylmethyl  from  the  solvent  in  question,  and  then  used  the  filtrate 
for  a  second  and  a  third  crystallization  of  fresh  samples  of  triphenyl- 
methyl. But  the  additive  compounds  in  all  such  instances  proved  to 
be  identical. 

A  summary  of  the  results  obtained  is  given  in  Table  I . 

Discussion  of  the  Results. 

From  the  results  given  in  the  table  it  appears  that  the  formation  of 
an  additive  compound  is  conditioned  upon  several  factors.  The  fore- 
most factor  is,  undoubtedly,  the  temperature  at  which  the  compound 
dissociates  into  its  components;  the' second,  the  relative  solubility  of  tri- 
phenylmethyl in  the  hydrocarbon  in  question.  The  higher  the  tempera- 
ture of  dissociation,  the  more  likely  will  triphenylmethyl  crystallize  out 
on  cooling  its  solution  as  an  additive  compound.  On  the  other  hand, 
the  less  is  the  solubility  of  triphenylmethyl  in  the  particular  hydrocar- 
bon, the  more  apt  it  is  to  commence  to  crystallize  while  the  solution  is 
still  quite  hot.  The  result  under  these  circumstances  is  quite  likely 
to  be  unchanged  triphenylmethyl,  unless  perchance  the  solution,  ere 
crystallization  sets  in,  should  become  supercooled,  at  least  slightly  below 
the  dissociation  temperature  of  the  presumptive  additive  compound. 
If  the  latter  conditions  prevail,  the  additive  compound  will  be  formed. 

Thus,  with  hexane,  the  product  did  not  crystallize  out  imtil  the  solu- 
tion had  cooled  to  nearly  room  temperature;  but  the  dissociation  tem- 
peratiuie  is  evidently  still  lower,  so  that  no  additive  compound  resulted. 
Likewise,  with  heptane,  in  the  first  two  experiments  cited,  the  product 
crystallized  out  while  the  solution  was  still  quite  warm,  and  there  was 
no  additive  compound  present.  But  in  the  other  five  experiments  with 
the  same  solvent,  crystallization  did  not  occur  until  the  solution  had  cooled 
considerably,  and  the  product  consisted  almost  wholly  of  the  additive 
derivative.  With  octane,  due  to  the  decreased  solubility  of  triphenyl- 
methyl in  it,  the  product  invariably  commenced  separating  while  the  solu- 
tion was  very  hot,  and  we  did  not  succeed  in  inducing  supercooling.    In 
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consequence  thereof,  the  product  that  crystallized  out  consisted  dtlier 
wholly  of  unchanged  triphenylmethyl  or  of  triphenylmethyl  with  a  varia- 
ble admixtiu'e  of  its  additive  derivative. 

The  results  with  decane  deserve  particular  mention.  Here  again, 
as  with  octane,  it  is  possible  to  get  from  the  hot  solutions  unchanged  tri- 
phenylmethyl. But  in  several  instances  we  have  succeeded  in  obtaining 
the  true  additive  derivative.  This  additive  compound  with  decane 
differs,  however,  from  all  other  analogous  compounds  in  that  it  ccxisists, 
apparently,  of  the  monomolecular  triphenylmethyl  in  combination  with 
the  solvent.  Nor  are  we  without  an  adequate  explanation  for  this  un- 
usual behavior.  It  is  now  well  established  that  the  dimolecular  triphenyl- 
methyl— ^whatever  its  constitution  may  be — dissociates  with  the  rise  d 
temperature  of  the  solvent  into  the  monomolecular  free  radical,  so  that 
at  80^  the  dissociation  may  reach  as  high  as  25%.^  Decane  boils  at  about 
155^,  and  at  that  temperature  triphenylmethyl  must  be  monomdlecnlar 
to  a  very  large  extent.  Should  separation  of  the  solute  occur  at  a  tem- 
perature when  the  monomolecular  phase  predominates,  then  the  addi- 
tive compotmd  will  have  the  composition  RtC.CioHn,  provided,  of  course, 
that  the  high  temperature  at  which  this  crystallization  occurs  is  still 
favorable  for  the  formation  of  the  additive  derivative.  This,  evidently, 
is  what  happened  in  our  experiments.  It  will  be  noticed  in  some  of  our 
results,  that  the  percentage  of  the  additive  solvent  falls  short  of  that  cal- 
culated for  the  monomolecular,  but  is  nonetheless  too  high  for  the  di- 
molecular triphenylmethyl.  It  must  remain  tmdedded  whether  in  these 
cases  we  are  dealing  with  a  mixture  of  free  triphenylmethyl  and  its  addi* 
tive  compound,  RsC.CioHtt^  or  with  a  mixture  of  the  two  additive  com- 
potmds  RsCCioHtt  and  [RjCls.CioHss. 

Of  cotuse,  the  high  percentage  of  additive  solvent  might  be  explained 
by  aAQiiming  the  formation  of  the  additive  compound  [R«C]a(Ci«H8)s 
but  the  explanation  here  given  seems  to  us  preferable  to  this  alternative. 

With  cyclohexane  and  methylcyclohexane,  in  which  triphenylmethyl 
is  quite  soluble,  the  products  crystallized  at  comparatively  low  tempera- 
ttu'es,  and  the  additive  compounds  were  found  to  possess  the  normal 
composition. 

To  sum  up,  it  has  been  shown  in  this  paper  that  triphenylmethyl  actually 
possesses  the  capacity  to  form  additive  compounds  with  completely 
saturated  aliphatic  and  alicyclic  hydrocarbons.  Furthermore,  it  ^peais 
probable,  that  under  certain  conditions  the  monomolecular,  instead  of 
the  dimolecular,  modification  of  triphenylmethyl  enters  into  these  addi- 
tive derivatives.  No  explanation  based  upon  the  valence  hypothesis 
can  satisfactorily  account  for  the  existence  of  such  additive  compounds. 

Amm  Abbok.  Mich. 

^  Tms  Journal,  36,  1166  (1914). 
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(CotmUBOTION  PROM  TH«  ChSMICAI,  LaBORATOKY  OV  THB  UMIYBHStTYOF  MlCBIOA)^.] 

TRIPHBNTLMETHYL.    XXV.    PREPARATION  OF  /xHTDROXT^ 

TRIPHENYLCARBINOL  AND  ATTEMPTS  TO  ISOLATE 

THB  CORRESPONDING  TRIARYLMETHTL. 

By  M.  OoMBSKo  ANB  R.  h.  Jtcstnro. 
Reedved  Angust  26,  1915. 

L  Introdttctioii. 
It  has  been  shown  lately^  that  a  hydroxyl  group  in  the  triarylcarbinols, 
particularly  in  the  ^-position  to  the  centra]  carbon  atom,  increases 
greatly  the  tendency  of  the  compound  towards  tautomerization.  Tri- 
I^enylcarbinol  is  known  only  in  one,  the  colorless,  state;  its  ^-hydroxy 
derivative,  however,  has  been  obtained'  in  two  distinct  forms,  the  color- 
less and  the  colored,  separable  from  each  other  and  either  readily  change* 
able  into  the  other  merely  by  choice  of  suitable  solvent.  The  distinctive 
behavior  of  these  two  carbinols  is  best  explained,  as  has  been  shown,  by 
assigning  to  them  the  two  constitutions,  respectively 

^It        (C.H,)jC  «  <;  X        • 

OH  Ns==/^    XOH 

(I).  Colorless,  benzonoid.  (II).  Colored,  qilinonoid. 

The  significance  of  this  fact  is  evident.  The  existence  of  two  desmo- 
tropic  carbinols  in  equilibrium  with  each  other  implies,  of  itself,  the  theo- 
retically probable  existence  of  two  desmotropic  series  of  carbinol  salts, 
each  series  derivable  from  its  corresponding  carbinol.  Thus  the  hypo- 
thesis of  the  quinonoid  structure  of  the  colored  carbinol  salts,  deduced 
previously  wholly  from  the  behavior  of  these  salts  themselves,  receives 
strong  additional  support  in  the  existence  of  the  two  desmotropic  car- 
binols. 

In  view  of  the  marked  tautomerizing  influence  of  the  hydroxyl  groups 
in  the  carbinols  and  in  their  salts,  the  questions  naturally  arise:  What 
influence  would  a  ^-hydroxyl  group  in  triphenylmethyl  exert  as  regards 
the  tendency  of  the  free  radical  toward  tautomerization?  Would  ^-hy- 
droxytriphenylmethyl,  like  the  simple  triphen)rlmethyl,  exist  as  two 
forms  in  solution  only,  and  as  a  solid,  colorless?  Would  this  /^-hydroxyl- 
ated  free  radical  exist  even  as  a  solid  in  the  two  desmotropic  forms  (III) 
and  (IV),  as  in  the  case  with  the.  corresponding  carbinol?  Or  might  the 
quinoid  form  of  the  ^-hydroxytriphenylmethyl  be  the  only  one  obtain-^ 
able  in  the  solid  state? 

(c,Hi)cA:ai4(0H)    :^    (c«h,)«c  « /       X^  . 

(III).  (IV).  N=^    \ 

For  the  preparation  of  the  free  radical  ^-hydroxytriphenylcarbinol 

^  Gomberg  and  West,  Tms  Journal,  349  1533  (1912). 
'  Gomberg,  Ibid.,  35,  1035  (1913)* 
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must  serve  a^  the  starting  point.  The  methods  previously  used  to  pre- 
pare this  carbinol  are  both  tedious  and  extended.  A  far  simpler  syn- 
thesis has  been  devised  during  the  course  of  this  work,  and  since  this 
method  has  proved  to  be  efficacious  in  the  preparation  of  many  homd- 
ogous  and  analogous  hydroxy  derivatives*  a  detailed  study  of  the  same 
has  been  tmdertaken. 

n.  The  Reaction  between  Benzophenone  Chloride  and  PhenoL 

In  an  unsuccessful  attempt  to  prepare  diphenoxydiphenylmethane  (V) 
by  the  reaction  of  sodium  phenoxide  on  benzophenone  chloride,  Mackenzie^ 
obtained  instead  di-/7-hydroxytetraphenylmethane  (VI).  He  also  noticed 
that  the  same  product  resulted  from  the  direct  action  of  phenol  itself  on 
benzophenone  chloride.  Through  use  of  an  analogous  reaction,  Smed- 
ley*  prepared  di-^-hydroxydiphenyldiphenylenemethane  (VII)  from 
fluorenone  chloride  and  phenol.  Zincke'  made  use  of  the  reaction  men- 
tioned by  Mackenzie,  and  obtained  the  same  di-^-hydroxytetraphenyl- 
methane,  using  a  large  excess  of  phenol  and  heating  on  the  water  bath 
for  three  days.  On  the  other  hand,  Caro  and  Graebe,^  long  ago,  con- 
densed monohydroxybenzpphenone  chloride,  and  also  dihydroxybenzo- 
phenone  chloride,  with  phenol,  employing  sulfuric  add  as  the  condensing 
agent,  and  obtained  some  benzaurine  and  aurine,  respectively.  More 
recently,  Sachs  and  Thonet^  have  condensed  benzophenone  chloride  with 
catechol,  also  by  means  of  absolute  sulfuric  acid,  and  have  obtained 
3,4-dihydroxytriphenykarbinol  (VIII),  but  in  the  absence  of  sulfuric 
add  the  ether  of  constitution  (IX)  was  the  prindpal  product  formed. 

<OC,H,  /C.H4OH  COIa.      /CfH40H 

(CfH.).c<^  I   yc<^ 

OCJIi  ^CeH40H  c«h/       X:«H40H 

(V).  (VI).  (VII). 

<^JI,(OH)i  XK 

(CJI,),C<Q>C.H4 

(VIII).  (IX). 

Thus  there  were  some  indications  in  the  literature  that  ketochlorides 
may  be  made  to  condense  with  phenols  so  as  to  3deld  a  triarylcarbinol. 
As  a  rule,  Friedd  and  Craft's  reaction  is  sddom  employed  for  condensa- 
tions involving  phenols.  We  found,  however,  that  p-hydroxytriphenyl- 
carbinol  could,  indeed,  be  obtained  by  this  reaction  from  benzophenone 
chloride  and  benzene,  fairly  pure  and  in  tolerably  good  3ridd,  when  car- 
bon disulfide  was  employed  as  a  solvent.    At  the  same  time  we  observed 

>  J.  Chem.  Soc.,  79,  1209  (1901). 

•  Ibid,,  87,  1252  (1905). 
» Ann,,  363,  279  (1908). 

*  Ber.,  II,  1350  (1878). 
» Ibid.,  37,  3329  (1904). 


TRIPHBNYLMQTHYI<.     XXV.  2577 

that  phenol  acts  directly  without  the  help  of  the  catalyst,  upon  benzo- 
phenone  chloride  in  absence  of  solvent  at  room  temperature.  A  careful 
study  of  the  reaction  between  benzophenone  chloride  and  phenol  has  been 
undertaken,  and  it  has  been  found  that  the  condensation  proceeds  in 
several  successive  steps.  By  observing  the  proper  conditions  during  the 
course  of  the  reaction,  it  is  possible  to  get  as  the  result  almost  exclusively 
any  one  of  the  three  products:  diphenoxy-diphenylmethane,  ;p-hydroxy- 
triphenylcarbinol,  or  di-p-hydroxytetraphenylmethane.  The  most  suit- 
able conditions  for  the  preparation  of  each  of  these  products  will  be  given 
first,  and  an  interpretation  of  the  mechanism  of  this  whcde  condensation 
reaction  follows. 

The  Preparation  of  Benzophenone  Chloride. — In  studying  the  Priedel 
and  Crafts  S3mthesis,  Boeseken^  found  that  the  reaction  between  car- 
bon tetrachloride  and  benzene  under  the  influence  of  the  catalyst,  alumin- 
ium chloride,  proceeds  in  at  least  three  steps: 

ecu  +  C«H.  — ►  CeHftCCl,      +  HCl 

QHjCCU      +  C«H«  — >  (C«H6)2CCl2  +  HCl 
(C«H6),CC1,  +  C«H.  — ►   (CeH6)8CCl   +  HCl 

He  was  unable  to  isolate  benzotrichloride,  but  by  using  an  excess  of  car- 
bon tetrachloride  he  obtained  benzophenone  chloride  in  good  yield.  We 
desire  to  emphasize  the  value  of  this  reaction  as  an  excellent  means  for 
the  preparation  of  benzophenone  chloride  in  large  quantities. 

We  have  obtained,  by  employing  this  reaction,  benzophenone  chloride  in 
90%  yields  by  observing  the  following  procedure:  In  a  wide-mouth, 
two-liter  bottle,  135  g.  (i  mol)  finely-divided  aluminium  chloride  are 
suspended  in  300  cc.  carbon  tetrachloride.  To  this  are  added  through  the 
course  of  an  hotu*  or  more,  156  g.  (2  mols)  of  benzene,  mixed  with  about  an 
equal  volume  of  carbon  tetrachloride.  By  cooling  and  shaking,  the  re- 
action mixttu'e  should  be  kept  below  30^.  The  following  morning  the 
aluminium  chloride  is  decomposed  in  the  same  bottle,  preferably  glass- 
stoppered,  by  adding  a  considerable  quantity  of  ice  at  once  and  shaking 
vigorously.  The  temperattu'e  of  the  mixture  is  lowered  to  such  an  ex- 
tent by  the  ice  and  the  hydrochloric  acid  that  hydrolysis  of  the  benzo- 
phenone chloride  is  reduced  to  a  minimum.  The  carbon  tetrachloride 
solution,  after  drying  over  calcium  chloride,  is  concentrated  and  the  resi- 
due distilled  in  vacuum.  The  resulting  product  contains,  as  a  rule, 
9<^5%  benzophenone  chloride,  the  balance  being  benzophenone.  Re- 
distillation in  vacuum  after  addition  of  the  calculated  amount  of  phos- 
phorus pentachloride  gives  ptu'e  benzophenone  chloride. 

Preparation  of  Diphenozydiphenyhnethane. — Mackenzie  in  his  at- 
tempts to  prepare  diphenoxydiphenylmethane  did  not  study  the  reaction 
between  benzophenone  chloride  and  phenol  in  any  other  solvent  than  an 
^  Boeseken,  Rgv.  d.  trav,  chem.,  24,  i  (1905}. 
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excess  of  phenol,  and  for  this  simple  reascm  failed.  By  carrying  oat  the 
above  reaction  in  b^izene  we  have  prepared  the  diphenoxy  componBd. 
The  formation  of  this  compotmd  constitutes  the  first  stage  in  the  acdon 
of  phenol  upon  benzophenone  chloride,  and  in  the  presence  of  a  solvent 
the  reaction  stops  here  and  does  not  proceed  any  further. 

Molten  phenol  was  added  slowly  to  an  equal  weight  of  benzophmone 
chloride  mixed  with  about  ten  times  its  volume  of  benzene,  the  reactiai 
mixture  being  kept  at  ebout  50^.  A  stream  of  dry  air  was  drawn,  unda 
sUght  vacuum,  tiirough  the  mass  to  remove  the  hydrogen  chloride  as 
formed,  and  thus  prevent  the  decomposition  of  the  diphenoxy  deriva- 
tive. Concentration  of  the  benzene  solution  and  addition  of  petrolenm 
ether  gave  the  diphenoxydiphenylmethane  in  clusters  of  white  needles 
melting  at  132^  after  recrystaUization  from  alcohol.  The  3ield  was 
about  85%  of  the  calculated  amount. 

Wieland^  described  as  diphenoxydiphenylmethane  a  compound  wfaidi 

he  had  obtained  by  heating  the  diphenyl  ether  of  benzpinacone  to  280  ^ 

resulting  assumably  as  follows: 

(C»H,),C  —  C(Caii),  (CJH.)fC  —  OCOI* 

2  I         I  — ►    2  I  +  (C«H»),C  -  C{CJI»), 

C.H,— O       O  — coif  C«Hr-0 

A  sample  prepared  according  to  Wieland's  method  was  found  to  be 

identical  with  the  product  from  the  reaction  of  benzophenone  chloride 

and  phenol  in  benzene  solution.    The  melting  point  of  a  mixture  of  the 

two  corresponds  to  that  of  either  product,  132**.    Thus  oiu*  results  ccxrob-j 

orate  Wieland's  conclusion  as  regards  the  constitution  of  the  diphenoxy 

derivative.    Consequently,  they  also  lend  support  to  his  conception  of 

the  constitution  of  the  above  mentioned  diphenyl  ether  of  benzpinacoae 

and  that  of  its  dissociation  product,  the  corresponding  free  radical,  &- 

phenylphenoxymethyl 

(Cai.)«  -  C  —  C  -  (COIOi  (C«H,),  -  C 

II  <^     2  I. 

(C4H,)  —  O      O  —  (CH.)  (CeH.)  —  O 

Diphenoxydiphenylmethane  is  far  more  stable  than  dimethoxydiphesyt 
methane  and  its  homologs,  which,  as  described  by  Mackenzie,  suffer 
decomposition  even  upon  exposure  to  the  air.  Neither  boiling  water 
nor  normal  alkali  has  any  effect  upon  the  diphenoxy  derivative.  Ob 
the  other  hand,  like  its  analogs,  diphenoxydiphenylmethane  is  hydroh'zed 
by  dilute  acids,  even  by  acetic  acid,  into  benzophenone  and  the  corre- 
sponding alcohol,  i.  e.f  in  this  case,  phenoL 

Preparation  of  HydroxytriphenylcarbinoL — Bistrzycki  and  Herhst' 
first  prepared  ^-hydroxytriphenylcarbinol  through  elimination  of  caihoa 

'  Ber.,  44,  2554. 

« Ihii.,  34,  3073  (1901);  35f  3133  (1902). 
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monoxide  from  /7-hydrox3rtriphenylacetic  add  by  means  of  concen- 
trated sulfuric  add.  This  step  is  accomplished  with  satisfactory 
yield,  although  the  preparation  of  the  add  by  condensation  of 
mandelic  add  with  phenol  involves  a  rather  laborious  process. 
Baeyer  and  Villiger^  obtained  the  identical  product  by  demethylating 
^-methoxytriphenylcarbinol  by  boiling  the  latter  in  a  mixture  of  acetic 
and  sulfuric  adds  for  twdve  hours,  the  methoxy  carbinol  having  been 
prepared  by  Grignard's  synthesis  from  anisic  ester  and  phenyl  bromide. 
Gomberg'  demethylated  the  methoxy  carbinol  by  means  of  aluminium 
chloride  in  benzene  solution,  a  method  which  gives  at  the  same  time 
more  or  less  diphenylquinomethane  and  other  by-products.  A  highly 
satisfactory  method  of  preparing  thfs  carbinol  is  offered  by  the  reac- 
tion of  benzophenone  chloride  and  phenol  under  the  following  conditions: 
I'  Molten  phenol  (3-4  mols)  is  chilled  in  a  flask  in  such  a  way  as  to  be  evenly 
distributed  on  the  interior  surface.  Benzophenone  chloride  (i  mol) 
is  then  added,  the  mouth  of  the  flask  being  protected  by  a  caldum  chloride 
tube.  The  reaction  begins  at  once  with  evolution  of  hydrogen  chloride, 
and  an  occasional  rotation  of  the  flask  brings  fresh  portions  of  the  phenol 
into  reaction.  After  ten  hours  or  more  at  a  temperature  between  20 
and  25^,  the  mass  is  subjected  to  steam  distillation  in  the  same  flask 
to  remove  the  excess  of  phenol.  The  residue  is  digested  with  5%  alkali 
and  the  alkaline  solution  extracted  with  ether  in  order  to  remove  any 
benzophenone  which  may  be  present.*  After  filtration  the  dissolved  etfier 
is  removed  from  the  alkaline  solution  by  a  stream  o£  air.  Addition  of 
ammonium  chloride  or  treatment  with  carbon  dioxide  liberates  the  car- 
binol and  the  dihydroxy-tetraphenyl  compound  in  the  form  of  a  paste, 
which  changes  on  standmg  to  a  granular  mass.  As  a  means  of  separa- 
tion of  the  carbinol  from  the  tetraphenyl  derivative,  a  small  amount 
of  which  is  also  likdy  to  be  formed  together  with  the  triphenyl-carbinol, 
either  alcohol  or  95%  acetic  add  may  be  used,  as  the  tetraphenylmethane 
compound  is  soluble  in  either  solvent  to  an  extent  of  not  more  than  o.  i  g. 
in  100  cc.  Using  about  6  cc.  alcohol  to  each  gram  of  the  mixed  products 
dissolves  the  carbinol  and  leaves  a  fine  suspension  of  the  tetra  compound. 
The  filtration,  often  quite  troublesome,  may  be  fadlitated  by  the  addi- 
tion to  the  alcoholic  suspension  of  a  few  cc.  of  a  concentrated  aqueous 

^Ber.,  36,  2791  (1903)- 

*  This  Journal,  35»  209  (1913)- 

'  This  extraction  is  necessary  at  this  point  not  only  to  remove  the  benzophenone  in 
suspension  but  also  the  benzophenone  held  in  solution  by  the  sodium  salt  of  the  carbinol. 
The  solubility  of  benzophenone  under  these  conriitinm  has  been  verified  by  a  blank 
experiment  in  which  it  was  found  that  benzophenone,  insoluble  itself  in  alkali,  was 
jointly  soluble  with  the  carbinol  in  n-NaOH.  In  the  extraction  a  large  amotmt  of 
ether  is  to  be  avoided  since  the  carbinol  through  hydrolysis  of  its  salt  is  also  removed 
to  some  extent  by  this  solvent. 
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sdution  of  sugar.  Addition  of  water  and  a  few  drops  of  ammooitun 
hydroxide  to  the  alcoholic  filtrate  precipitates  the  carbinol  in  a  beautiful 
crystalline  form.  Though  hardly  essential,  the  carbinol  may  be  recrys- 
tallized  from  benzene  in  order  to  remove  traces  of  the  tetraphenyl  de- 
rivative. 

Following  the  above  method  we  have  obtained  with  samples  of  12-18 
g.  of  benzophenone  chloride  yields  of  90  to  98%  of  the  calculated  amount 
of  the  carbinol,  vnth  but  a  few  hundred  milligrams  of  the  by-product, 
di"/>-hydroxytetraphenylmethane.  The  difficulty  of  controlling  the  tem- 
perature of  the  viscous  reaction  mixture  may  cause  at  times  the  forma- 
tion of  a  gram  or  more  of  the  tetra  compound  and  a  corresponding  de- 
crease in  the  yield  of  carbinol.  K  only  two  mols  of  phenol  are  taken 
for  condensation  with  one  mol  of  the  ketochloride  the  reaction  mixture 
may  be  allowed  to  stand  longer,  3-4  days,  without  fear  of  having  much 
of  the  tetraphenyl  compound  formed.  A  few  typical  examples,  tabulated 
below,  will  serve  as  illustration: 


Chloride. 

PheaoL 

T«aiper»ture. 

Time. 

CariMnoL 

"Tetim." 

12 

10 

40-50** 

I  hr. 

8.7  g. 

0.2  g. 

12 

20 

0-20 

I 

8.0 

0.3 

12 

17 

25-35 

I 

10.8 

1.8 

12 

PrAnflrAt 

20 
inn  nf  Tli.^ 

20-25 

15  hrs. 
lAnvlnriAflifl 

13.4 

flA   Ac     YlOG 

1.2 

tidtaed,  this  product  is  obtained  when  benzophenone  chloride  and 
phenol  are  heated  together.  The  use  of  sodium  phenolate  dissolved 
in  excess  of  phenol,  is,  we  believe,  without  any  advantage  in  this 
reaction.  Nor  is  it  necessary  to  heat  the  reaction  for  the  length  of 
time  given  by  Zincke,  three  days.  According  to  our  experience,  tiie  re- 
action is  practically  completed  at  the  end  of  a  few  hours,  with  a  yield 
^  90~^5%  of  the  calculated  amount. 

Since  di-jp-hydroxytetraphenylmethane  is  the  final  product  in  the  series 
of  the  three  successive  reactions  between  benzophenone  chloride  and 
phenol,  it  should  then  be  possible  to  prepare  it  tmder  suitable  circum- 
stances from  any  of  the  two  intermediate  products.  This  is  in  reality 
the  case,  as  will  be  shown  in  discussing  the  mechanism  of  the  reaction. 

Di-/>-hydroxytetraphenylmethane  crystallizes  from  acetic  add  in  glis- 
tening, white  flakes  or  needles,  melting  at  286^  without  decomposition. 
It  forms  a  diacetyl  derivative  by  boiling  in  three  times  its  weight  of  an- 
hydride together  with  a  small  amount  of  sodium  acetate,  as  described  by 
Zincke. 

Mechanism  of  the  Reaction. 

The  reaction  between  benzophenone  chloride  and  phenol  proceeds, 
as  mentioned,  in  several  steps. 

(i)  The  first  stage  of  the  reaction  consists  most  probably  in  the  fonna- 
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tion  of  the  diphenylether  of  benzophenone,  whatever  the  experimental 
conditioiis  of  the  method  employed. 

C.H» 

(I). 

If  the  hydrochloric  acid  is  being  removed  as  formed,  the  reaction  stops 
here,  and  the  ether  is  the  final  product.  Thus,  the  ether  is  formed  when 
the  chloride  and  the  phenol  are  allowed  to  act  upon  each  other  in  the 
presence  of  a  solvent  like  benzene  or  carbon  disulfide,  in  either  of  which 
the  hydrochloric  acid  is  but  Uttle  soluble.  But  when  no  such  solvent 
be  present,  then  the  viscous  reaction  mixture,  containing  during  the  course 
of  the  reaction  always  an  excess  of  phenol,  retains  a  certain  amount  of 
the  hydrochloric  acid,  and  the  concentration  of  this  acid  becomes  rela- 
tively great.  The  diphenyl  ether,  as  soon  as  formed,  is  then  subject 
to  the  action  of  the  acid,  and  then  there  ensues  the  second  stage  of  the 
condensation. 

(2)  In  the  second  stage  of  this  reaction  the  diphenoxy  compound 
suffers  an  intramolecular  rearrangement  with  respect  to  but  one  of  the 
phenoxy  groups  (II).  The  restdting  monophenyl  ether,  like  all  similar 
compounds,  must  be,  to  some  extent,  decomposed  by  hydrogen  chloride 
with  the  formation  of  the  chloride  of  f -hydroxytriphenylcarbinol,  which, 
as  has  been  shown,  exists  largely  in  the  quinoid  state  (Ila).  This  latter 
reaction  is,  however,  quite  subordinate,  but  enough  of  the  quinonoid 
chloride  is  formed  to  account  for  the  intense  fuchsine-hke  color  of  the 
reaction  mixture  at  this  stage. 

<C«H,  yC«H40H 

— ►  (C«HO»C<( 
C«H*  N>QH» 

(II). 


J^   (CeH4),c<  -^^  (cji.)iC  =  cja^ 

(lla). 

If  the  condensation  be  now  stopped,  after  the  reaction  mixture  has  stood 
1-3  days,  and  the  whole  treated  with  water,  then  the  monophenoxy- 
ether,  as  well  as  the  carbinol  chloride,  will  yield  by  hydrolysis  chiefly 
p-hydroxytriphenylcarbiriol  as  the  final  product. 

The  fonowing  experiments  iUustrate  the  ease  with  which  the  diphenoxy 
compound  undergoes  an  intramolecular  rearrangement  with  respect 
to  but  one  phenoxy  group  when  subjected  to  the  action  of  add  at  room 
temperature,  and  with  regard  tp  both  phenoxy  groups  at  higher  tempera- 
ture.   In  a  quantitative  experiment  i  .45  g.  of  substance  gave,  when  ex- 
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poeed  to  an  atmosphere  ci  dry  hydrogen  chloride  at  room  temperature, 
0.67  g.  />-hydroxytriphenylcarbinol  but  no  di-^hydroxytctiaphaijW 
methane.  A  3  g.  sample,  when  treated  similarly  but  at  50^  gave  1.3 
g.  of  the  carbinol  and  0.5  g.  of  the  tetra  compound,  together  with  sqok 
unchanged  diphenoxy  derivative. 

(3)  But  if,  instead  of  hydrolyzing  the  reaction  mixture  after  2-3  dayrf 
standing,  the  reaction  be  allowed  to  proceed  still  ftuther,  then  the 
enters  upon  its  third  stage.  The  monophenoxy  compound  suffers  in  its 
turn,  under  the  influence  of  the  hydrochloric  add,  an  intramolecahr 
rearrangement  with  respect  to  the  second  phenoxy  group,  and  di 
hydroxytetraphenylmethane  is  formed  (III).  At  the  same  time,  tlie 
variable,  but  never  large,  amotmt  of  chloride  produced  in  (Ila)  con 
with  phenol,  in  the  presence  of  the  anhydrous  hydrochloric  add,  and  it 
too,  gives  the  same  tetraphenyl  derivative  (Ilia). 


(CH.),C< 


:<  J!S.       (CJi.)«C<  ^      (CeH.)iC< 

(III). 

<0H  yC^H^H 

+  CtH,OH    — >     (C.H.)tC<; 
CI  x:jW)H 

(Ilia). 

That  the  pure  diphenoxymethane  can  actually  be  changed  by  hy 
chloric  acid  at  elevated  temperatures  (50**)  to  the  tetraphenyl  com 
has  already  been  shown.    The  following  experiment  illustrates  the 
densation  of  the  carbinol  chloride  with  phenol: 

Hydrochloric  acid  gas  was  passed  into  a  mixture  of  4  g.  p-hydnxxytn 
phenylcarbinol  and  10  g.  phenol  at  50^  and,  after  a  short  time,  3.5  | 
of  th^  tetra  compound  were  isolated.  In  acetic  add  solution,  3  g« 
binol  and  3  g.  phenol  gave,  after  passing  in  hydrogen  chloride,  2.8 
of  the  tetraphenyl  derivative. 

Thus,  it  will  be  seen  that  di-p-hydroxytetraphenylmethane  is  the 
suit  of  three  successive  reactions,  one  etherification  and  two  intrain< 
ular  rearrangements.    The  vdodty  of  the  second  intramolecular 
rangement  must  be  very  much  slower  than  that  of  the  first,  so  that 
room  temperatiu'e,  even  after  several  days'  standing,  there  is  but 
of  the  tetraphenyl  derivative  formed  as  compared  with  the  amount 
the  triphenylcarbinol. 

Every  intermediate  product  mentioned  in  the  explanation  here  off 
as  to  the  mechanism  of  the  condensation  reaction  has  been  isolated, 
cept  one,  the  monopheriyl  ether  of  p-hydroxytriphenylcarbinol. 
have  we  succeeded  in  synthesizing  it,  in  any  way,  directly  from  the 
binol.     And  it  is  not  siuprising,  if  we  may  judge  from  the  extreme 
tiveness  towards  hydrolyzing  agents  of  its  nearest  analog  and 


i 
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type,  monophenoxytripfaeiiylmethane.^  We  have,  however,  obtained 
very  satisfactory  evidence  in  regard  to  the  formation  of  our  monophenoxy 
compound  in  an  indirect  manner. 

An  examination  of  Equations  I  and  II  will  show  that  on  this  basis  for 
every  molecule  of  benzophenone  chloride  two  molecules  of  phenol  must 
take  part  in  the  reaction.  On  the  other  hand,  should  the  formation  of  the 
carbinol  proceed  according  to  the  simple  scheme  (IV)  then  only  one  mole- 

(CJI»).CCla  +  Cai.OH   — ►    (C«H.),C<^  ^    (C«H,),C<^ 

(IV). 

cuk  of  phenol  would  be  required  for  the  formation  of  the  carbinol.  Hence, 
the  amount  of  phenol,  whether  one  or  two  mols,  requisite  for  a  quantita- 
tive, or  approximately  quantitative,  3ield  of  the  carbinol  from  one  mol 
of  the  ketochloride  serves  to  decide  whether  the  monophenoxy  com- 
pound is  really  formed  as  the  intermediate  product  in  the  condensation 
or  not. 

The  results  given  in  Table  I  were  obtained  by  carrying  out  the  experi- 
ments with  all  due  precautions  as  to  purity  of  materials  employed  and 
constancy  of  temperature  (20-22^),  etc.  On  the  asstunption  that  in  the 
experiments  of  Series  I  and  II  all  the  benzophenone  chloride  entered  into 
condensation,  the  calctdated  yield  of  the  carbinol  is  8.96  g.  When  at 
the  same  time  some  tetraphenyl  derivative  is  produced  a  correspondingly 
smaller  yield  of  the  carbinol  is,  of  course,  to  be  expected. 

Tabus  I. 


I.  Series  II.  Series  III. 

RCCIi  +  C«HcO  RCCls  +  2CaUQ  2RCC1b  +  C«HtO 

7.7  g.  +  3  g.  gsTC  7.7  g.  +  6  g.  gave  15.4  g.  -f  3  g.  gave 

TbM  of  fcactioa.  Carbiool.  Tetn.  C«rt>isidl.  Tetn.  Carbinol.  Tetra. 

After  2  dajrs 3.88  g.  None  6.05  g.  None  3 •  i j  S*  None 

After  10 days 4.62  None  7.42  0.43  3.95  None 

After  20 da]rs 5.61  Trace  7.39  0.87  4.25  None 

After 30 days 6.00  o.ii  7.73  0.93  4.76  None 

A  comparison  of  the  results  obtained  in  the  two  sets  of  experiments, 
Series  I  and  II,  shows  plainly  that  two  molecules  of  phenol  give  not  far 
from  the  theoretical  amount  of  the  carbinol  at  the  end  of  ten  days,  87%, 
while  with  one  molecule  of  phenol  only  a  little  more  than  half  of  that 
amount  of  the  carbinol  is  obtained,  i.  ^.,  51%.  With  the  increase  of  the 
time  the  difference  between  the  results  in  I  and  II  becomes  less,  but  the 
difference  in  the  yields  still  remains  sufficiently  pronotmced  to  make  it 
apparent  that  two  molecules  of  phenols  are  requisite  in  order  that  the  one 
molecule  of  the  ketochloride  should  be  completely  used  up  in  the  con- 
densation. 

*  Baeyer,  Ber.,  42,  2625  (1909). 
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In  other  words»  if  the  monophenyl  ether  is  actually  an  <rgwential  inter- 
mediate product  in  the  formation  of  the  ^hydrox3rtriphenyl  cartmud, 
and  if  the  condensation  thus  involves  one  molecule  of  benzophenone  chloride 
with  two  molecules  of  phenol  simultaneously,  then  we  are  dealing,  funda- 
mentally, with  a  trimolecular  reaction.  But  if,  on  the  other  hand,  tbe 
condensation  is  not  as  complex  as  here  intimated,  and  if  it  proceeds  ac- 
cording to  Equation  IV,  then,  dearly,  we  are  dealing  strictly  with  a  di- 
molecular  reaction.  However,  while,  on  the  one  hand,  the  velocity  of 
reaction  may  perchance  vary  in  a  dimolecular  irreversible  reaction  ac- 
cording to  which  of  the  two  components  is  increased  in  amount,  and  is 
thus  made  to  fimction  as  solvent,  on  the  other  hand,  the  yield  of  the  prod-, 
uct  should  be  the  same  in  both  cases  when,  at  the  end  of  a  reasonable 
period  of  time,  the  final  equilibrium  has  been  practically  reached. 

An  inspection  of  the  results  of  the  experiments  in  Series  II  and  III  in 
Table  I  shows  the  following:  With  one  mol  ketochloride  and  two  m<As 
phenols  the  yields  are  67,  86,  92  and  97%  at  the  end  of  2,  10,  20  and  30 
days,  respectively.  With  two  mols  ketochloride  and  one  mol  phend 
the  yields  for  the  same  intervals  are:  35,  44,  47  and  53.  Indeed,  the  com- 
parison of  the  experiments  in  Series  II  and  III  shows  convincingly  that 
the  reaction  is  not  dimolecular,  and  that  two  molecules  of  phenol  are  es- 
sential for  a  quantitative  yield  of  the  triphenylcarbinol. 

The  fact,  however,  that  even  with  one  molecule  of  phenol.  Series  I,  a 
yidd  of  the  carbinol  amounting  to  70%,  instead  of  the  expected  50,  is 
reached  finally  at  the  end  of  a  month,  is  quite  readily  explained  by  the 
subordinate  reaction  Ila.  As  therdn  indicated,  phenol  is  being  regenera- 
ted, and  this,  in  its  turn,  will  combine  with  some  more  unused  benzo- 
phenone  chloride.  That  the  reaction  Ila  is  slow,  and  that  it  soon  reaches 
the  conditions  of  equilibrium,  can  hardly  be  doubted,  for  otherwise  how 
could  diphenoxydiphenylmethane  be  formed  so  readily  and  so  com- 
pletely as  it  does  in  reality  form  in  the  first  stage  of  the  condensation? 

The  condensation  here  described  has  been  studied  so  much  in  detail 
because  of  the  promise  that  this  reaction  might  find  application  in  the  syn- 
thesis of  other  hydroxylated  triarylcarbinols.  Results  that  have  been 
obtained  in  this  laboratory  so  far  indicate  that  in  reality  it  may  find 
such  application,  but  that,  at  the  same  time,  individual  ketones  and  phenols 
may  show  a  deviation  from  the  general  course  of  this  reaction. 

m.  Concerning  the  Free  Radicalf  /HHydroxytripheniylmetfayl. 

The  general  method  for  the  preparation  of  free  radicals  in  the  triaryl 
methyl  series  consists  in  subjecting  the  triarylmethyl  haUde  to  the  actios 
of  metals. 

Unfortunatdy,  />-hydroxytriphenylcarbinol  chloride  cannot  be  used  ac- 
cording to  this  general  reaction.  This  had  also  been  fotmd  to  be  the  case  with 
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the  chlorides  of  ^hydroxybe]izo^7'-pyraiu^^  and  of  ^-hydroxyxaatheaols.* 
The  cause  for  this  exceptional  behavior  we  bdieve  to  be  the  same  in  all 
cases,  namelyi  the  chlorine  and  the  hydrozyl  group  are  linked  to  one  and 
the  same  carbon  atom  in  these  carbinol  chlorides.  The  formation  of 
the  above  ^-hydroxy  chloride  takes  place  by  exposing  in  the  solid  form 
either  fuchsone  or  ^-hydroxytriphenylcarbinol  to  gaseous  hydrochloric 
add.  The  resultiog  products  are  identical,  henoe  we  must  assume  the 
usual  eqiulibrium  between  the  two  tautomeric  isomers. 


(CeH,),C 


-<o-  °  -^  ^^'^'^  "^^^xT  ■ 


<iH40H  yC«H40H 

— ^       (C«HOiC<( 
H  ^Cl 


it 


On  treatment  with  molecular  silver  a  molecule  of  hydrogen  chloride 
is  split  off  instead  of  the  usual  single  chlorine  atom,  giving  consequently 
fuchsone  and  not  the  free  radical,  f-hydroxytriphenylmethyl. 

From  these  results  it  became  evident  that  the  only  promising  procedure 
for  the  preparation  of  the  free  radical  would  be  through  protection  or 
alteration  of  the  f-hydroxyl  group,  according  to  the  following  scheme: 

CI 

/  A. 

(Caii)«  -  C  —  CJHiOR  — >-  (C^i)i  -  C  —  COI^OR 


(Cai»)j  «  C  —  COIiOR  — >-  (CJI»)i  =  C  —  CJI40H 
in  which  R  -  CH,,  COCHs,  or  COC«Hi 

Realizing,  however,  the  difficulties  usually  encountered  in  the  removal 
of  any  of  these  protecting  groups,  we  turned  first  to  the  carboalkoxy 
groups,  used  so  extensively  and  successfully  by  Emil  Fischer  as  a  tem- 
porary protection .  of  hydroxyl  groups,  in  his  recent  studies  on  tannins. 
A  carboalkoxy  group  is  readily  removed  through  .hydrolysis,  thus  re- 
storing the  hydroxy  compound. 

H^arboethoxytriphenylcarbinol,  C2HftO.CO.OQH4.  (C«Hft)tCOH.— Four- 
teen grams  />-hydroxytriphenylcarbino]  are  dissolved  in  55  cc.  normal 
sodium  hydroxide  solution  and  a  considerable  amount  ot  ice  added  to  the 
sdution.  To  the  suspension  of  the  sodium  salt  of  the  carbinol  are  added 
with  vigorous  stirring  6  g.  (i .  i  mol)  chlorocarbonic  ester.  The  resulting 
stiff  paste  upon  becoming  granular  is  filtered  out.  After  dryuig  partially, 
the  product  is  recrystaUized  from  alcohol  by  addition  of  water.  The 
yield  is  quantitative.    ^-Carboethoxytriphenylcarbinol  is  readily  solu* 

*  Gomberg  and  Cone,  Ann.,  370,  203  (1909). 

'  Gomberg  and  West,  Tms  Journai;,  34,  1562  (1912). 


2586 


M.  GOMBSRG  AND  R.  L.  JICKUNG. 


ble  in  benzene,  ether,  etc.,  crystallizing  from  these  solvents  upon  addition 
of  petroleum  ether  as  white  needles,  melting  at  119^. 

^Carboethozytriphenylcarbinol  Chloride. — ^According  to  the  usual 
method  of  preparing  triarylcarbinol  chlorides,  this  chloride  is  formed  by 
passing  gaseous  hydrochloric  acid  into  a  benzene  solution  of  the  carbinol 
in  the  presence  of  calcium  chloride.  Addition  of  petroleum  ether  to  the 
concentrated  benzene  solution  gives  white  crystals  of  the  chloride,  wUdi, 
after  washing  with  a  mixture  of  ether  and  petroleum  ether,  melt  at  98^. 

Calc.  for  CaHiiQiCl:  CI,  9.67.    Pound:  CI,  9.62. 

The  Action  of  Metals. — As  has  been  mentioned,  the  usual  result  of  the 
action  of  molecular  silver  or  other  metals  on  the  chlorides  of  the  triaryl- 
carbinols  in  solution  is  the  formation  of  the  free  radical  with  carbon  in 
the  trivalent  state.  The  unsaturated  nature  of  this  dass  of  compounds 
is  illustrated,  among  others,  by  the  avidity  with  which  they  tmite  with 
oxygen  to  form  peroxides. 

2R,C  +  Oi  — ►  R«C  —  O  —  O  —  CR«. 

So  characteristic  is  this  reaction,  that  the  isolation  of  the  peroxide  is 
now  generally  accepted  as  sufficient  evidence  of  the  existence  of  the  corre- 
sponding free  radical,  though  even  temporary.  Tested  in  this  manner 
the  carboethoxy-chloride  gives  rise  unquestionably  to  its  free  radical. 

^Carboethozytriphenylmethyl  Peroxide. — ^When  treated  with  molec- 
ular silver  out  of  contact  with  air  a  benzene  solution  of  ^-carboethoxytri- 
phenylcarbinol  diloride  assumes,  after  several  hours,  a  dark,  cherry  red 
color.  On  exposure  to  air  this  color  disappears  in  a  way  analogous  to 
that  in  the  case  of  triphenylmethyl.  Evaporation  of  the  filtered  benzene 
solution  and  washing  the  residue  with  ether  to  remove  any  unchanged 
chloride  gives  a  relatively  small  amount  of  the  peroxide,  which,  when  crys- 
tallized from  benzene,  melts  at  171*.  Much  better  yields  of  the  peroxide 
result  from  boiling  the  chloride  and  silver  in  benzene  with  a  stream  of 
dry  air  passing  through  the  solution.  Like  other  triaryl  peroxides,  />-carbo- 
ethoxy  peroxide  is  but  slightly  soluble  in  benzene  and  nearly  insduble  in 
ether. 

Calc.  for  C44HttOf:  C,  76.05;  H,  5.52;  Mol.  wt.,  694.    Pound:  C,  75.73;  H,  55^' 
Mol.  wt.,  701. 

All  attempts  to  obtain  the  dihydroxy-peroxide  by  removing  the  carbo- 
ethoxy  groups  alone  in  this  peroxide  resulted  in  the  splitting  of  the  prod- 
uct either  to  p-carboethoxytriphenylcarbinol  or  to  /^•hydrox)rtriphe^yl• 
carbinol.  Warming  the  solution  of  the  peroxide  in  a  mixture  of  acetic 
and  sulfuric  acids  (4:1)  gives  the  former  carbinol  in  good  yield.  The 
peroxide  is  not  affected  by  boiling  with  a  normal  solution  of  alkali  is 
water,  but  sodium  ethoxide  or  a  solution  of  potassium  or  barium  hydrox- 
ides in  methyl  alcohol  decomposes  it  to  the  hydroxy-carbinol. 
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Isomerization  of  the  Free  Radical. — ^The  formation  of  the  above-de- 
scribed peroxide  proves  definitely  that  the  free  radical,  ^-carboethoxy- 
triphenylmethyl,  is  formed  as  the  initial  step  of  the  reaction  between  the 
chloride  and  molecular  silver.  We  next  attempted  to  isolate  the  misatura- 
ted  free  radical  in  the  solid  state  by  concentration  of  the  colored  solution 
of  the  same  in  an  atmosphere  of  carbon  dioxide.  But  the  residue  thus 
obtained  proved  to  be  colorless,  was  found  to  be  entirely  devoid  of  un- 
saturated properties,  and  would  no  longer  yield  a  peroxide  on  exposure 
to  air,  either  as  the  soUd  or  in  solution.  Consequently  we  may  assume 
that  the  free  radical  exists  only  temporarily,  and  must  have  been  affected 
in  some  way  during  the  subsequent  stages  of  its  isolation.  In  fact,  even 
in  the  preparation  of  the  peroxide  through  simultaneous  action  of  silver 
and  air  upon  the  chloride,  there  is  formed,  as  a  coating  on  the  silver,  more 
or  less  of  this  colorless,  saturated  compound  in  addition  to  the  peroxide. 
More  of  this  substance,  and  relatively  less  of  the  peroxide,  is  obtained  if 
the  solution  of  the  free  radical  is  kept  for  some  time  previous  to  oxida- 
tion; still  more,  if  the  solution  is  heated.  It  is  thus  not  surprising  that 
we  find  upon  boiling  the  benzene  solution  of  the  chloride  with  silver  for 
several  hours,  that  practically  none  of  the  peroxide  can  then  be  obtained. 
For  under  such  treatment,  the  reactive  free  radical  is  transformed  com- 
pletely into  this  colorless,  inert  substance. 

This  new  product  is  a  white,  amorphous  powder  insoluble  in  ether  and 
but  slightly  soluble  in  boiling  benzene  or  acetic  acid.  It  melts  at  about 
280®  without  decomposition.  A  sample  from  the  last  mentioned  solvent 
gave  an  analysis  corresponding  closely  to  that  calculated  for  the  free  rad- 
ical. The  molecular  weight,  determined  according  to  the  method  of 
Menzies,  proved,  however,  to  be  approximately  twice  that  of  the  free 
radical. 

Calc.  for  CssHifOi:  C,  79.72;  H,  5.78;  Mol.  wt.,  331.     Pound:  C,  79.36;  H,  6.04; 
Mol.  wt.,  68o»  664. 

The  above  results  indicate  that  this  unsaturated  compound  is  either 
produced  from  the  monomolecular  free  radical  through  polymerization, 
or  more  likely,  is  a  metamer  resulting  from  transformation  of  the  dimolec- 
ular  modification  of  the  free  radical.  A  change  of  this  kind  has  been 
proved  to  take  place  in  the  case  of  the  simplest  free  radical  in  this  series, 
namely,  triphenylmethyl.  It  was  shown  by  Gomberg^  that  this  dimolec- 
ular  free  radical  is  changed  in  benzene  under  the  influence  of  hydrogen 
chloride,  as  a  catalyst,  to  a  stable  isomer,  the  constitution  of  which  has 
been  definitely  determined  by  Chichibabin*  as  f -benzhydryltetraphenyl- 
methane. 

»  Btr.,  36,  378  (1903). 

^  Ibid,,  S7t  4708  (1904);  41,  2422  (1908);  Schmidlin,  "Das  Triphenylmethyl/' 
P  24. 
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(HO)  I 

2  (cai,),c  — >  (cji,)i  -  c  —  c.H4.c(cai.)i. 

Later  Schlenk^  found  that  this  same  transformation  is  brought  about 
by  the  action  of  metallic  sodium  on  the  free  radical  in  ether  solution. 
The  question  arises:  May  not  a  similar  metamerization  take  place  spon- 
taneously in  the  case  of  certain  other  radicals?  In  other  words,  may  not 
the  change  of  the  free  radical  to  its  stable  isomer  proceed  even  without 
the  presence  of  a  catalyst,  add  or  alkali?  We  consider  this  entirely  possi- 
ble,  and,  at  the  present  time,  this  is  the  most  plausible  explanation  that 
we  can  oflfer  for  the  relatively  impermanent  existence  of  the  free  radical, 
^carboethoxytriphenylmethyl.  We  have  modified  the  methods  in  at- 
tempting to  prepare  this  radical  by  various  means — ^by  employing  differ- 
ent solvents,  by  using  mercury  or  copper  instead  of  silver,  by  concentra- 
ting the  solutions  at  very  low  pressure  and  temperature — ^but  the  result 
has  invariably  been  the  formation  of  the  same  stable  metamer  of  the  free 
radical. 

Acetoxy-  and  benzoxytriphenylmethyl  chlorides  behave  in  this  respect 
entirely  analogously  to  the  carboethoxy  chloride.  They,  too,  give  free 
radicals  which  isomerize  to  stable  metamers.  The  occurrence  of  such 
spontaneous  transformations  we  believe  to  be  far  more  frequent  than  has 
been  assumed  in  the  past.  The  apparent  non-existence,  or  rather  the 
marked  instability,  of  the  free  radicals,  tri-p-tolylmethyl,  di-/?-tolyl- 
phenylmethyl,  ;p-tolyldiphenylmethyl,*  tri-/?-anisylmethyl,'  etc.,  may 
be  explained  as  due  to  a  similar  cause,  namely,  to  the  tendency  to  iso- 
merize to  more  stable  hydrocarbons. 

p-Benzozytriphenylcarbinol.— Following  the  Schotten-Batmiann  re- 
action, 14  g.  ;^-hydroxytriphenylcarbinol  are  dissolved  in  an  excess  of 
N  NaOH,  14  g.  benzoyl  chloride  added  and  the  mixture  thoroughly  shaken 
for  some  time.  The  resulting  oily  precipitate  solidifies  on  standing. 
Its  benzene  solution  is  extracted  with  10%  alkali  and  dried  over  calcium 
chloride.  Addition  of  petroleum  ether  gives  the  benzoxy-carbinol  in  the 
form  of  small  crystals,  melting  at  132^  after  recrystallization  from  glacial 
acetic  acid.  We  have  nothing  to  add  to  the  properties  as  given  by  Bis- 
trzycki  and  Herbst.* 

p-Benzozytriphenylcarbinol  Chloride. — ^This  chloride  is  prepared  by 
satm-ating  a  benzene  solution  of  the  carbinol  with  hydrogen  chloride  in 
the  presence  of  calcium  chloride.  Addition  of  petroleum  ether  to  the  con- 
centrated benzene  solution  gives  white  crystals  of  the  chloride  in  nearly 
quantitative  yield,  melting  point  105**. 

'  Ber,,  47,  1665  (1914). 

*  Gomberg,  Ibid.,  37,  1627  (1904). 

*  Schmidlin,  "Das  Triphenylmcthyl,"  p.  153. 

*  Ber.,  34,  3077  (1901). 
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Calc.  for  CieHiyOkCl:  CI,  8.90.    Pound:  CI,  8.74. 

^Benzozytriphenylmethyl  Peroxide. — ^With  molecular  silver,  a  solu- 
tion of  the  benzoxy  chloride  gives  the  usual  deep  color  of  a  free  radical. 
On  evaporation  of  this  solution,  however,  a  mixture  of  two  substances 
is  obtained,  the  one  the  inert  isomer  of  the  free  radical  and  the  other  the 
peroxide.  For  identification  the  latter  was  prepared  by  simultaneous 
action  of  silver  and  oxygen  on  the  chloride.  The  peroxide  is  slightly  solu- 
ble in  boiling  benzene,  nearly  insoluble  in  ether,  and  melts  at  167  ^  with 
decomposition.  This  peroxide  is  also  readily  hydrolyzed  to  its  correspond- 
ing carbinol  by  warming  in  a  mixtture  of  acetic  and  sulfuric  adds. 
Calc.  for  C«H||0«:  C,  82.29;  H,  5.05.    Found:  C,  82.40;  H,  5.40. 

As  in  the  case  of  /)-carboethoxytriphenylmethyl,  we  were  unable  to 
isolate  the  free  radical,  ^-benzoxytriphenylmethyl.  On  boiling  the  chlo- 
ride and  silver  in  benzene,  the  resulting  highly-colored  solution  of  the  free 
radical  loses  its  color,  even  dtuing  concentration,  with  the  formation 
of  the  colorless  isomer.  A  sample  of  the  latter,  recrystallized  'from  acetic 
add,  mdted  at  266-9^,  ^^d  gave  an  analysis  and  molecular  weight  corre- 
sponding dosdy  to  that  calculated  for  the  dimolecular  free  radical. 

Calc.  for  CnHsi04:  C,  85.92;  H,  5.27;  Mol.  wt.,  726.    Pound:  C,  85.70;  H,  5.55; 
Mol.  wt.,  710. 

j>-AcetoxytriphenylcarbinoL — ^The  following  procedure  has  been  adopted 
for  the  preparation  of  this  carbinol:  20  g.  of  /?-hydroxytriphenylcarbinol 
^d  3  g.  of  anhydrous  sodiiun  acetate  are  boiled  for  two  hours  in  50  g. 
acetic  anhydride.  The  product  is  predpitated  by  pouring  the  above 
solution  into  100  cc.  water  and,  if  necess^y,  may  be  recrystallized  from 
acetic  add.  It  possesses  the  properties  described  by  Bistrzycki  for  this 
carbinol.  The  large  excess  of  acetic  anhydride,  as  employed  by  him^ 
we  believe  to  be  unnecessary  in  the  preparation  of  this  compound. 

f-Acetoxytriphenylcarbinol  Chloride* — Gomberg^  has  prepared  this 
chloride  by  the  usual  method,  using  caldum  chloride  as  a  dehydrating 
s^ent.  We  find  it  perferable  to  avoid  the  use  of  hydrogen  chloride. 
The  carbinol  is  suspended  in  an  excess  of  acetyl  chloride  (2  : 3  mol)  and 
the  mixture  heated  until  all  goes  into  solution.  The  excess  of  solvent 
is  removed  by  careful  heating.  Upon  the  gradual  addition  of  petroleum 
ether  and  allowing  to  stand,  the  acetoxy  chloride  separates  out  slowly 
as  white  needles,  melting  at  88^.  It  is  very  soluble  in  benzene  or  ether 
but  only  slightly  so  in  petroleum  ether. 

Calc.  for  C11H17O2CI:  CI,  10.53.    Pound:  CI,  10.52. 

j^-Acetoxytriphenylmethyl  Peroxide. — ^This  peroxide  must  be  prepared 
by  the  simultaneous  action  of  silver  and  oxygen  on  the  chloride  in  solu- 
tion.   The  resulting  product,  after  recrystallization  from  benzene  and 
*  This  Journai*,  35,  200  (1913). 
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ether,   melts  at   172^.     It  is  readily  hydrolyzed  to  the 
carbinol. 

Calc.  for  CisHmOc:  C,  79.46;  H,  5.40.    Found:  C,  79.67;  H,  5.S0. 

The  acetoxy  polymer  was  produced  from  the  free  radical  under 
conditions  as  the  other  two  polymers  from  their  corresponding  radicals. 
The  white,  amorphous  powder,  after  purification,  gave  a  product  mriHng 
with  decomposition  at  255-270°.  In  its  low  solubility,  its  nonconvcx* 
sion  through  hydrolysis  into  the  corresponding  carbinol,  and  its  lack  d 
unsatturated  properties,   this   polymer  resembles   the  other  analogs  tf 

described. 

I 

/>-Carboethozytriphenylmethyl  Ether. — ^Ten  grams  p-carboethoxytii- 
phenylcarbinol  chloride,  30  g.  mercuric  oxide  and  50  cc.  benzene  w«e 
sealed  and  shaken  for  a  month  at  room  temperature.  The  resultii^ 
solution,  after  warming,  was  filtered  from  the  mercuric  oxide  and  chioride| 
and  concentrated.  Upon  addition  of  petroleum  ether  the  product  separar| 
ted  as  a  yellow,  crystalline  mass,  which,  after  recrystallization  from 
zene  and  absolute  ether,  is  white  and  melts  at  219°. 

Calc.  for  C44H1SO7:  C,  77.84;  H,  5.65;  Mol.  wt.,  678.     Found:  C,  77.80;  H,  5.7^ 
Mol.  wt.,  694. 

The  f-carboethoxy  ether  resembles  other  triaryl  oxides,  being 
readily  hydrolyzed  by  acids.    Thus  it  is  converted  into  the  carbinol 
boiling  in  acetic  acid  or  in  alcohol  containing  a  few  drops  of  sulfuric  adiL 

As  a  rule,  the  carboethoxy  group  is  easily  removed  by  cold  dilute 
or  aqueous  ammonia,  acetone  or  pyridine  being  added  if  necessary  to  ii 
crease  the  solubility  of  the  products.^    Treated  in  this  manner, 
ethoxytriphenylmethyl  ether  does  lose  its  carboethoxy  groups,  but 
fortunately    suffers    further    hydrolysis    to    ^-hydroxytriphenyk 
Various  conditions  and  hydrolytic  agents  of  alkaline  nature  have 
employed,  but  as  yet  it  has  been  found  impossible  to  remove  only 
carboethoxy  groups  and  thus  obtain  the  /^-hydroxy-ether,  a  sul 
which  has  been  the  subject  of  controversy  in  the  literature. 

IV*  Summary. 

1.  A  detailed  study  of  the  reaction  between  benzophenone  chk 
and  phenol  has  been  carried  out.     Contrary  to  previous  reports  in 
literature,  the  reaction  was  found  to  proceed  in  several  successive 
and  the  mechanism  of  the  reaction  has  been  studied. 

2.  A  simple  and  excellent  S3mthetic  method  for  the  preparatioo 
/»-hydrox3rtriphenylcarbinol  has  been  devised,  a  method  which 
to  become  general  for  obtaining  analogous  compounds. 

3.  ^Hydroxy triphenylcarbinol    chloride    on    treatment    with 
gives  up  hydrochloric  acid  and  not  chlorine,  thus  making  it  im] 
to  prepare  the  corresponding  free  radical  according  to  the  usual 

*  Fischer,  Ber.,  46,  3257  (1913). 
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p-Carboethoxy-,  ^benzoxy-,  /?-acetoxycarbinol  chlorides  do  give  the 
respective  free  radicals,  but  these  were  found  to  be  too  unstable  to  be 
isolated  as  such,  and  consequently  could  not  be  used  for  the  preparation 
of  the  hydroxytriphenylmethyl. 

4.  Prom  the  experimental  facts  obtained,  an  explanation  is  derived 
to  account  for  the  impermanent  character  of  these  free  radicals,  which 
may  also  serve  to  explain  similar  results  previously  reported  by  others, 
namely,  a  tendency  of  the  radicals  towards  spontaneous  pol3rmerization  or 
isomerization,  or  both. 

Ann  Akbor,  Michigan. 
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RESEARCHES  ON  PYRIMEDINES.  LXXVIL    THE  ALKYLATION 

OF  2-MERCAPTOPYRIMIDINES. 

By  Tsbat  B.  Johnson  and  Robskt  C.  Moran. 
Received  August  20,  1915. 

Johnson  and  Haggard^  made  the  observation  that,  when  2-allylmercapto- 
4-methyl-6-ox)rpyriniidine  (I)  undergoes  alkylation  in  alcoholic  solution 
and  in  the  presence  of  sodium  ethylate,  there  is  no  tendency,  apparently, 
for  the  alkyl  group  of  the  halide  to  substitute  in  position  3  of  the  pyrimi- 
dine  ring  to  form  a  compound  corresponding  to  Formula  11.  Either 
an  imido  ester  combination  (IV)  is  formed  or  a  mixture  of  this  with  a 
I -alkyl  derivative  as  represented  by  Formula  III^  When  allyl  iodide 
was  used  the  corresponding  imido  ester  (IV)  (R  =  CH2:CHCH2)  was 
the  only  product  formed.  In  other  words,  the  sodium  salt  of  this  pyrimi- 
dine  (I)  echibited  an  exceptional  behavior  towards  alkyl  haUdes,  and  the 
presence  of  the  negative,  unsaturated,  allyl  mercapto  group  in  position 
2  was  favorable  for  the  formation  of  oxygen  derivatives. 

NH  —  CO  N  —  CO 


I  II 

CH,  ;  CHCH,S.C  CH  CH,  :  CH.CHiS.C       CH 


II  II 

N C.CH,  RN  —  C.CH, 

(I).  (11). 

RN  —  CO  N  -  CO.R 

II  II 

CH,  :  CHCH,S.C       CH  CH,  :  CH.CH,S.C       CH 


II  II         II 

N  —  CCH,  N  —  CCH, 

(HI).  (IV). 

In  the  light  of  these  interesting  results  it  was  of  especial  interest  to 
investigate  the  behavior  on  alkylation  of  a  2-mercaptopyrimidine  contain- 
ing a  more  negative  radical  than  the  vinyl  group  CHs:  CH —  in  the  com- 
'  Tms  Journal,  37,  177  (1915)- 
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pound  (I).    Such  a  radical  is  the  benzoyl  group,  which  is  preseat  in  the 
pyrimidine-  2  -benzoylmethylmercapto-4*niethyl-6-oxypyrimidine.    Tfaa 
compound  (VIII)  has  already  been  described  in  a  previous  paper  fraa 
this  laboratory,^  and  is  easily  prepared  by  the  action  of  bromoacetophe&OB 
on  the  sodium  salt  of  2-thio-4-methyl-6-oxyp}rrimidine.'    The  lesohs 
obtained  with  the  allylmercaptopyrimidine  (I)  suggested  that,  the  mat 
negative  the  group  which  we  incorporate  in  place  of  a  hydrogen  in  a  2- 
methylmercapto  radical,  the  less  tendency  there  will  be  for  an  alkyl  halide  ^ 
to  add  to  the  i -nitrogen  atom  of  the  ring  and  form  a  i -nitrogen  sabsti*, 
tuted  pyrimidine.    Oxygen  compotmds  should  tJien  be  the  chief  products  i 
of  the  reaction  and  if  the  specific  group  were  sufficiently  nq^tive  k 
character  they  would  be  the  only  products  formed.    The  results  whidi  ire 
have  obtained  by  alkylation  of  this  benzoylmercaptop3rrimidine  (VIII), 
and  now  described  in  this  paper,  are  in  accord  with  such  an  assumption. 

Johnson  and  Moran'  observed  that  the  sodium  salt  of  this  pyrimidioK 
(VIII)  interacts  with  bromacetophenone  giving  exclusively  the  pyrimi-i 
dine  (VI).  It  therefore  reacted  with  this  halide  in  a  manner  perfec^ 
analogous  to  that  of  the  corresponding  2-allymercaptopyrimidine  (Ql 
when  treated  with  ally!  bromide.  The  allylpyrimidine  (I)  and  metkyij 
iodide  interacted  to  form  the  i-methylpyrimidine  (III)  (R  «  CH|).^ 
Our  benzoylpyrimidine  (VIII)  reacted  in  a  similar  manner  with  tin 
halide  forming  2-benzoylmethylmercapto-i,4-dimethyl-6-oxypyri]iiidiflC| 
(VII).  We  obtained  no  evidence  of  the  formation  of  the  imido  csta 
combination  (XI). 

Besides  that  of  methyliodide,  we  have  investigated  the  action  on 
pyrimidine  (VIII)  of  ethyl  bromide  and  benzylchloride.    The  former 
interacted  smoothly  to  form  exclusively  the  ethoxypyrimidine  re 
by  Formula  X.    This  same  pyrimidine  was  also  formed  when  the 
was  applied  in  methylalcohol  solution.    There  was  no  evidence  of  the 
change  of  alkyl  groups  with  formation  of  the  imidoester  (XI). 
structure  of  our  alkylated  product  was  established  by  the  fact  that 
underwent  hydrolysis  with  formation  of  4-methyluracil  (XII)  and  2.y 
diphenyl- 1 ,4-dithiene.* 

When  we  came  to  investigate  the  action  of  benzylchloride  on  the  $odiiifl| 
salt  of  the  pjnimidine  (VIII),  in  ethyl  alcohol  solution,  we  were  surprise! 
to  obtain  very  abnormal  results.  In  all  otu*  previous  work  this  hafidl 
has  been  observed  to  interact  smoothly  in  such  reactions.  In  this 
however,  we  obtained  no  evidence  of  the  formation  of  a  benzylpyrimi&i 

'  Johnson  and  Moran,  Am,  Chtm.  /.,  48,  307  (1912). 
'  List,  Ann.,  236,  3  (1886). 

*  Loc.  cit. 

*  Johnson  and  Haggard,  Loc.  cit. 

*  Johnson,  Moran  and  Kohmann,  This  Journax*,  55,  447  (19 13). 
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corresponding  to  Formula  IX  or  a  i -benzyl  derivative.  On  the  other  hand, 
the  pyrimidine  interacted  with  the  benzylchloride,  in  ethyl  alcohol,  to 
'onn  the  ethox3rpyrimidine  (X),  and  the  yield  was  excellent.  Further- 
nore,  when  we  applied  the  same  reaction  in  a  solution  of  methyl  alcohol 
he  same  abnormality  was  observed,  and  we  obtained  the  corresponding 
nethoxypyrimidine  (XI).  This  is  the  first  time  that  we  have  observed 
ucfa  metathetical  changes  in  our  pyrimidine  investigations,  and  the 
esults  suggest  to  us  why,  in  some  of  our  alkylation  experiments,  we 
lave  experienced  great  difSctdty  in  isolating  pure  compounds.  Un* 
toubtedly  changes  such  as  the  above  have  taken  place  leading  to  the  f or- 
oation  of  mixtures. 

CHiN CO 


CO       CH 

I  II 

NH  — CCHi 

(V). 


N  «  COCHiCOCtH, 

I         I 


\ 


•C«H»COCH.SC       CH 

II        II 
N  —  C.CH, 

(VI).  I 

NH  — CO 

I  I 

•C«H«COCH,SC  CH 


CHiN  — CO 

I         I 
CACOCHiSC       CH 

II        II 
N  — CCH« 

(VII). 


N  -  COCHsCA 


N CCH, 

(VIII). 

N  -  COCiH, 

I  I 
•C«H«COCH,SC       CH 

II  II 

N  — CCHi 

(X). 


CACOCHsSC       CH 

II        II 

N  —  C.CH, 

jdX). 
N  -  C.OCH, 


\ 


NH  — CO 

I  I 

CO        CH 


COIiCOCHiSC       CH 

II        II 
N  —  CCH, 

/^  (XI). 


NH  —  CCH, 
(XII). 

These  interesting  changes  are  analogous  to  those  in  which  an  alkyl 
group  of  an  ester  is  displaced  by  another  alcohol  (XIII),  and  an  acyl- 
cUoride  is  converted  into  its  corresponding  iodide  by  the  action  of  hydrogen 
iodide  (XII).  Intermediate  addition  products  can  be  assumed  to  be 
formed  in  each  case.     In  our  experiment  with  benzylchloride  the  benzyl- 
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compound  (IX)  is  very  probably  the  first  product  of  the  reactkxi,  wUch 
then  adds  the  alcohol,  serving  as  solvent,  to  form  the  cGrrespoii&i| 
addition  compounds  represented  by  Formulas  XIV  and  XV.  These  tfaea 
break  down  with  formation  of  the  corresponding  ethoxy-  (X)  and  onethaiy- 
pyrimidines  (XI)  with  generation  of  benzylalcohol. 

RC^  +HI    qii:    RC^H    7^     RC^  +  Ha.> 

(XII). 
^  yOCH,  ^ 

RC^        -fCHjOH  :j::t  rc~-oh      :?±:  Rcf^        +CiHdOH 

(xin). 

yOCfHt  >OCHi 

NH  —  o(  NH  —  CC 

I    X)CH, 


C«HtCOCH,SC  CH  CeHsCOCHiSC  CH 

II  II  II  II 

N C.CH,  N C.CH, 

(XIV).  (XV). 

The  results,  which  we  have  thus  far  obtained  in  our  alkylation 
are  all  in  accord  with  our  previous  assumption  that  the  sodium  salts 
2-mercapto-6-oxypyrimidines  can  interact  with  alkylhaUdes  in  two  way 
either  by  addition  to  form  nitrogen  substituted  pyrimidines,  or  by 
substitution  to  form  oxygen  derivatives.  Methyliodide  generaUy 
by  addition  to  form  i-  or  3-methylated  pyrimidines.  The  two 
may  be  expressed  by  the  following  equations: 

When  Ris  a  positive  group:  Br 


I 


N  =  CONa 

CH,.N  =  CONa 

1         1 

1         1 

RSC       CH       -f  COIiBr 

» 

RSC       CH 

1         1 

N  —  CCH. 

N  —  CCH, 
(XVI). 

C,H»N- 

-CO 

' 

RS.C       CH  +  NaBr 

II        II 
N  —  CCH, 

When  Ris  a  negative  group: 

N  =  CONa  N  =  COCH, 

II  II 

RSC       CH       +  C|H3r      — >►       RSC       CH  -f-  NaBr 

II       II  •    II        II 

N  —  CCH,  N  —  C.CH, 

'  Standinger  and  Anthes,  Ber.,  46,  1417  (1913);  Aschan,  Ibid.,  45,  954;  MeydV 
Ihid.,  45,  2869  (1912);  Michael,  Ibid.,  46,  136  (1913)- 
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The  addition-product  (XVI)  may  be  viewed  as  a  quaternary  salt  of. 

a  cydic  azomethin  — C  =  N,  corresponding  to  that  formed  by  treating 

I         I 
a  Schiff  base  with  an  alkylhalide^  (XVII). 

CH. 

.R'  I  yR' 

RN 


C<;       +  CH,I  =  R  —  N  =  c<;      . 
^R'  I  ^R' 


I 

(XVII). 

Otu*  researches  on  the  alkylation  of  pyrimidines  will  be  continued. 

Experimental  Part. 
ii4-Dimethyl-2-benzoylmethyImercapto  -  6  -  ozypyrimidine  (VII) .  — 
Five  grams  of  2-benzoylmethylmercapto-'4-methyl-6-oxyp3rrimidine  were 
dissolved  in  50  cc.  of  absolute  alcohol  containing  a  molecular  proportion 
of  sodium  (0.44  g.).  Two  and  seventy-three  hundredths  grams  of  methyl 
iodide  were  then  added  and  the  solution  warmed  on  the  steam  bath  until 
neutral.  The  alcohol  weis  then  removed  by  evaporating  under  diminished 
pressure  aind'  the  residue  cooled,  when  this  p3aimidine  was  obtained  in 
the  form  of  prismatic  crystals.  It  was  purified  by  recrystallization  from 
ethyl  alcohol  and  separated  in  stout  well-developed  prisms  which  melted 
at  155**  to  a  dear  oil.  The  yidd  of  purified  material  was  2.8  g. 
Calc.  for  Ci4Hi40iN2S:  N,  10.22.    Found  (Kjeldahl):  10.51. 

HydrolyBifi  wttb  VydiocMotic  Acid. — One  gram  of  the  above  mercapto- 
pyrimidine  was  suspended  in  50  cc.  of  concentrated  hydrochloric  add  and 
the  add  boiled  for  about  one  hour.  A  dear  solution  was  obtained,  and 
suspended  in  the  liquid  were  globules  of  a  yellow  oil,  which  solidified  on' 
cooling.  This  was  identified  as  2,5^phenyl-i,4-dithiene  and  melted 
after  crystallization  from  alcohol  at  ii6-ii8*  to  a  yellow  oil.  The  add 
solution  was  evaporated  to  dryness  and  the  crystalline  residue  purified 
by  cr3rstanization  from  hot  water.  On  cooling  i  ,4-dimethyluradl  separated 
and  melted  at  259-262 *  to  an  oil.*  The  yidd  was  practically  quanti- 
tative. 

2-BeflZoylmeth3ibDiercapto-4-methyl-(Hefhoxypyrimidine  (X) .  —  This 
pyrimidine  was  formed  by  alkylation  of  2-benzoylmethylmercapto-4- 
iiiethyl-6-oxypyrimidine  (5  g.)  with  ethylbromide  (2.5  g.)  in  the 
presence  of  sodiumethylate  (0.44  g.  sodium  in  50  cc.  of  alcohol).  After 
cooling,  and  filtering  off  undissolved  sodium  bromide,  the  alcoholic  solu- 
tion was  then  concentrated  under  diminished  pressitfe.  This  p3rrimidine 
then  separated  as  flat  prisms.  It  was  purified  by  crystallization  from 
ethyl  acetate  and  separated  in  flat  prisms  containing  ethyl  acetate  of 
crystallization.    They  melted  at  83.5**  to  a  yellow  oil.    The  pyrimidine 

*  Decker  and  Becker,  Ann.,  395,  362  (1913)- 

*  Befarend  and  Dietrich,  Ibid.,  309,  268  (1899). 
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is  sparingly  soluble  in  benzene  and  ether,  and  extremely  soluble  in  akoU 
and  water.    Analysis  (Kjddahl): 

Calc.  for  (CijHieO«NiS)i.CH,CO,CjH,:  N,  8,43.    Pound  (KjddEOd):  8.22,  841. 

In  a  second  experiment  the  same  proportions  of  mercaptopyrknidiiK, 
ethylbromide  and  sodium  were  taken  as  above,  but  methyl  alcohol  was  used 
as  the  solvent  instead  of  ethyl  alcohol.  After  the  reaction  was  oomidetel 
the  excess  of  methyl  alcohol  and  ethyl  bromide  were  removed  by  evqxn-, 
ting  under  diminished  pressure  and  the  residue  then  triturated  with  etitfj 
when  the  pyrimidine  was  obtained  mixed  with  sodium  biomide.  It  «K| 
purified  for  analysis  by  crystallization  from  a  large  volume  of  petrokoK 
ether  and  separated  in  colorless,  prismatic  crystals  which  melted  i| 
86-88®  to  an  amber-colored  oil.  ^  The  yield  of  .crude  p3rrimidine  was  4 1^ 

Calc.  for  CiiHieOiNjS:  N,  9.72.    Found  (Kjddahl) :  9.64.  \ 

Hydrolysis  with  Hydrochloric  Acid. — One  gram  of  this  pyrimidiHi 
was  dissolved  in  25  cc.  of  concentrated  hydrochloric  add  and  the  sohitkft 
boiled  for  several  hours.  2,5-Diphenyl-i,4-diithiene  was  obtained 
usual  and  melted  at  1 16-1x8 ^  After  removal  of  the  dithiene  the 
filtrate  was  then  evaporated  to  dryness  and  the  residue  dissolved  ia 
water.  On  cooling  a  quantitative  yield  of  4-methyluradl  was 
It  was  free  from  sulfur  and  did  not  melt  below  280^.  i-Bthyl>4-: 
uracil^  melts  at  195**. 

Action  of  Benzylchloride  on  the  Sodinm  Salt  of  a-Bemoyimetlijtog'^ 
capto-4-methyl-6-ozypyrimidine. — ^The  sodium  salt  of  the  marcaptoJ 
pyrimidine  was  prepared  as  usual  by  dissolving  0.44  g.  of  sodioR 
in  50  cc.  of  absolute  alcohol  and  then  dissolving  5  g.  of  the  pyniaii' 
dine  in  this  solution.  Two  and  forty-four  hundredths  grams  of 
distiUed  benzylchloride  were  then  added  and  the  soluticm  heated 
the  steam  bath  for  3  hours,  when  the  reaction  was  compkte. 
imdissolved  sodium  chloride  was  then  separated  by  filtration 
the  alcohol  filtrate  concentrated  when  a  syrup  was  obtained,  wl 
partially  solidified  on  cooling  This  product  was  then  triturated 
ether  and  water  and  the  water  solution  finally  concentrated  Id  a 
small  volume  and  cooled.  After  standing  for  about  10-12  hours  tliil 
solution  finally  deposited  a  crystalline  substance,  which  was  very  soliifali 
in  water  and  alcohol.  It  was  identified  as  2'benaoyUnetkylmircapkh^ 
methyl '6'€thoxy pyrimidine  and  it  crystallized  from  ethylacetate  in  cfaanifr^ 
teristic  flat  prisms  melting  at  83.5^  to  a  yellow  oil.  A  mixture  of  tW 
substance  and  some  of  the  pure  ethoxypyrimidine  from  the  pfecedi^B^ 
experiment  melted  at  exactly  the  same  temperature.  We  obtained  n 
evidence  of  the  formation  of  a  benzyl  derivative. 

Calc.  for  (C«Hi«OjN,S)t.CH,COOCiH,:  N.  8.43.    Found  (Kjddahl):  8.15- 
^  Beilstein's  Handbuch,  i,  1351;  also  Tms  Journal,  4a,  109. 
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Alkylation  with  Benzylchloilde  in  MethTl  Alcohol  Solution.  2-Bon- 
iojlmis0ijlmtTcajfto*4'm9i^^  (XI). — ^This  meth- 

oxyp3rrtmidin€  was  obtained  by  alkylatipn  of  2-benzoylmethylmercapto-4- 
methy]-6  oxypjrrimidine  with  benzylchloride  in  methyl  alcohol  solution. 
The  following  proportions  were  used:  0.44  g.  of  sodium  dissolved  in  50  cc. 
of  methylalcohol,  5.0  g.  of  the  mercaptopyrimidine  and  2.44  g.  of 
benzylchloride.  The  manipulation  was  similar  to  that  described  in  the 
previous  experiment,  and  the  reaction  was  complete  after  digesting  on 
the  steam  bath  for  12  hours.  The  undissolved  sodium  chloride  was  then 
separated  by  filtration  and  the  alcohol  filtrate  concentrated,  under  dim- 
inished pressure,  to  a  volume  of  15  cc.  and  cooled.  The  methoxyp3rrimi- 
dine  then  separated  and  was  purified  by  washing  with  ether  and  finally 
crystallizing  from  ethylacetate.  It  sepamted  in  slender  needles,  which 
melted  at  143-4^  to  a  yellow  oil  without  decomposition.  The  yield 
was  3.5  g. 

Calc.  for  C14H14OSN1S:  N,  10.23.    Found  (Kjeklahl):  10.05. 

^ydxolyBi8  with  Hydrochloric  Acid. — One  gram  of  the  above  methoxy- 
pyrimidine  was  dissolved  in  25  cc.  of  concentrated  hydrochloric  add 
and  the  solution  boiled  for  2  hours.  2,5-Diphenyl-i,4-dithiene  was  obr 
tained  as  usual  and  melted  after  crystallizing  from  alcohol  at  116-117^ 
to  an  oil.  The  add  solution  was  concentrated  to  a  volume  of  about 
10  cc.  and  cooled  when  4-methyluracil  was  obtained.  We  obtained  no 
evidence  of  the  formation  of  a  benzoxypyrimidine  or  of  i-  and  3-benzyl-4- 
methyl-6-oxypyrimidines.  ^ 

Calc.  for  CAOkNt:  N,  33.22.  .Pound  (Kjddahl):  22.1. 

2-Benzoylmethylmercapto-4-methyl-6-methoxypyrimidine  is  not  con-» 
verted  into  its  corresponding  ethoxy  derivative  (above)  by  warming  with 
ethyl  alcohol.  It  was  recovered  unaltered,  and  melting  at  143^,  after, 
digesting  with  an  excess  of  ethyl  alcohol  for  5  hours. 

An  attempt  to  alkylate  2-benzoylmethylmercapto-4-methyl-6-oxy- 
pyrimidine  in  alcohol  solution  with  ethyl  chloroacetate  was  unsuccessful. 
The  sodium  salt  of  the  pyrimidine  was  prepared  by  dissolving  0.44  g. 
(rf  sodium  and  5.0  g.  of  the  mercaptopyrimidine,  respectively,  in  50  cc. 
of  absolute  alcohol  and  2.36  g.  of  ethyl  chloroacetate  then  added. 
After  digesting  at  100^  for  5  hours  the  solution  was  neutral  to  turmeric 
and  blue  litmus  and  sodium  chloride  had  deposited.  After  filtering 
cH  the  salt  the  solution  was  concentrated  and  cooled  when  we  obtained 
the  original  mercaptopyrimidine.  It  was  purified  by  reoystallization 
from  alcohol  and  separated  in  prismatic  oystals  mdting  at  165^  to  a 
clear  oil.    The  experiment  was  repeated  and  the  same  result  was  obtained. 

Calc.  for  CiiHuOiNiS:  N,  10.7.    Pound  (Kjddahl):  xo.44. 
N*w  Havsn.  Conn. 

^  Wheeler  and  McParland,  Tms  Journal,  4a,  loi. 
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STUDIES   ON   NITRATED   PROTEINS.   IV.     THE  IDEHTIFia* 
TION  OF  3-NITROTYROSINE  AMONG  THE  PRODUCTS 
OF  HYDROLYSIS  OF  NITRATED  FIBROIN. 

By  Trsat  B.  JoRNaoN. 
Received  August  20.  1915. 

In  19 1 2,  K.  Inouye^  made  the  interesting  observation  that,  if  sQk 
fibroin  is  first  nitrated  under  certain  conditions  and  then  subjected  to 
hydrolysis  with  sulfuric  acid,  nitrotyrosine  is  one  of  the  products  of  de- 
composition. The  cund  was  separated  from  the  other  products  of  hydrol- 
ysis by  precipitation  with  phosphotungstic  add,  and  melted,  according 
to  his  statement,  at  215-216°.  He  found  by  analysis  12.13  %  of 
nitrogen,  while  the  calculated  value  for  an  amino  acid  of  this  constitution 
is  12.38  %.  Prom  the  acid  filtrate  left  after  precipitation  of  this 
hydrolytic  product  he  was  able  to  separate  a  second  aminoacid  (?)  having 
a  higher  melting  point.  From  50  g.  of  fibroin  0.3  g.  of  this  sub- 
stance was  obtained  which  melted  at  233-234°.  This  product  gave  on 
anal3'sis  12.26%  nitrogen.  Inouye  beheved  that  his  first  product  melting 
at  215-216°  was  numonitrotyrosine  and  wrote  as  follows  regarding  the 
second  acid: 

** wich  hingegen  besQglich  des  Sdundzptudctes  von  dem  oben  erwdhntea 

Praparat  ah  und  war  atich  bedewtend  leichter  I6slich.     £s  ist  hiemach  wahrsdietnlicfa, 
dass  es  sich  um  unreines  Mononitrotyrosin  handelte." 

Inouye  was  unable  to  assign  a  definite  structural  formula  to  his  nitro- 
acid  because  the  structure  of  Strecker's  nitrotyrosine,^  which  is  prepared 
by  the  action  of  nitric  acid  on  tyrosine,  was  not  known  at  the  time  of 
publication  of  his  paper.  The  add  might  be  assigned  one  of  two  possible 
formulas  (I  and  II),  and  it  was  not  improbable  that  he  was  actually  dealing 
i\ith  both  modifications. 


NOi 
HO^|^^>CH,CH.  (NH,)COOH 

(I). 


NOs 


«o 


CH,CH.(NH,)COOH 

(II). 


Since  the  publication  of  this  paper  of  Inouye's  the  constitution  of  Strecker's 
add  has  been  estabUshed  by  Johnson  and  Kohmann'  and  it  was  therefoic 
of  the  greatest  importance  to  obtain  again  Inouye's  nitroadd  from  ni- 
trated fibroin  and  compare  it  with  the  synthetical  product.  This  has 
now  been  done,  and  in  this  paper  evidence  will  be  presented  which  has 
led  to  the  conclusion  that  Inouye's  acid  is  an  ortho-nitrophenol  combination 
corresponding  to  Formula  I. 

»  Z.  physiol.  Chetn.,  8x,  82  (1912). 

«  Ann.,  73,  70  (1850). 

»  This  Journal,  37,  1863  (1915)- 
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Johnson  and  Kohmann^  have  shown  that  tyrosine  undergoes  nitration, 
under  the  conditions  recommended  by  Strecker^  and  also  Stadeler,'  form- 
ing a  mixture  of  the  two  possible  isomers  represented  by  Formulas  I  and 
II.  The  ortko-mtro  compound  is  the  chief  product  of  the  reaction.  The 
presence  of  the  two  acids  was  shown  by  conversion  into  their  corresponding 
thiohydantoins,  which  we  succeeded  in  separating  by  fractional  crystalliza- 
tion. The  o-acid  was  observed  to  melt  at  231**  with  decomposition. 
Its  thiohydantoin  derivative  and  that  of  the  tn-acid  melted  at  238-242^ 
and  270**+,  respectively.    The  m-acid  (II)  has  not  been  synthesized. 

I  have  now  repeated  the  work  of  Inouye  and  find,  as  he  has  already 
Aown,  that  nitrotyrosine  is  formed  by  hydrolysis  of  a  nitrated  fibroin 
with  sulfuric  acid.  I  first  followed  his  directions  and  confirmed  his  ob- 
servation that  the  acid  is  precipitated  with  phosphotungstic  add.  J 
also  examined  the  filtrates  after  this  precipitation  and  succeeded  in  identi- 
fying nitrotyrosine.  Both  of  these  products  were  carefully  examined 
and  it  is  my  conclusion  that  they  are  identical.  In  other  words,  Inouye 
only  partially  precipitated  his  nitrotyrosine  with  phosphotungstic  acid. 
I  examined  very  carefully  the  adds  from  both  sources  and  found  them 
to  be  identical  with  respect  to  crystalline  habit,  solubility,  and  their 
melting  points.  Inouye's  work  was  repeated  with  slight  modifications 
in  details  of  manipulation,  and  here  again  only  one  nitroadd  was  obtained 
and  it  was  proven  by  analysis  to  be  a  nu?n^-nitrotyrosine.  I  obtained  no 
evidence  of  the  formation  of  more  than  one  modification,  nor  could  I 
detect  any  evidence  suggesting  that  a  dinitrotyrosine*  was  present  among 
the  hydrolytic  products. 

The  structure  of  the  nitrotyrosine  obtained  by  hydrolysis  of  Inouye's 
nitrated  fibroin  is  to  be  represented  by  Formula  I.  It  is  identical  with 
Johnson  and  Kohmann's  (Tf/Zto-nitroadd  prepared  from  t3n'osine  and 
forms  the  same  characteristic  hydrochloride. 

Its  structure  was  also  established  in  the  following  manner:  It  inter- 
acted with  ammonium  thiocyanate,  in  the  presence  of  acetic  anhydride, 
forming  a  hydantoin  combination  which  was  converted  into  2-thio-4- 
(3-nitro-4-hydroxybenzyl)-hydantoin  (III)  by  hydrolysis  with  hydro- 
chloric add.  This  hydantoin  was  identical  with  that  already  described 
by  Johnson  and  Kohmann.^  Both  compounds  mdted  at  238-240°  and 
a  mixture  of  the  two  melted  at  exactly  the  same  temperature. 


N0» 


CH,CH(NH,)COOH 

NQ»  +  NH^SCN  -h  (CH,CO)tO  — ►  CS 

(I).  I  ^^-^ 

» Loc,  cu.  (ra)-       ^-^ 

^  Ann.,  116,  77  (i860). 

'  Johnson  and  Kohmann,  Tms  Journal,  37,  2166  (19 15). 
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Inouye  states  that  his  nitroaci^i  which  was  precipitated  by  pho^dio- 
tungstic  add,  melted  at  215-216^  and  that  the  second  add  which  was 
isolated  from  the  filtrates  mdted  at  233-234^.  The  first  mdting  point 
is  too  low  and  the  latter  nearly  identical  with  that  of  the  synthetksl 
add.  Our  add  mdted  at  231°+  with  decomposition.  This  point  d 
decomposition,  however,  is  dependent  upon  the  rate  of  heating  and  it 
was  my  experience  that  the  mdting  point  could  be  raised  to  233-236° 
if  the  sulfuric  add  bath  was  heated  rapidly.  According  to  our  data 
Inouye's  second  product  (mdting  at  233-234^)  was  his  purest  add,  and 
his  analytical  results  confirm  such  a  condusion. 

Inouye's  observation  was  of  biochemical  importance  as  being  the  fizst 
experimental  evidence  in  support  of  the  assumption,  that  the  jdkm 
color  produced  in  the  Xanthoproteic  Reaction  iot  proteins  is  dqiendent 
in  part  on  the  fonnation  of  a  mono-nitrotyrosine  combination.  Prom  the 
results  of  this  investigation  we  are  therefore  able  to  ascribe  a  definite 
structtu^  formula  to  this  add.  The  aminoacid  tyrosine  and  tyrosim 
linked  in  the  protein  {fibroin)  are  attacked  in  a  similar  manner  when  ex- 
posed to  the  action  of  nitric  acid,  and  substitution  of  the  nitro  group  takes 
place  in  a  position  ortho  to  the  phenol  group. 

Whether  the  second  ortho  position  will  be  substituted  by  more  vigonxit 
txeatment  of  fibroin,  forming  a  dinitroprotdn,  remains  to  be  establisbed. 
Such  a  combination  should  give  on  hydrolysis  3,5-dinitrotyT06iQe  (IV) 
which  has  been  described  in  a  previous  paper  by  Johnson  and  KohmaiuLt 

NOi 

HO^^^CH,CH(NH,)COOH. 

NO,        (IV). 
The  study  of  nitrated  proteins  will  be  continued. 

Experimental  Part. 

Nitration  of  Fibroin. — In  this  investigation  I  used  the  purest  skdn 
silk.  It  was  nitrated  according  to  the  directions  given  by  Inouye^  and 
thoroughly  washed  with  water  and  dried  at  100^  to  a  constant  weight. 

Hydrolysis  of  Nitrated  Fibroin  with  Sulfuric  Add. — Fifty  gnms 
were  hydrolyzed  for  10  hotu-s  by  digesting  with  sulfuric  add  (100  g.  con- 
centrated add  diluted  with  180  g.  of  water),  and  the  sulfuric  add  tben 
exactly  predpitated  by  addition  of  barium  hydroxide.  After  filtering 
off  the  barium  sulfate  we  obtained  an  orange-colored  solution.  This 
was  then  concentrated,  by  evaporation  on  a  steam  bath,  to  a  vdmne  of 
175  cc.  and  the  latter  then  examined  for  nitrotyrosine. 

This  solution  was  acidified  with  sulfuric  add,  sufficient  reagent  being 
used  to  produce  approximately  a  5%  solution.     To  this  was  added  an  ex- 
cess of  phosphotimgstic  add,  when  a  gummy,  dirty  brown  predpitate  was 
^  Loc,  cit. 
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obtained.  Part  of  this  assumed  a  granulated  condition  while  the  re- 
mainder adhered  to  the  sides  of  the  precipitation  jar.  (This  solution  was 
saved.)  The  precipitate  was  washed  with  5  %  sulfuric  acid  and  finally 
decomposed  by  digesting  with  barium  hydroxide.  The  baritun  tungstate 
and  barium  sulfate  were  filtered  off  and  th^  filtrate  freed  from  barium 
by  precipitation  as  bariimi  carbonate.  The  salt  was  then  removed  by 
filtration  and  the  solution  concentrated  to  a  small  volume  and  the  last 
traces  of  barium  removed  by  adding  the  required  amount  of  sulfuric  acid. 
After  filtering  from  baritun  sulfate  this  solution  was  concentrated  to  a 
small  volume  and  allowed  to  stand  for  several  days  in  a  desiccator  over 
concentrated  sulfuric  add.  I  obtained  about  0.75  g.  of  material  here 
which  crystallized  in  the  form  of  bturs  or  rosets  of  small  crystals.  This 
gave  MUlon's  reaction,  when  applied  tmder  special  conditions,^  and  pos- 
sessed all  the  properties  of  nMmo-nitrotyrosine. 

The  acid  filtrate  left  behind  after  precipitation  with  phosphotungstic 
acid  (see  above)  was  combined  with  barium  hydroxide  to  precipitate  all 
the  sulfuric  add  and  excess  of  phosphotungstic  add.  The  barium  sulfate 
and  barium  phosphotungstate  were  then  filtered  off  and,  after  saturation 
with  carbon  dioxide  to  predpitate  barium  as  barium  carbonate,  the  re- 
sulting solution  finally  concentrated  to  a  volume  of  about  100  cc.  This 
was  orange-red  in  color  and  still  contained  barium.  It  was  diluted  with 
water  and  the  barium  predpitated  as  the  sulfate  by  adding  exactly  the 
required  amount  of  sulfuric  add.  The  solution  was  then  filtered  and 
allowed  to  evaporate  spontaneously  in  a  vacuum  over  concentrated 
sulfuric  add.  After  concentration  to  a  vcdtune  of  about  15  cc.  crystals 
b^pan  to  deposit.  About  1.5  g.  of  material  separated  here.  When  first 
crystallized  from  boiling  water  the  compound  separated  as  corpuscular 
crystals  which  were  colored  brown.  On  repeated  crystallization,  however, 
the  material  grew  lighter  in  color  and  finally  deposited  in  beautiful  lemon- 
yellow  rosets  or  burrs  of  small  needles  (or  slender  prisms).  These  oystals 
began  to  contract  at  22 1  ^,  when  heated  in  a  capillary  tube,  and  decomposed 
at  231^  with  violent  effervescence,  giving  a  black  residue.  This  de- 
composition point  could  be  raised  to  233-236^  by  rapid  heating.  Millon's 
test  was  positive  if  carefully  applied  and  the  compound  dissolved  in 

alkaline  solutions  with  an  intense  red  color.     It  was  dried  for  analysis 

3         4 

at  100®.  The  substance  was  identified  as  nitrotyrosine,  (NOj)(OH)- 
CeH,.CH,CH(NH,)COOH. 

Calc.  for  CtHifOiNi:  N,  12.3.    Found:  N,  12.14. 

Nitration  of  Fibroin  for  a  Second  Hydrolysis  Experiment. — One  hun- 
dred and  sixty-six  grams  of  the  purest  skein  silk  were  used  in  this  ex- 
periment.   This  was  suspended  in  4  liters  of  nitric  add  of  den^ty  1.12, 
'  Johnson  and  Kohmann,  Loc.  cU. 
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and  the  reaction  allowed  to  coatinue  at  ordinary  tempeFature  for  4& 
hours.  The  silk  had  then  turned  bright  yellow.  It  was  washed  ]«• 
peatedly  with  water  to  remove  every  trace  of  nitric  acid  and  finally  with 
95%  alcohol.  After  drying  thcnroughly  at  80-90^  the  weight  was  155-0^. 
Therefore  the  loss  by  the  treatment  applied  was  6.6%.  If  silk  noih 
had  been  used  for  the  nitration  instead  of  the  skein  silk  the  loss  in  weight 
would  have  been  much  greater.^ 

Hydrolysis  of  the  Nitrated  Fibroin. — ^Pour  hundred  and  sixty-two 
grams  of  concentrated  sulfuric  acid  were  diluted  with  792  cc.  of  water, 
and  the  nitrated  silk  hydrolysed  by  heating  with  this  diluted  add  at  125^ 
for  1 1  continuous  hotu^.  On  cooling  the  resulting  solution  a  Made,  in- 
soluble substance  was  obtained.  This  was  separated,  but  the  amount 
obtained  was  so  small  that  it  was  impossible  to  carefully  study  its  be- 
havior.  It  was  insoluble  in  water,  but  dissolved  at  once  in  aqueous 
ammonia  and  cold  sodium  hydroxide  solution,  forming  black  scdutinns 
which  were  not  decolorized  by  digestion  with  bone-<x)al.  On  adding  adds 
to  the  alkaline  solutions  the  melanine-like  substance  was  reprecipitated 
again  in  an  amorphous  condition.  It  possessed  no  definite  melting  point 
It  is  our  intention  to  take  up  again  the  study  of  this  peculiar  substance. 

The  filtered  solution  was  treated  as  usual  with  barium  hydroxide  to 
remove  all  the  sulfuric  add.  As  Ion;;  as  the  solution  was  add  it  was 
practically  colorless,  but  just  as  soon  as  the  add  was  completely  pre- 
dpitated  and  barium  hydroxide  was  added  in  excess  the  solution  assmiifd 
a  red  color  due  to  the  fcnmation  of  the  barium  salt  of  nitrotyrosine.  This 
change  was  very  characteristic.  After  filtering  from  barium  sulfate  the 
solution  was  concentrated  to  a  volume  of  145  cc.  and  having  the  con- 
sistency of  a  syrup.  This  was  then  allowed  to  stand  for  one  wedc  wfacs 
a  thick  magma  of  crystalline  material  was  obtained.  This  sufastuioe 
was  separated  from  the,s3Tupy  mother  liquor  by  filtration  and  then  dried 
at  80-90**.    The  weight  was  80  g. 

This  material  (80  g.)  was  dissolved  in  700  cc.  of  water  and  40  cc.  of 
concentrated  sulfiuic  add  added  to  the  solution.    This  add  sdntion 
was  then  treated  with  an  excess  of  phosphotungstic  add  when  we  ob- 
tained a  heavy  predpitate  of  the  phosphotungstate  of  nitrotyrosine. 
This  was  separated  by  filtration  and  finally  decomposed  in  the  usual 
manner  by  digesting  with  a  solution  of  barium  hydroxide.    The  prectpi* 
tate  was  filtered  oflF  and  the  excess  of  barium  then  removed  by  adding 
the  calculated  amount  of  sulfuric  add.    The  filtrate  from  the  barium 
sulfate  was  nearly  colorless,  but  turned  intensdy  red  when  made  alkaline. 
This  was  concentrated  to  a  volume  of  about  20  cc.  and  the  S3mipy  sofai- 
tion  mixed  with  2-3  times  its  volume  of  cold,  concentrated  h)rdrodiloric 
add.    The  hydrochloride  of  nitrotyrosine  separated  at  once  as  ydlow 
^  Johnson,  Hill  and  O'Hara,  This  Jouksal,  37,  2170  (1915). 
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needles.  The  last  dissolved  at  oace  in  water  but  was  reprecipitated  by 
saturating  the  solution  with  hydrochloric  acid.  This  salt  began  to  change 
color  at  about  220-221^  and  then  decomposed  with  violent  effervescence 
at  233-235**.     It  was  identified  as  the  hydrochloride  of  j-nitrotyrostne,^ 

HO^^^^CH,.CH(NH,)COOH.Ha. 

A  mixture  of  this  salt  with  that  prepared  from  pure  nitrot}rrosine  melted 
at  exactly  the  same  temperature.  The  salt  was  dried  for  analysis  by  heat- 
ing at  100  ^ 

Calc.  for  CfHiiO»NjCl:  N,  10.66.    Found:  N,  10.66. 

Conversion  of  s-Nitrotyrosine  from  Nitrated  Fibroin  into  Its  2-Thiohy- 
dantoin — ^2-Thio-4-(3-nitro*4-h7drozybenzyl)-hydantoin.^  —  Five-tenths 
of  a  gram  of  the  above  hydrochloride  was  dissolved  in  dilute  ammonia 
and  the  solution  evaporated  to  dryness  to  decompose  the  hydrochloride. 
The  dry  residue  was  then  dissolved  in  10  cc.  of  acetic  anhydride  with  0.7  g. 
of  anhydrous  ammonium  thiocyanate  and  the  mixture  heated  at  100^ 
for  one  hotir.  The  solution  was  finally  heated  for  a  few  minutes  to  its 
boiling  point.  After  this  treatment,  an  excess  of  dilute  hydrochloric 
acid  was  added  and  the  solution  evaporated  to  dryness  at  100^.  The 
residue  obtained  was  dissolved  in  fresh  hydrochloric  add  and  the  evapora- 
tion repeated.  On  tritiu-ating  the  residue  to  remove  ammonium  chloride 
I  obtained  the  thiohydantoin  insoluble  in  water.  It  was  also  insoluble 
in  alcohol  but  crystallized  from  boiling  glacial  acetic  add  in  the  form  of 
diamond-shaped  prisms.  The  substance  mdted  at  238-239^  with  effer- 
vescence, turning  red  before  decomposing.  Johnson  and  Kohmann' 
observed  that  the  thiohydantoin  of  3-nitrotyrosine  (synthetical  material) 
can  be  heated  to  242  °  before  it  will  decompose.  This,  however,  happens 
when  the  sulfuric  add  bath  is  heated  rapidly.  I  have  observed  variations 
of  5-^^  and  tmder  normal  conditions  it  usually  will  mdt  from  238-240^. 
A  mixture  of  Johnson  and  Kphmann's  thiohydantcnn  with  the  hydantoin 
prepared  from  the  nitrotyrosine  from  silk  mdted  at  238-239°.  The 
two  compotmds  therefore  were  identical  and  the  structure  of  my  hydantoin 
is  to  be  represented  by  the  following  formula: 

NH  — CO 


^  NO, 

NH  —  CH.CH,/^)>OH, 

Calc.  for  CioH»04NtS:  N,  1573.    Found:  N.  15.6. 
The  investigation  of  nitrated  protdns  will  be  continued. 

Nkw  Havsn,  Conn. 
^  Johnson  and  Kohmann,  Loc.  cit. 
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NOTES. 

The  Change  of  Ammonium  Isethionate  by  Heating. — The  two  authon 
who  have  investigated  the  change  which  occurs  on  heating  ammonimn 
isethionate  have  reached  very  different  conclusions.  Stiecker^  stats 
in  his  paper  that  ammonium  isethionate  (ammonium  hydrazyethji 
sulfonate)  will  change  to  taurine  with  the  loss  of  lo  to  12%  in  wei^t 
by  heating  at  220^,  according  to  the  following  formula: 

CHi  —  OH  CH,  —  NH, 


CH,  «-  CHi  +H^ 


aOi  — O  — NH4  SOi  — OH 

Carl,*  on  the  other  hand,  having  carried  out  his  experiment  in  exacdf 
the  same  manner  as  Strecker,  found  that  by  heating  7  hours  at  210-220^ 
ammonium  isethionate  is  converted  into  ammonium  diisethionate  and 
another  substance,  the  molecular  formula  of  which  is  CtHitSsNOr,  ac- 
companied by  the  loss  of  12%  in  weight.  The  change  is  as  foDows: 
CH,  — OH    HO  — CH«  CH,  — O  — CH. 

II  II 

CH,  +  CH,  »  CH,  C%         +EU> 

II  II 

NH4-O--SQ,  SOr-O— NH4    NH4— O-SO,  SOr-O— NH4 

HO— CH,  SOr-0— NH«    HO— CH,  S0,-O— NH* 

I  I  II 

CH,  +  CH,  -3  CH,  CHi  -fNHi  +  aO 

I  I  II 

80r-0— NH«    HO— CH,  sOi— O— CH, 

I  had  occasion  lately  to  synthesize  taurine,  and  after  oyflt«itit«|r  the 
literature  concerning  the  synthesis  of  this  compound,  Strecker's  method 
appeared  to  me  to  be  the  most  convenient.  I  tried  his  method  many  times 
but  did  not  succeed  in  obtaining  taurine.  After  many  trials  I  came  to 
the  conclusion  that  Strecker's  reaction  never  occurred  and  the  diaiige 
which  ammonium  isethionate  undergoes  by  heating  is  that  reported  bf 
Carl. 

In  conclusion,  the  author  wishes  to  express  his  thanks  to  Prof.  T.  B. 
Robertson  for  his  kind  advice  in  the  course  of  this  experiment. 

K.  MlYAXB. 
Ths  Rudolpb  QntmcMMUB  PBvsxoLoozcAt  Labosatoky 
or  TBS  Univbssxtv  or  Cauvobhia. 


On  the  Use  of  Trichloroacetic  Acid  as  a  Protein  Precipitant— In  a 
recent  paper,'  Kober  refers  to  "Greenwald's  discovery  of  trichloroaoedc 

*  Ann.  Chem.,  91,  97  (1854). 
«  Ber.,  la,  1604  (1879). 

*  Graves  and  Kober,  This  Joxtrnal,  37,  2445  (1915). 
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add  as  a  reagent  for  the  removal  of  blood  proteins."  The  writer 
makes  no  claim  to  any  such  discovery.  Trichloroacetic  acid  has  long  been 
used  as  a  protein  precipitant,  and  it  was  merely  appUed  to  a  specific 
purpose,  viz,,  the  removal  of  the  proteins  and  lipins  of  blood  in  order  to 
permit  of  the  determination  of  non-protein  nitrogen  in  the  filtrate.  The 
use  of  the  phrase  "Greenwald's  reagent"  is  without  justification. 

I.  Grqbnwau). 

HABXocAif  Rmsaxcr  Labokatort, 
RooMvsLT  HosnfAL,  Nsw  York. 
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The  First  Tear  of  Science.  By  John  C.  Hsssi^SR,  Ph.D.,  Professor  of  Chemistry, 
The  James  Mllliken  University,  Late  Instructor  in  the  University  of  Chicago  and 
in  the  Hyde  Park  High  School,  Chicago.  Boston:  1914.  Benjamin  H.  Sanborn  & 
Co.    ziii  +  4B4  PP* 

Labontoiy  Bzefdaas  of  **Tb»  FInt  Tear  of  Science.*'  By  the  same  author  and  pnb- 
lishers  (1915).    ix  +  nB  pp. 

In  his  very  interesting  preface  the  author  states  his  conviction  that 
while  Physics  and  Chemistry,  as  such,  should  not  be  given  in  the  first 
year  of  a  high  school  course,  some  knowledge  of  these  sciences  is  essential 
for  all  later  work  in  any  science,  and  that  the  simpler  principles  can  be 
given  in  a  course  in  General  Science.  Such  a  course  is  described  in  this 
booky  and  laboratory  exercises  are  provided  in  the  smaller  volume,  all 
of  which,  the  author  believes,  can  be  successfully  given  to  large  classes^ 
without  special  teachers,  or  expensive  laboratory  equipment.  The  book 
and  the  coturse  are  designed  to  "stimulate  uncommon  thinking  about 
common  things.'' 

There  are  twenty  chapters,  twelve  of  which  deal  essentially  with  the 
fundamental  principles  of  physics  and  chemistry,  and  their  appUcation 
to  common  affairs,  but  without  formulas,  symbols  or  equations.  The 
remaining  chapters  deal  with  such  topics  as  "Water,  Heat,  Air,  and  Light 
in  the  Home,"  "The  Weather,"  "Rocks  and  Soils,"  "Plants,"  "Animals," 
three  chapters  on  Physiology  (sufficient,  it  is  claimed,  to  constitute  by 
themselves  a  short  coiu'se  in  Physiology),  and  one  on  "Sanitation." 
The  text  proper  and  the  laboratory  manual  are  to  be  accompanied  by  a 
Teacher's  Handbook.  At  the  end  of  each  chapter  of  the  text  proper  there 
is  a  summary  of  the  leading  topics  of  the  chapter,  and  a  series  of  highly 
suggestive  questions.  The  Appendix  contains  a  series  of  useful  tables, 
and  there  is  a  Glossary. 

The  Laboratory  Manual  includes  one  hundred  and  seven  exercises, 
ranging  through  physics  and  chemistry  (as 'applied  to  common  affairs), 
weather  records,  tests  upon  rocks  and  soils,  growth  and  study  of  plants, 
studies  of  the  habits  of  the  earthworm,  mollusks,  and  insects,  and  some 
simple  physiological  tests.    The  greatest  pains  have  been  taken  to  sim- 
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plify  all  experimentation,  and  to  describe  utensils  which,  in  many  instances, 
can  be  made  and  used  in  the  home. 

This  text  is  crowded  with  facts,  interestingly  told,  which  should  serve  to 
''link  science  with  everyday  things,"  provided  only  that  there  are  not 
too  many  of  them  for  the  time  allotment.  The  author  presumably 
writes  from  experience,  and  a  selection  of  topics  on  the  part  of  any  teacfaer 
is  easy  without  a  break  in  continuity  of  instruction.  In  general,  the 
statements  are  clear,  and  sufficiently  acctu^te  in  a  scientific  sense  for  the 
purpose  of  the  course.  In  the  chapter  upon  sanitation,  however,  the  author 
has  permitted  himself  to  introduce  the  sensational  statements  and  iHiis- 
trations  of  the  press,  and  of  certain  agencies  which  feel  that  they  most 
over-state  dangers  in  order  to  attract  attention  to  them  at  all.  This 
chapter  seems  a  bit  out  of  line  with  the  rest  of  the  book,  and  there  is  at 
least  some  doubt  whether  the  entire  chapter  woidd  not  logically  lead  to 
a  condition  of  nervous  dread  on  the  part  of  the  young  reader,  rather  than 
to  sane  precaution  in  time  of  real  danger.  A  somewhat  similar  over- 
emphasis is  to  be  found  in  the  discussion  of  tobacco  and  alcohol,  bat  possi- 
bly to  good  purpose. 

Most  of  the  illustrations  specially  prepared  for  this  volimie  are  adnuraUe, 
but  the  cuts  borrowed  from  various  sources  often  lack  distinctness  and 
contain  too  much  detail.  It  is  a  pity  that  the  reader  shocdd  be  con- 
stantly forced  to  pay  tribute  to  the  loaners  of  these  cuts,  a  matter  in  winch 
he  has  no  real  interest. 

Every  teacher  of  science  will  find  much  of  interest  in  these  vdaaies, 
and  the  text  proper  may  well  be  heartily  recommended  to  the  general 
reader  who  desires  to  acquire  a  knowledge  of  science  as  applied  to  daily 
Ufe,  or  to  the  college  graduate  who  has  not  found  it  practicable  to  indode 
physical  sciences  in  his  course.  It  seems  to  be  one  of  the  best  books  of 
its  class  which  has  yet  appeared.  H.  P.  Talbot. 

Chemical  Calculationa,  By  R.  Harman  Asm^sv,  Ph.D.,  Assistant  Professor  of  Oiea* 
iatry  in  the  University  of  Maine.  New  York:  D.  VanNostrand  Company.  1913- 
13  X  19  cm.,  pp.  ix  +  276.     Price,  $2.00,  net. 

The  author  intends  this  book  to  follow,  more  closely  than  the  other 
similar  books,  the  needs  of  the  student  who  will  later  find  occupatiOB 
in  chemical  laboratory  work.  Thus,  while  the  usual  types  of  probknis 
of  the  beginners'  course  are  dealt  with,  some  space  is  also  devoted  to  sudi 
topics  as  Baiun^  and  Twaddell  scales,  analytical  factors,  formulas  of 
minerals,  titration  of  oleum,  '* mixed  acid,"  etc.;  and  some  articulatioa 
is  effected  with  the  tables  in  Van  Nostrand's  Chemical  Annual.  The 
poorly-trained  works  chemist  will  thus  undoubtedly  find  the  book  use 
ful. 

The  exposition  of  the  broader  principles  in  not  compeUingly  peOndd, 
but  the  book  contains  may  good  problems  and  exercises.    The  inaccum- 
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des  appear  about  normal  in  number  and  quality,  and  could  in  many  cases 
have  been  avoided  by  more  critical  proofreading.  The  price  of  the  book 
seems  high.  Alan  W.  C.  Mhnzihs. 

A  Course  in  QuantitatiTe  Chemical  Analysis,  Gravhnetric  and  Volumetric.  By 
Nicholas  Knight,  A.M.,  Ph.D.,  Professor  of  Chemistry,  Cornell  College.  Re- 
vised Edition.  New  York  and  Chicago:  The  A.  S.  Barnes  Co.  1915.  pp.  vii  + 
i53«     Price,  $1.25. 

This  little  book  consists  of  Part  I,  13  pages  on  general  procedures; 
Part  II,  56  pages  on  fifteen  gravimetric  exercises  involving  the  analysis 
of  five  pure  salts,  two  alloys,  seven  minerals  and  one  rock;  Part  III,  17 
pages  on  volumetric  analysis  including  sections  on  indicators,  general 
suggestions,  titrations  with  permanganate,  dichromate  and  silver  nitrate 
and  alkalimetry,  acidimetry  and  iodimetry;  Part  IV,  12  pages  on  water 
analysis  both  mineral  and  sanitary;  Part  V,  12  pages  of  appendix,  includ- 
ing reactions,  tables,  etc.,  and,  finally,  five  pages  of  index. 

It  is  seen  from  the  above  that  the  matter  in  this  book  is  very  concen- 
trated. Everything  is  sacrificed  to  condensation.  The  sentences  are 
short  and  nearly  all  cast  in  the  imperative  mode,  as  in  a  recipe.  To  save 
space,  the  author  goes  so  far  even  as  to  eliminate  two  of  the  dimensions 
<rf  space  for  he  frequently  writes  "centimeter"  when  he  means  ''cubic 
centimeter."  Howeyer,  barring  a  few  slips  like  the  above,  this  style  of 
writing  is  very  well  handled  and  the  short,  imperative  sentences  are  made 
to  flow  along  with  surprising  smoothness. 

So  much  is  left  to  be  imparted  by  personal  instruction  at  the  student's 
work  place  or  to  be  gathered  by  the  student  in  general  reading,  that  it  is 
difficult  to  criticize  the  sins  of  omission  in  the  book.  The  author  could 
with  justice  reply,  "I  give  all  that  in  my  talks,"  or  ''The  student  gets 
that  by  referring  to  larger  works  on  the  subject." 

It  is  after  all  a  matter  of  opinion.  The  reviewer  confesses  to  feeling 
that  since  the  beginner  must  be  tc4d  a  hundred  and  one  points  in  manipula- 
tion  and  be  warned  against  the  numerous  pitfalls  that  beset  his  path, 
then  why  not  arrange  this  matter  in  logical  order,  put  it  into  one's  best 
style,  print  it  and  give  it  to  the  student?  It  seems  foolish  to  do  other- 
wise than  to  anticipate  in  this  way  the  stock  blunders  of  beginners.  It 
conserves  the  time  of  the  instructor  which  can  then  be  more  profitably 
spent  in  quizzing. 

There  might  also  be  some  difference  of  opinion  as  to  the  choice  of  sam- 
ples for  analysis.  Pure  salts  and  selected  minerals  are  used  in  many 
cases  to  the  exclusion  of  more  interesting  commercial  products  that  would 
illustrate  the  same  principles. 

The  author  is  conservative  on  certain  points.  He  writes  "litre"  and 
"centimetre"  and  gives  the  Mohr  liter,  which  he  does  not  define  ac- 
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curatdy,  as  the  unit  of  measurement  in  volumetric  analysis.    The  Rsnhs 
of  water  analysis  are  also  reported  in  parts  per  100,000. 

C.  W.  Fouix 

Eiperiments  in  Organic  Chemistiy.    By  F.  J.  Moors,  Ph.D.    New  Tock:  Jcki 

Wiley  and  Sons.    Price,  $0  cents  net. 

This  is  the  second  edition  of  Professor  Moore's  laboratocy  manual 
and  accompanies  the  second  edition  of  his  "Outlines  of  Organic  Chemistiy.*' 
His  text  book  is  so  well  known  and  so  widely  used  that  the  manual  based 
upon  it  should  need  no  introduction  to  teachers  of  organic  cheadstiy. 
The  experimental  work  outlined  in  the  manual  is  supposed  to  occapf 
the  students'  time  during  fifteen  periods  of  three  hours  each.  The  m^bod 
of  presentation  of  the  subject  is  essentially  that  of  a  manual  d  generai 
chemistry.  The  object  is  to  acquaint  a  student  in  a  short  time  with  the 
characteristics  of  as  many  organic  compounds  as  possible.  The  directions 
are  concisely  and  clearly  written,  and  the  experiments  are  within  the  raqge 
of  equipment  of  the  most  meagerly  suppUed  laboratory.  If  a  teacher  is 
using  Professor  Moore's  "Outlines  of  Organic  Chemistry*'  as  a  text  book 
and  ha?  the  same  students  in  the  laboratory  the  manual  would  be  voy 
useful.  I/.  H.  CoNB. 

Practical  Physical  Chemistry.    Third  edition,  enlarged.    By  Ai«ex.  FnnjLAY.    Ncv 
York:    Longmans,  Green  and  Co.    Price,  $i.ao. 

This  book  was  written  primarily  for  students  of  chemistry  in  the  Uni* 
versity  of  Birmingham  and  the  experiments  were  selected  with  a  view  to 
assisting  the  general  chemistry  student  to  a  better  tmderstanding  of  the 
laws  of  physical  and  theoretical  chemistry. 

The  book  has  appealed  to  a  much  wider  circle  and  in  the  third  editka 
new  experimental  methods  and  chapters  have  been  added  as  well  as  ic^; 
erences  to  the  literattu-e  for  the  more  advanced  students.  It  is  to  W 
hoped  that  this  is  one  of  the  stages  in  the  development  of  this  bock  and 
that  we  will  shortly  have  a  text  comparable  to  the  Ostwald-Luther  Physkat; 
Chemistry  Measurements  or  the  K<Alrausch  "Leitfaden  der  Physik;'*; 
for  there  is  a  distinct  lack  of  such  a  text  in  the  English  language,  afltj 
perhaps  the  main  criticism  of  this  edition  is  that  it  has  not  been  very  c^ 
tensivdy  enlarged. 

Some  references  to  the  Uterature  have  been  added  to  give  an  idea  <i 
details  of  more  acctu'ate  meastu'ements.  These  are  not  intended  to  ta  | 
exhaustive  but  if  they  had  been  attached  to  the  paragraphs  concemcd j 
rather  than  at  the  end  of  chapters  and  without  indication  of  the  sabjeclj 
treated,  they  would  be  more  used  and  useful.  They  should  be  madfl 
fairly  complete. 

Under  vapor  densities,  the  method  first  described  by  Bleier  and  Kohfl, 
(Monatsk,  1899)  is  still  called  the  Lumsden  method.     It  mi^t  be  «dl; 
to  refer  to  this  method  as  the  constant  volume  method  and  the  Vktor 
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Meyer  method  as  the  constant  pressure  method.  It  is  possible  that  the 
Dumas  method  is  Uttle  used,  as  stated,  and  so  it  is  not  described.  This 
is  unfortunate,  if  true,  for  it  is  the  only  method  which  gives  reUable  re- 
sults with  substances  which  dissociate  and  with  sUght  modifications  it 
is  possible  to  determine  with  ease  and  accuracy  the  vapor  density  of 
acetic  add  and  phosphorous  pentachloride  at  different  temperatures.  Such 
work  is  important  for  beginners  as  a  foundation  for  later  studies  on 
equilibrium  and  dissociation  in  solution.  The  more  recent  methods  for 
vapor  densities  described  by  Blackman  and  Menzies  are  included,  as  well 
as  a  short  paragraph  on  the  analysis  of  binary  mixtures  by  the  applica- 
tion of  vapor  density  determinations. 

In  addition  to  the  regular  methods  for  molecular  weights  in  solutions, 
a  method  of  determining  directly  the  lowering  of  the  vapor  pressure  of 
the  solvent  as  described  by  Menzies  is  given. 

Under  conductivity,  determinations  of  the  solubiUty  of  sparingly 
soluble  salts  and  the  hydr(43rsis  of  salts  in  solution  are  described,  and  also 
exercises  on  the  solubility  of  gases  in  liquids  and  liquids  in  liquids.  The 
measurements  of  decomposition  and  ionic  discharge  potentials  are  taken 
tip  in  Chapter  XI.  The  construction  of  standard  cells  does  not  corre- 
spond to  modem  practice  and  is  no  simpler.  The  value  of  the  Weston 
standard  at  20®  is  given  as  1.086  instead  of  the  International  Conference 
value  of  1.0183.  Perhaps  the  difference  is  not  important  for  the  measure- 
ments contemplated,  but  the  value  should  be  correct  as  far  as  given. 

G.  A.  HutBTT. 

The  Chemistrj  of  Colloids,  and  Some  Technical  Applications.  By  W.  W.  Taylor^ 
Lecturer  in  Chemistry  at  the  University  of  Edinbm^.  vi  and  328  ppT.;  21  fifs. 
New  York:    Longmans,  Green  and  Co.    Price,  $2.00. 

The  author,  in  the  preface,  expresses  the  hope  that  this  book  "wiU 
meet  the  want  of  a  convenient  text-book  (in  English)  and  at  the  same 
time  serve  as  a  reference  book  for  workers  in  other  sciences."  The  sub- 
ject matter  is  divided  into  four  parts:  General  Properties,  Methods  of 
Preparation,  Adsorption,  and  Applications.  In  general  the  author  has 
followed  the  rule  of  giving  experimental  facts  and  data  first,  then  follow- 
ing with  a  brief  theoretical  discussion.  In  the  section  on  adsorption 
he  has  reversed  the  usual  order  and  introduced  the  subject  with  a  theoretical 
discussion  with  the  result  that  this  section  seems  notably  more  satis- 
factory, to  the  reviewer,  than  the  others.  The  working  through  of  long 
descriptions  of  experimental  facts,  without  the  liglbt  cast  upon  them  by 
a  theoretical  aspect  or  ''explanation"  may  be  desirable,  especially  in  the 
case  of  so  new  a  field  as  colloid  chemistry,  but  does  not  oMiduce  to  the 
reader's  obtaining  a  lasting  familiarity  with  the  matter  under  discussion. 

The  suggestion  and  use  of  the  terms  gelation  (instead  of  gelatinization) 
and  to  gelate  referring  to  the  formation  of  gels,  and  solation  and  to  solate 
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referring  in  the  same  way  to  sols,  giving  the  latter  a  broader  meaniiig 
than  peptization  should  properly  have,  seems  rather  happy. 

Although  the  treatment  is  at  times,  especially  in  the  theoretical  dis- 
cussions and  the  derivation  of  mathematical  formulae,  too  brief,  the  book 
is  on  the  whole  by  far  the  most  complete  and  satisfactory  that  we  have 
in  English.  Hhlbn  Isham  Mathiju 


A  Text-book  of  Dispenoidology  (Modem  CoUoidal  Chemistry),  in  RnaaiaiL  Br 
A.  Janbk.  Edited  by  K.  K.  Rikker,  Morskajor  St.,  Petrograd,  Russia.  Price,  Si  J5. 

A  short  systematic  course  of  Colloidal  Chemistry  for  chemists,  physi- 
cists, biologists  and  medical  students. 

The  book  contains  all  of  the  important  material  on  the  subject  (rf  Col- 
loidal Chemistry  very  careftdly  systematized,  with  many  references  and 
methods,    valuable    for   experimental    and    research    work. 

B.  R.  HoNOVSSL 

Publications  from  the  Jafferaon  Medical  College  and  HoapitaL    Voliiiiie  VI.    190  pp. 

Illustrated.    Philadelphia,  1915. 

Previous  volumes  have  comprised  reprints  only,  but  the  present  one 
consists  entirely  of  original  papers  that  have  not  been  and  will  not  be 
published  elsewhere.  Although  most  of  the  eighteen  papers  appcaiiq| 
in  this  volume  are  of  a  ptu^ly  medical  nature  those  listed  below  contak 
more  or  less  information  of  direct  interest  to  the  biological  chemist 

Osteitis  Deformans.  A  Report  of  Five  Cases  with  Complete  Metabo- 
lism Studies  in  Two  Instances  and  a  Review  of  the  Literature.  67  J. 
Chahners  DaCosta,  M.D.,  Elmer  H.  Funk,  M.D.,  Olaf  Bergeim,  Ph-D^ 
and  Philip  B.  Hawk,  Ph.D. 

Influence  of  Anesthesia  on  the  Liver.     By  John  Punke,  M.D. 

The  BfFect  of  an  Anesthetic  on  the  Liver.     By  Melvin  A.  Saykr,  M.D. 

Phenolsulphonephthalein  Injections  for  the  Estimation  of  Renal  Vtat^ 
tion.    By  Alvin  E;  Siegel,  M.D. 

A  Study  of  Living  Cells  on  Kinetic  and  Auxetic  Jellies.  By  J.  A. 
Roddy,  M.D.,  and  W.  D.  Baun.  E.  J.  CranS. 

A  Text-Book  of  Medical  Chemistry  and  Tozicolosy.  By  Jam^  W.  Houjind,  MJX 
Fourth  edition,  revised  and  enlarged.  678  pages,  illustrated.  Phikulelpfaia  ui 
London:  W.  B.  Saunders  Company.    Cloth,  $3.00. 

Earlier  editions  of  this  book  have  been  reviewed  in  the  Journal.  A  le* 
view  of  the  third  edition  is  found  in  Vol.  XXXIV,  p.  1435.  In  thiseditiot 
some  new  matter  has  been  added,  largely  in  the  direction  of  a  discusaioi 
of  recently  described  processes  in  urine  and  blood  analysis.  These  «i 
be  found  useful  by  the  classes  of  medical'  students  for  whom  the  book  il 
intended.  The  text  covers  the  usual  lines  included  under  the  geocfal 
subject  of  Medical  Chemistry.  J.  H.  Lokg 
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Since  the  publication  in  1908  of  J.  Stark's  first  comprehensive  paper 
"The  Valence  Theory  on  an  Electroatomic  Basis/'*  there  has  been  a 
constantly  growing  tendency  to  apply  this  theory  to  the  interpretation 
of  chemical  phenomena.  Pauly  and  Butler  have  used  it  to  explain  the 
reactivity  of  the  aldehyde  group,*  and  Ley  has  followed  many  of  its 
assumptions  in  his  interpretation  of  the  relation  existing  between  the 
color  and  constitution  of  organic  compounds.^  A  recent  treatise  by  Dr. 
Paul  Ruggli*  summarizes  the  later  developments  and  applications  of 
the  theory, 

Stark's  theory  attempts  to  solve  the  old  problem  of  valence  with  the 

assistance  of  the  new  views  regarding  the  atomic  nature  of  electricity. 

^  This  manuscript  was  submitted  to  Dr.  RuggU  and  he  has  kindly  suggested  some 
changes,  but  the  manuscript  with  his  revision  cannot  be  passed  by  the  censor  at  the 
present  time  and  Dr.  Ruggii  has  very  kindly  given  his  consent  to  publication  in  the 
present  form.  We  regret  very  much  that  his  emendations  cannot  be  secured  for  in* 
duston  in  the  review. 

*  Jahrb,  Radioakt.  und  Elea.,  5,  125  (1908). 

*  Ann,,  303,  254. 

*  "Parbe  und  Konstitution  bei  Organischen  Verbindungen/'  Leipzig,  191  z. 

*  "Die  Valenzhypothese  von  J.  Stark  von  Chemischen  Standpunkt/'  Stuttgart, 
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The  idea  of  applying  the  results  of  experiments  in  the  field  of  electridtj 
to  chemical  problems  is  not  new,  but  goes  back  to  Berzelius.  In  moie 
recent  times  it  finds  supporters  in  A.  Michael,  H.  KaufiFmann,  R.  Abcg^ 
W.  Nemst,  and  many  others,  although  it  must  be  added  that  these  names 
represent  a  very  wide  diversity  of  opinion.  Stark  seeks  to  avoid  aD 
distinctions  between  dualistic  and  unitary  views  by  ascribing  the  varia- 
tions (other  than  size,  etc.)  between  atoms  of  different  elements  to  a 
difference  in  the  electric  fields  of  force  on  the  outer  surfaces  of  the  atoms. 
According  to  the  theory,  metallic  elements  appear  positive  because  thdr 
atoms  easily  lose  negative  electrons,  but  the  same  theory  makes  possibk 
the  conception  of  molecules  formed  from  the  same  kind  of  atoms.  lo 
general,  the  hypothesis  possesses  the  advantage  of  being  expressed  in  a 
form  capable  of  being  put  to  experimental  proof,  and  has  been  ahtadj 
partially  verified. 

The  essentials  oi  the  electroatomic  theory  are  supplied  by  the  new 
physical  conception  of  the  g^reat  difference  in  volume  existing  between  the 
positive  and  negative  units  of  electricity,  and  by  the  extended  applicatiaa 
of  the  conception  of  lines  of  force.  The  latter  idea  has  been  applied 
already  to  chemistry  in  Thiele's  "Theory  of  Partial  Valency,"  and  has 
been  helpful  in  establishing  the  conception  of  the  divisibility  of  valence. 
The  theory  of  partial  valency  becomes  far  more  valuable  when  expressod 
in  terms  of  the  electroatomic  theory. 

The  work  of  Faraday,  Hdmhok,  and  others  hks  established  the  fact 
that  electricity  is  not  continuous,  but  has  an  atomic  structure  like  that 
of  matter.  In  1891,  J.  Stoney  suggested  the  name  electron  for  tUs 
"elementar-quantum."  As  a  result  of  experiments  by  Helmholz,  Nerast, 
and  Ramsay,  we  may  now  picture  a  negative  electron  as  corresponding 
roughly  in  size  to  a  monovalent  chemical  atom,  about  '/ism  the  size  of 
an  atom  of  hydrogen.  Similar  calculations  regarding  positive  electrical 
units  have  not  yet  been  successful,  and  indeed  a  positive  electron  may  not 
even  be  demonstrated  with  certainty.  Observations  up  to  the  present 
time  have  merely  seemed  to  indicate  that  the  mass  associated  with  a 
positive  unit  of  electricity  belongs  to  the  same  mathematical  order  as  tlie 
mass  of  chemical  atoms.  (W.  Wien,  J.  Stark,  J.  J.  Thomsen,  etc.)  This 
-disparity  in  sis^e  of  the  negative  and  the  positive  "elementar-quantum"  is 
emphasized  by  Stark.  Regarding  negative  electrons,  it  has  been  demon- 
strated further  that  they  may  be  separated  from  chemical  atoms  by  the 
-expenditure  of  chemical  energy,  and  that  the  remaining  atom  then  shows 
a  positive  charge. 

A  dose  study  by  chemists  and  physicists  of  the  association  of  atoms 
indicates  that  the  chemical  atoms  in  their  combinations  do  not  inter- 
penetrate, but  are  bound  together  mainly  by  their  outer  stufaces.  A 
conception  of  the  nature  of  the  mutual  union  of  atoms  to  form  molecnks 
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requires  an  investigation  of  the  structure  of  the  fields  of  force  existing 
on  the  outer  surfaces  of  the  atoms;  and  an  electroatomic  study  of  chemical 
action  shows  that  in,  or  on,  the  chemical  atom  positive  and  negative 
units  of  electricity  are  present  as  constituent  parts.  Physicists  have  even 
extended  these  conclusions  and  advance  the  h3rpothesis  that  the  chemical 
atom  is  built  up  of  positive  and  negative  units  of  electricity  and  of  nothing 
dse.  This  hypothesis  is  asstuned  here,  but  all  considerations  as  to  the 
umer  nature  of  the  atom  may,  for  the  purposes  of  the  present  theory,  be 
disregarded.  It  is  supposed  that  the  surface  of  a  chemical  atom  may  be 
adequately  represented  by  a  three  dimensional  arrangement  of  positive 
and  negative  electrical  charges.  If,  then,  the  great  difference  in  size 
between  the  fundamental  units  of  positive  and  negative  electricity  is 
considered,  the  surface  of  an  atom  must  be  pictured  as  made  up  of  ex- 
tended zones  or  spheres  (not  necessarily  spherical  in  shape)  of  positive 
electricity,  and  between  or  even  above  these  the  comparatively  small, 
point-like,  negative  electrons.  These  negative  electrons,  for  reasons 
which  will  follow,  are  to  be  regarded  as  valence  electrons.  Ptulher, 
since  the  structure  of  an  electric  field  is  usually  represented  by  the  course 
and  density  of  lines  of  force  which  originate  at  positive  charges  and  end 
at  equally  great  negative  charges,  we  must  imagine  a  system  of  lines  of 
force  radiating  in  all  directions  from  the  point-like  negative  electrons,, 
many  of  them  terminating  in  the  extended  positive  zones  on  the  atom. 

The  point-like  origin  and  the  diverging  course  of  the  lines  of  force  are 
important  facts  to  be  remembered  in  considering  the  union  between  one 
atom  and  another;  for  the  disparity  in  the  size  of  the  positive  and  negative 
tmits  of  electricity  must  be  regarded  as  the  determining  factor  in  establish- 
ing simple  relationships  between  atoms,  such  as  are  expressed,  for  ex-* 
ample,  in  the  fundamental  laws  of  chemistry. 

The  discrete  positive  units  of  electricity  situated  upon  the  surfaces 
of  the  atoms  must  not  be  regarded  as  consisting  of  tmiformly  charged 
positive  zones,  but  as  presenting  a  concentration  of  positive  electricity 
at  certain  points.  The  neutralizing  valence  electrons  are  bound  most 
strongly  at  these  points,  and  must  be  assigned,  therefore,  to  quite  definite 
positions  on  the  surface  of  the  atom.  If  they  are  pushed  from  these  to 
neighboring  places  on  the  surface,  a  definite  expenditure  of  energy  is 
necessary.  If  a  valence  electron  is  pushed  away  from  the  surface  of 
the  atom  to  a  very  great  distance  from  it,  much  more  energy  must  be 
employed.  The  maximal  amount  of  this  energy  measures  the  strength 
of  the  union  of  the  valence  electron  with  the  positive  sphere  of  its  own  atom, 
and  is  different  for  different  kinds  of  chemical  atoms.  Chemical  union 
between  two  atoms  results  because  some  of  the  lines  of  force  of  a  valence 
electron  are  detached  from  its  own  atom  by  the  approach  of  the  second 
atom,  and  become  attached  to  the  positive  spheres  of  this  atom.     In 
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SO  far  as  the  negative  electrons  lying  on  the  surface  of  the  atom 
those  functions  of  the  atom  for  which  chemists  have  evolved  tke  idea  cf 
valency,  they  may  be  called  valence  electrons.  In  terms  of  these  funda- 
mental conceptions,  it  is  now  possible  to  explain  a  great  variety  of  in- 
dividual phenomena. 

In  the  static  condition  the  resultant  of  all  the  lines  of  force  betweoi 
the  negative  electrons  and  the  positive  spheres  in  a  compound  is  zero, 
if  now  a  part  of  the  system  is  deflected  from  its  condition  of  equiUbrinm, 
energy  is  expended  against  the  electric  forces  and  these  forces  become 
active  as  a  function  of  this  deviation.  Electrical  potential  energy  is  in 
this  way  created.  It  reaches  the  maximum  when  the  individual  atoms 
of  the  compound  become  so  far  separated  that  the  electric  force  between 
them  becomes  very  small.  On  the  return  of  the  atoms  to  the  static 
arrangement  these  free  potential  energies,  computed  at  a  relatively  great 
distance,  are  changed  into  heat,  and  in  this  form  may  be  measured.  A 
definite  energy  value,  characteristic  of  every  compound,  viz.,  the  beat 
of  formation  of  that  compound,  may  be,  therefore,  referred  to  its  dissociated 
atoms.  This  potential  energy  is  a  minimum  in  a  chemical  compound 
in  the  static  condition.  If  the  same  number  of  chemical  atoms  is  cBfoltit 
of  arrangement  in  di£ferent  configurations  in  a  molecule,  isomeric  caor 
pounds  result,  and  in  such  cases  several  minima  are  possible.  The  most 
stable  isomer  has  a  configuration  which  represents  the  least  potentid 
energy.  The  heat  arising  from  chemical  action  may  be  regarded,  there- 
fore, as  of  electrical  origin. 

In  the  act  of  chemical  tmion  between  atoms,  the  negative  electron  of 
one  atom  approaches  the  positive  sphere  of  another  atom,  and  this  is 
attended  by  the  shortening  of  the  lines  of  force  in  the  immediate  neif^bor- 
hood  of  each  atom,  or,  in  general,  by  a  contraction  of  the  field  of  foite 
of  the  atoms.  It  therefore  follows  that  chemical  reactions  are  accompamel 
by  changes  in  volume.  This  is  corroborated  by  the  work  of  T.  W.  Richartf 
who  has  shown  experimentally  that  positive  heats  of  reaction  (exothermie 
reactions)  correspond  to  contractions  of  voltune. 

In  chemistry  it  is  customary  to  speak  of  the  saturation  or  union  d 
valencies.  In  terms  of  the  electroatomic  theory,  a  valence  dcctroa 
is  not  bound  by  another  valence  electron  but  by  a  positive  sphere.  Thof 
are  three  classes  of  valence  electrons :  unsaturated,  saturated,  and  partiaflr 
dissociated  ("gelockert")  valence  electrons.  If  a  negative  electron  is 
bound  only  to  the  positive  sphere  of  its  own  atom,  it  is  called  unsaturated, 
and  corresponds  to  an  unsattuated  valency  in  chemical  phraseokflr- 
Such  a  condition  is  represented  by  Fig.  I.  By  the  potential  cnciBrt 
V«,  of  an  unsaturated  valence  electron  is  to  be  understood  the  i«* 
done  when  the  electron  is'  removed  to  a  relatively  great  distance  btm 
*  Z.  physik.  Chem.,  4,  169,  597  (1902). 
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its  position  of  equilibrium  on  its  atom.  Unsaturated  valence  electrons 
may  appear  on  single  atoms  or  on  atoms  that  are  joined  to  other  atoms. 
In  the  latter  case  more  than  one  electron  must  be  present  on  each  atom. 
If  a  valence  electron  is  bound  by  its  lines  of  force  to  the  positive  sphere 
of  another  atom  as  well  as  to  its  own  atom,  it  is  called  saturated.  Such 
a  condition  is  represented  by  Pig.  II.    Prom  its  nattu-e,  a  saturated 


Fig.lL 


'■^-m? 


^:&:' ' 


valence  electron  appears  only  in  compounds.  By  the  potential  energy 
of  a  saturated  valence  electron,  Vg,  is  to  be  understood  the  work  done 
when  its  imion  with  the  positive  sphere  of  the  second  atom  is  dissolved 
and  the  two  atoms  separated  by  a  relatively  great  distance  from  each  other. 
H.  Kauffmann  has  expressed  this  relation  in  abbreviated  form^  by  the 
sjrmbols 


or 


where  A  and  B  represent  the  reacting  atoms.  The  conception  of  the 
third  dass,  partially  dissociated  valence  electrons,  offers  more  diffi- 
culty because  the  idea  is  new.  We  must  imagine  an  electron  that  is  not 
bound  to  a  second  atom,  yet  forced  away  from  its  own  atom.  This 
might  be  caused  by  repelling  forces,  due  to  the  approach  of  a  second 
atom.  Such  a  condition  is  represented  by  Pig.  III.  This  figure  shows 
schematically  a  compotmd,  consisting  of  three  divalent  atoms,  on  which 
are  present  three  saturated  valence  electrons,  £1,  Esi  E«  and  three  partially 
dissociated  valence  electrons,  E'l,  E'tt  E's.  By  the  potential  energy, 
Vo,  of  a  partially  dissociated  valence  electron  is  to  be  understood  the  work 
done  when  such  an  electron  is  removed  from  its  position  of  equilibrium 
with  relation  to  its  atom  to  a  relatively  great  distance  from  its  atom. 
It  follows  that  Vo  is  smaller  than  Vu.  The  unsaturated  and  the  partially 
dissociated  valence  electrons  may  be  separated  from  their  atoms  in  a 

>  ^hynk.  Z.,  9,  312  (1908). 


26i6 


DOROTHY  A.  HAHN  AMD  ICARY  E.  HOUIBS* 


compound  without  destroying  the  compound.    This  is  not  tnie  in  tk 
case  of  saturated  valence  electrons. 

A  valence  electron  bound  to  only  one  other  atom  besides  its  own  r{r> 
sents  a  condition  of  simple  saturation,  while  an  electron  bound  to  two  or 
more  other  atoms  represents  a  condition  of  multiple  saturation,  Simpk 
saturation  is  the  more  important  since  it  is  the  condition  prevailing  ii 
most  stable  compounds.  Under  such  circumstances  the  extended  positive 
sphere^of  an  atom,  A,  must  be  conceived  as  occup3ring  a  position  diredtf 

opposite  the  valence  dn- 

tron  of  an  atom,  6,  so 

that  the  positive  sphm 

^y^     /  of  A  receives  all  the  lines 

'"^^^O^C-   of  force  of  the  electna 

'^  that    radiate    from  the 

side  turned  away  from 

^  v-^  jr         its  own  atom.   The  near- 

y^^      ness  of  the  poative  and 

^^   negative  charges  in  sadi 

«  a  case  make  the  vahe 

f  Vg   of   saturation  voy 

high,  and  the  union  rf! 

the  two  atoms  is  verj 

\  stable.    The  doctrine  of 

/        I  valency  in  chemistiy  <k* 

,  ^    /        J   vdoped     from    datt 

J^^  \y       limited  to  this  simpW 


type  of  combination  be- 
tween  atoms.  The  de- 
velopment of  this  doctrine  has  been  attended  by  many  difficulties 
among  them  the  application  of  the  conception  to  molecular  coo* 
pounds.  In  terms  of  the  theory  of  valency  it  is  customary  to  spedc 
of    the    sattuation    of    valencies   and   to  represent  such   a  cooditiai 

schematically  by  a  straight  line,  thus  A ^B,  where  A  and  B  are  xbob^ 

valent  atoms.  In  terms  of  the  electroatomic  theory,  saturation  impSer 
the  union  of  an  electron  with  the  positive  sphere  of  another  atom  and  nnrf 
be  represented  schematically  by  a  system  of  double  lines  as  shown  ot 
p.  2615.  Such  a  conception  obviates  many  of  the  difficulties  of  the  older 
theory.  In  terms  of  it,  both  molecular  compounds  and  crystalline  font 
may  be  explained  readily  by  simply  extending  the  idea  of  multiple  satsn* 
tion.  Multiple  saturation  itself  has  not  been  carefully  studied  becadSt 
this  condition  in  its  very  nature  implies  great  instability.  Under  sb4 
circumstances  the  valence  electron  of  an  atom,  A,  must  be  imagined  ai 
occupying  a  position  opposite  two  positive  spheres  of  As  and  At,  so  that 
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its  lines  of  force  pass  simultaneously  to  the  two  atoms.  It  follows  that 
the  relatively  great  extension  of  the  positive  spheres  hinders  any  real 
prcndmity  of  the  positive  charges  to  the  electron  attracting  them.  The 
value  Vg  of  saturation  therefore  remains  small,  and  the  compound 
possesses  only  slight  stabiHty.  The  conception  of  multiple  satiu'ation 
may  be  extended  to  explain  molecular  compounds  by  supposing  that 
at  one  or  more  points  in  a  stable  molecule  some  of  the  lines  of  force,  emanat- 
ing from  saturated  valence  electrons  (x  from  positive  spheres,  may  pro- 
trude beyond  the  contour  of  the  molecule.  If,  now,  from  some  part  of  a 
second  like  or  unlike  molecule  similar  lines  of  force  protrude,  combination 
between  molecules  might  result,  the  positive  part  of  one  molecule  taking 
a  position  opposite  the  negative  part  of  another  and  an  electrical  union 
taking  place.  Since  only  a  very  small  fraction  of  the  lines  of  force  of  a 
saturated  valence  electron  may  be  imagined  as  expended  in  this  way, 
the  resulting  attraction  of  the  two  molecules  wiU  be  slight.  The  difference 
between  molecular  compounds  and  crystalline  structure  is  one  only  of 
degree.  If  electric  fields  of  force  exist  on  the  surfaces  of  molecules  as 
well  as  on  the  surfaces  of  the  atoms,  it  may  be  conceived  that,  under  the 
influence  of  these  outer  fields  of  electricity,  adjacent  molecules  will  sedc 
to  orientate  in  such  a  way  that  the  negative  and  positive  parts  of  one 
molecule  shall  lie  opposite  the  positive  and  negative  parts  of  another. 
If  these  forces  of  orientation  overbalance  in  magnitude  the  energy  of  the 
thermic  movements  of  the  molecules,  there  will  be  established  a  regular 
arrangement  in  the  aggregate  of  molecules,  that  is  to  say,  crystalline  form. 
In  the  restricted  orientation  of  positive  and  negative  spheres,  within  or 
outside  the  contour  of  the  molecule,  may  be  found  the  explanation  of 
varied  phencMnena — among  them  the  phenomena  of  tension  in  Baeyer's 
sense,  and  the  phenomena  of  steric  hindrance. 

Electrical  dissociation  in  metals,  gases,  and  in  solution  is  readily  inter-^ 
preted  in  terms  of  the  dectroatomic  theory.  It  is  necessary  to  distinguish' 
between  the  movement  of  ions  in  solution,  of  electrons  in  metals,  and  of 
ions  and  electrons  in  gases.  In  all  of  these  cases  conceptions  are  vague 
regarding  the  process  and  the  whole  matter  needs  the  closest  study  by 
both  physicists  and  chemists.  Ions  may  be  defined  as  free  moving  fun- 
damental units  of  electricity  arising  from  the  separation  of  electrons 
from  the  positive  spheres  of  their  atoms.  In  metallic  dissociation,  e.  g., 
an  unsaturated  or  partially  dissociated  valence  electron  becomes  detached 
from  its  atom,  the  residual  atom  either  being  isolated  or  remaining  united 
to  other  atoms  in  a  molecule.  The  dissociated  electron  may  remain  by 
itself  or  may  attract  to  it  an  electrically  neutral  atom  or  molecule.  The 
ease  with  which  dissociation  takes  place  depends  upon  the  relative  values 
of  Vm  and  Vo .  If  Vu  is  small  as  compared  with  Vo  then  even  at  ordinary 
temperatures  the  thermic  energy  may  be  sufficient  to  cause  the  dissocia- 
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tion  of  partially  dissociated  valence  dectroas.  Equilibrium  betwccD 
the  dissociated  and  undissodated  phases  depends  upon  the  absolute 
temperature  and  upon  the  relation  of  Yu  to  Vo,  the  value  Vo  being  a 
constitutive  property  of  a  compound.  In  this  connection  it  is  interestng 
to  note  that  sattouted  compounds  of  carbon  and  hydrogen,  t.  e.,  the 
methane  and  terpene  derivatives,  show  only  sUght  electrical  dissnriatinB 
even  at  500°,  while  benzene,  naphthalene,  and  anthracene,  to  which 
on  spectro-analytic  grounds  partially  dissociated  valence  efectrans  oe 
assigned,  show  a  measurable  conductivity,  increasing  rapidly  with  in- 
crease in  temperature.  This  dissociation  is  evidently  of  the  same  cbarartrr 
as  that  which  takes  place  in  metals.  Liquid  mercury,  e.  g.,  sfaofws& 
noticeable  electrical  dissociation.  It  may  be  therefore  multiatomic,  with 
partially  dissociated  valence  electrons.  Amorphous  carbon  shows  efectxiot 
dissociation  while  the  diamond  does  not,  from  which  we  mi^t  infer 
the  presence  in  the  former  of  partially  dissociated  valence  dectrooi 
It  may  be  added  that  the  heat  of  combustion  of  amorphous  caiixn  is 
greater  than  that  of  the  diamond. 

In  electrolytic  dissociation  it  is  supposed  that  the  dissociating  electrat 
becomes  bound  to  another  atom.  Ions  thus  arise,  differing  as  to  cfaesual 
mass.  Their  ordered  movements,  under  the  influence  of  the  dectik 
current,  give  rise  to  the  phenomena  of  electrolysis.  In  the  case  of  fioei 
salts,  it  is  possible  that  dissociation  limits  itself  in  the  sense  that  the  ekc- 
tron  of  the  metallic  radical,  which  is  attached  also  to  the  metalloid  ladicil, 
becomes  detached  only  from  the  former  without  disturbing  the  intego^ 
of  the  molecule  as  a  whole.  This  might  happen  as  a  result  scdely  ctf  thoM 
movements.  In  the  case  of  dissociation  in  solution,  it  is  jvobable  tM 
the  molecule  is  broken  down,  and  at  the  same  time  the  dectron  of  a  metafifi 
radical  becomes  separated  from  its  own  radical  and  attached  to  the  metrf^ 
loid.  Although  the  reason  for  this  is  found  in  the  fact  that  diff< 
chemical  atoms  bind  their  electrons  with  different  degrees  of  force,  it 
probable  that  in  the  case  of  electrolytes  in  solution,  other  factors 
thermic  movements  within  the  molecule  are  responsible  for  the 
It  is  likely  that  the  molecules  of  the  solvent  enter  into  reactions  with 
components  of  the  electrolytes.  An  ion  in  this  case  represents  a 
plex  formed  by  components  of  the  dissolved  molecule  and 
of  the  solvent  and  may  be  imagined  as  built  up  in  much  the  same  w0 
as  molecular  compounds. 

The  appUcation  of  the  electroatomic  theory  to  phenomena  in  the 
of  light  is  especially  interesting,  because  many  of  the  deductioits 
theory  are  here  capable  of  experimental  verification.    As  is  wdl 
a  substance  is  colored  if  it  absorbs  light  of  wave  lengths  within  the 
of  the  visible  spectrum.    The  light  emitted  by  a  colored  body  maf  hi 
analyzed  by  means  of  a  prism  and  an  absorption  spectrum  may  be  ob^ 
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tained  which  is  characteristic  of  the  particular  substance,  and  intimately 
dependent  upon  its  molecular  constitution.  Since  many  colorless  bodies 
show  light  absorption  in  the  ultraviolet  and  the  ultrared,  the  photo- 
graphic plate  and  other  devices  have  been  employed,  and  the  absorption 
spectra  of  countless  chemical  compounds  have  been  accurately  determined. 
The  application  of  these  results  to  the  determination  of  the  molecular 
constitution  of  chemical  compounds  has  been  receiving  greater  and  greater 
attention,  especially  in  the  field  of  organic  chemistry,  and  the  question 
which  has  arisen  as  to  the  cause  of  the  emission  and  absorption  of  light 
has  thtis  come  to  be  of  increasing  importance.  The  theory  of  the  electro- 
magnetic origin  of  light  is  at  present  generally  accepted,  and  Stark  merely 
extends  this  idea  when  he  says  that  the  source  of  the  emission  and  ab- 
sorption of  light  lies  in  the  electrons.  As  a  result  of  extended  experiment 
it  seems  probable  that  the  line  spectra  of  the  gaseous  elements  proceed 
from  positive  electrical  spheres,  while  the  band  spectra  originate  in  the 
movement  of  negative  valence  electrons  relative  to  their  atoms.  The 
applications  of  this  conception  in  investigations  of  the  2^man  effect 
are  interesting.  Most  striking,  however,  is  the  application  of  the  theory 
to'  the  quantitative  determination  of  the  position  of  the  band  spectra 
emanating  from  (a)  tmsattUBted,  (b)  saturated,  and  (c)  partially  dissociated 
valence  electrons. 

(a)  Stark  calculates  the  value  of  the  potential  energy  Vu  of  unsaturated 
valence  electrons  as  the  product  of  the  electric  charge  and  the  ionization 
tension.  Taking  the  ionization  tension  as  30  volts,  this  would  bring 
the  lower  limit  for  band  spectra  of  metalloids  into  the  region  of  the  im- 
penetrable ultraviolet,  X  »  0.06/1.  Recent  investigations,  however, 
seem  to  show  an  agreement  even  among  metalloids  of  an  ionization  tension 
of  6  to  II  volts,  which  brings  the  band  spectra  of  unsaturated  valence 
electrons  into  the  region  of  the  ultraviolet.  In  harmony  with  these  de- 
ductions from  theory,  W.  Steubing  has  found  examples  of  band  spectra 
in  the  ultraviolet  in  the  case  of  mercury  vapor^  and  also  of  monatomic 
oxygen*^ 

(b)  The  agreement  between  fact  and  theory  is  even  more  remarkable, 
when  methods  for  determining  the  position  of  the  absorption  bands  of 
saturated  valence  electrons  are  considered.  If  the  heat  of  formation  of 
a  simple  chemical  compound  has  been  experimentally  determined,  it 
is  possible  to  find  the  minimal  wave  lengths  of  the  absorption  bands  of 
the  substance  by  the  application  of  Planck's  law.  Significant  calculations 
have  been  made  in  the  cases  of  carbon  dioxide  and  water.  If  e  equals 
the  changed  kinetic  energy  of  an  electron;  c,  the  velocity  of  light;  X,  the 
wave  length  of  the  emitted  radiation,  then,  according  to  the  fundamental 

*  Physik,  Z.,  zo,  787  (1909). 

*  Ann,  Physik,,  33,  553  (1910). 
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relation  discovered  by  Planck,  e  ■■  -^^ r =  ^^ .*    H 

A  A 

the  quantity  of  energy  capable  of  being  transformed  into  light  is  knomu 
a  minimal  vahie  may  be  calculated  for  the  emitted  wave  lengths.  Since 
the  emission  of  band  spectra  takes  place  as  the  result  of  the  fapt  that  tk 
potential  energy  Vm,  Vg,  Vo,  of  an  tmsaturated,  saturated,  or  partiaDjr 
dissociated  valence  electron,  is  changed  into  radiant  energy  on  the  r^ 
attachment  of  the  electron  to  the  atom,  the  value  V(Vii,  V^  or  Vo)  mj 
be  substituted  for  the  value  e  in  the  equation.  But  since  V^  equals 
the  maximal  value  of  potential  energy  which  is  never  completely  trans- 
formed into  light,  the  value  actually  substituted  will  be  smaller  than  V 
and,  therefore,  the  true  value  of  X  will  be  greater  than  calculated.  la 
•other  words  the  observed  wave  lengths  should  always  be  greater  («.  f., 
lie  nearer  the  red)  than  the  wave  lengths  calculated,  and  the  truth  of 
this .  has  been  experimentally  demonstrated. 

Carbon  dioxide  may  be  regarded  as  a  saturated  compound.  It  mnst 
then  be  assumed  that  in  the  carbon  dioxide  molecule  the  four  n^ativc 
-valence  electrons  of  carbon  are  saturated  by  the  positive  zones  of  oxygen, 
and  the  two  pairs  of  valence  electrons  of  oxygen  are  saturated  by  the  poa- 
tive  zones  of  carbon.  Bight  saturated  valence  electrons  are  therefoie 
present  in  a  molecule  of  carbon  dioxide.  The  molecular  heat  of  formatioB 
of  the  substance  from  isolated  atoms  is  represented  by  the  energy 
■4n(Vg^  +  Vg^),  where  n  equals  the  number  of  molecules.  For  the  giaa 
molecule  it  amounts  to  161660  gram  calories;  for,  according  to  J.  Thomaen,' 
the  heat  of  combustion  of  isolated  carbon  equals  135340  and  the  beat  of 
iormation  ot  the  oxygen  molecule  equals  26320  gram  calories.  If,  oov, 
the  eight  unions  are  assumed  to  be  equivalent  in  value,  it  fcdlows  that 
fiVg  a  20207  gram  calories,  »  20207  X  4.2  X  10'  ergs  per  gram  molecDk. 
And  since  a  gram  molecule  at  zero  degrees  and  760  mm.  pressure  oontaini 

^  =  1/1,2  X  10"" molecules, X  « "- «=  1.93X 

20207  X  4-2  X  lo'  X  1.2  X  10"" 

10"^  cm.  =s  I.93M-  Experimental  investigation  shows  that  carbon  dioxide 
possesses  band  spectra,  the  bands  shading  toward  longer  wave  lengths» 
and  the  edges  of  the  bands  having  wave  lengths  X  «  2.6,  X  »  4.3,  X  « 
1 2. 5-1  6m*  When  it  is  remembered  that  according  to  Planck's  law  oolf 
a  theoretical  lower  limit  for  the  position  of  band  spectra  may  be  calculated, 
and  that  in  reality  band  spectra  must  lie  considerably  above  this  theo- 
retical limit, — ^the  agreement  between  the  observed  and  calculated  values 
is  indeed  remarkable.  A  similar  agreement  exists  between  the  theoivtical 
and  observed  values  for  the  position  of  the  absorption  bands  of  walier. 
And  since  it  is  probable  that  the  valence  electrons  contained  in  water 

»  Physik.  Z..  9,  88  (1908). 

•  Thermochem,  Untersuch.,  IV,  pp.  257,  316. 
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have  the  greatest  energy  of  combination  possible  for  saturated  valence 
electrons  in  any  compound  (X  »  0.73^)1  it  may  be  suspected  that  all 
band  spectra  of  saturated  valence  electrons  lie  above  the  wave  lengths 
X  ^  0.5 /i,  that  is  to  say,  in  the  ultrared.  If  a  chemical  compound,  there- 
fore, possesses  a  band  spectra  under  X  »  0.5  m»  the  presence  of  valence 
electrons  other  than  saturated  ones  may  be  inferred. 

In  the  case  of  saturated  valence  electrons  Stark  distinguishes  between 
the  bands  of  total  and  partial  valence  fields.  The  bands  of  a  total  valence 
field  correspond  to  the  rotation  of  the  electron  as  determined  by  its  position 
in  the  molecule  relative  to  the  positive  zones  of  its  own  and  another 
atom.  Such  bands  are  of  short  wave  length,  and  lie  for  the  most  part  in 
the  ultraviolet  spectrum.  The  bands  of  a  partial  valence  field  correspond 
to  the  rotation  of  the  electron  together  with  its  atom,  relative  to  another 
atom.  Such  bands  are  of  long  wave  length  and  lie  in  the  ultrared.  It 
must  be  remembered  that  it  is  the  acceleration  of  an  electron  at  certain 
points  in  its  sphere  of  rotation,  that  has  as  its  result  the  emission  of  electro- 
magnetic waves,  in  that  the  kinetic  energy  of  the  moving  electron  is  changed 
into  radiant  energy.  In  order  to  avoid  misunderstanding,  attention  is 
expressly  called  to  the  fact  that  the  band  spectra  of  saturated  valence 
electrons  are  a  constitutive  property  of  the  molecule.  The  band  spectra 
of  the  same  valence  electrons  of  a  given  atom  are,  therefore,  different 
in  different  chemical  compounds;  and  this  may  be  true  even  if  the  electrons 
are  bound  in  these  different  compounds  to  the  same  kind  of  atoms.  If 
the  energy  Vg  of  union  is  a  constitutive  property  and  dependent  upon 
the  configuration  of  the  molecule,  it  follows  that  the  heat  of  formation 
or  the  heat  of  combustion  is  also  a  constitutive  property.  This  has  been 
shown  to  be  the  case  in  a  great  number  of  instances — as;  for  example, 
the  heat  of  combustion  of  propylene  equals  492700  gram  calories,  and 
that  of  its  isomer,  trimethylene,  equals  499400  gram  calories.  If,  in  a 
series  of  different  compounds,  the  homologous  combinations  of  the  satu- 
rated valence  electrons  present  in  them  are  of  equal  energy  values,  it  follows 
that  the  ultrared  absorption  spectra  of  these  substances  are  identical. 
Experimental  proof  of  this  is  given  by  J.  Thomsen,  who  shows  that  the 
heats  of  formation  of  ethane,  propane,  butane,  etc.,  are  compounded 
additively  of  the  combinations  H  •« — ►  C  and  C  < — ►  C;  and  by  W. 
W.  Coblenz,  who  shows  that  the  ultrared  absorption  spectra  of  hexane, 
octane,  dodecane,  tetracosane,  etc.,  are  identical.  In  the  position  of 
the  principal  bands,  ethane  and  butane  agree  with  them. 

(c)  It  is  not  possible  as  yet  to  make  quantitative  determinations  re- 
garding the  spectra  of  partially  dissociated  valence  electrons.  It  may, 
however,  be  said  in  general  that  the  potential  energy  of  partially  dissociated 
valence  electrons,  V©,  is  less  than  the  potential  energy  of  unsaturated 
valence  electrons,  Vm;  and  that,  therefore,  the  band  spectra  of  the  former 
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should  lie  above  greater  minimal  wave  lengths  than  those  of  the  latter. 
If  the  work  done  on  the  valence  electron  in  changing  it  into  a  pardallj 
dissociated  valence  electron  is  equal  to  a  Wu,  where  a  signifies  a  number 
less  than  unity,  then  V©  =  V«  (i  —  a),  and  accordingly  a  may  be  called 
the  coefficient  of  the  partial  dissociation  of  an  electron.    Pram  this  it 
appears  that  the  band  spectra  of  partially  dissociated  valence  dectroos 
are  pushed  further  towards  the  ultrared,  the  greater  the  value  of  the  co- 
efficient a.    Since  band  spectra  of  saturated  valence  electrons  lie  aboft 
X  =  0.5  M>  the  presence  of  partially  dissociated  valence  electrons  must  be ' 
suspected  in  the  molecule  if  a  substance  possesses  a  band  spectra  under 
X  =  0.5  A,  and  if  the  substance  is  not  known  to  be  unsaturated.    For 
example,  benzene  is  a  substance  which  according  to  Stark  contains  par- 
tially dissociated  valence  electrons,  since  its  absorption  bands  have  thev 
•edges  at  X  =  0.233,  X  =  0.268.    According  to  the  electroatomic  theory 
these  bands  should  not  be  ascribed  to  the  saturated  valence  dectroos 
which  imite  C  with  C,  and  H  with  C,  thereby  holding  together  the  paiti 
of  the  molecule.    If  the  symbol  .-.  represents  the  union  of  two  atoms 

by  means  of  sattu^ted  valence  dectrons,  and  the  symbol  o  rcpce- 

sents  a  partially  dissociated  valence  dectron,  then  on  spectro-anafytie 
grounds  the  following  configurations  may  be  assigned  to  the  benzcae 
molecule.    The  configuration  of  Pig.  IV  is  open  to  the  objection  that  o 


H 


the  case  of  ortho-  and  meta-substitution  products  of  unUke  groups  optksf 
isomers  are  expected.  These  have  been  long  sought  and  never  found. 
Kauffmann^  meets  this  objection  by  the  configuration  represented 
Fig.  V,  which  suggests  at  the  same  time  the  formtda  advanced  by 
for  benzene  on  the  basis  of  purely  chemical  investigations.  By  sul 
tution  or  condensation  the  ultraviolet  absorption  bands  of  benzene 
pushed  in  the  direction  of  the  red,  and  this,  in  harmony  with  the  thcoTf 

»  Fhysih,  Z.,  9,  318  (1908). 
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signifies  a  decrease  in  the  potential  energy  of  the  partially  dissociated 
valence  electrons,  or  an  increase  in  the  coefficient  of  dissociation.  If 
benzene  is  changed  into  hexahydrobenzene  by  the  addition  of  hydrogen, 
the  partially  dissociated  valence  electrons  become  saturated  valence 
electrons.  As  is  to  be  expected,  the  characteristic  bands  in  ultraviolet 
vanish,  and  absorption  is  limited  to  the  ultrared. 

The  treatment  of  the  chromophore  theory  and  the  theory  of  fluorescence 
from  the  standpoint  of  the  dectroatomic  theory  is  very  important,  but 
can  be  suggested  here  only  in  outline.  As  is  well  known,  the  color  in 
colored  bodies  is  dependent  upon  the  presence  in  the  molecule  of  certain 
groups  called  chromophores.  These  groups  are  very  reactive  and  are 
characterized  by  the  properties  of  unsaturation.  In  terms  of  the  present 
theory,  they  may  be  defined  as  groups  that  contain  at  least  two  multi- 
valent atoms,  each  possessing  a  partially  dissociated  valence  electron. 
Since  the  band  spectra  of  such  electrons  lie  in  the  visible  or  ultraviolet 
portion  of  the  spectrum,  color,  in  the  larger  significance  of  the  term, 
must  be  associated  with  these  groups;  and  in  this  sense,  the  benzene  ring, 
because  of  its  absorption  in  the  ultraviolet,  must  be  regarded  as  a  chromo- 
phore as  A.  von  Baeyer  has  shown.  ^  The  electroatomic  configuration 
for  benzene  has  been  given:  a  few  configurations  for  other  chromophore 
groups  follow: 

t  t  t 

A     i  i     A  A    A 

Azo  group.  Carbonyl  group.  Ethylene  group. 

The  ethylene  grouping  is  particularly  interesting  because  the  carbon 
atoms  are  not  conceived  to  be  joined  by  a  double  band,  but  by  means  of  a 
saturated  valence  electron.  The  presence  of  a  partially  dissociated  valence 
electron  on  each  carbon  atom  conditions  the  reactivity  of  the  group. 
Increase  in  dissociation  of  valence  electrons  increases  the  energy  content 
of  the  molecule,  so  that  in  the  case  of  stereoisomers,  the  labile  form  shotdd 
give  an  absorption  spectrum  of  the  longer  wave  lengths.  This,  and  other 
deductions  from  theory  in  this  field,  have  received  experimental  verifica- 
tion. It  would  be  interesting  to  consider  the  applications  of  the  electro- 
atomic  theory  to  the  phenomena  of  fluorescence,  but  this  is  not  possible 
now  for  lack  of  space. 

The  subject  of  valency  in  the  Periodic  System  forms  the  last  topic  for 
discussion.  Proceeding  from  the  idea  that  the  forces  of  a£Guiity  or  valency 
are  located  on  the  outer  surfaces  of  the  atoms,  differences  of  structure 
must  be  assumed  for  the  outer  surfaces  of  the  atoms  of  the  different 
elements,  depending  upon  their  position  in  the  Periodic  S3rstem.  Certain 
laws  regarding  both  the  value  and  quality  of  valency  must  be  noted,  in 

^  Z.  angew.  Chem.,  19,  1227  (1908). 
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passing  from  elements  of  lower  to  elements  of  higher  atomic  wei^ 
Since  one  valence  electron  must  be  assumed  for  every  valence,  the  number 
of  such  electrons  on  the  upper  surfaces  of  the  atoms  must  be  constant 
for  elements  grouped  together  in  a  vertical  series;  while  in  a  hmzootal 
series,  the  number  of  valence  electrons  increases  by  whole  tmits  frcmi  ooe 
to  four,  and  then  decreases  by  whole  tmits  to  zero.  The  quality  of  valency 
in  a  vertical  series  varies  in  such  a  way,  that  the  substitution  of  one  element 
for  another  in  a  compound  alters  the  heat  of  formation  of  the  compomii 
In  terms  of  the  theory  the  potential  energy  Vu  decreases  in  any  vertical 
series  with  increase  in  atomic  weight — ^that  is,  the  firmness  of  the  imin 
of  an  electron  and  its  atom  is  weakened — and  this  is  in  harmony  with  tk 
fact  that  the  electrical  dissociation  of  elements  in  a  vertical  series,  increases 
with  increase  in  atomic  weight.  It  may  not  be  decided  as  yet  whether 
this  variation  in  the  strength  of  union  is  due  to  the  fact  that,  ¥dth  increastiig 
atomic  weight,  the  positive  spheres  opposite  the  negative  electrons  have 
greater  extension,  and  are  therefore  a  greater  distance  from  the  dectnn; 
or,  whether  the  positive  spheres  have  almost  the  same  extensioa,  hot 
di£ferent  inner  properties.  It  should  be  noted  that  the  stiei^^  witii 
which  a  valence  electron  is  bound  to  other  atoms  in  the  molecule  depends 
not  only  upon  the  strength  of  its  union  to  its  own  atom,  but  upon  the 
fact  that  this  union  requires  a  certain  volume.  This  fact  alone  con- 
ditions variations  in  the  quality  of  valency.  Space  extension  as  a  property 
of  atoms  in  a  vertical  series  plays  a  specially  important  role  in  the  com- 
binations of  multivalent  atoms.  If  a  mtdtivalent  atom  possesses  a  small 
volume  and,  therefore,  its  valence  electrons  lie  closely  together,  its  mnoD 
with  successive  members  of  another  multivalent  series  becomes  more  and 
more  difficult,  as  the  atomic  weights  of  these  elements  increase.  It 
thus  becomes  evident  why,  in  certain  cases,  the  valency  ntunber  sfaodd 
not  always  remain  constant  in  any  given  vertical  series. 

As  regards  variation  of  the  quality  of  valency  along  hcMizontal  series, 
the  theory  allows  of  the  following  interpretation.  From  one  vertieal 
series  to  another  the  strength  of  the  tmion  of  a  valence  electron  to  its 
atom  varies  greatly;  and  for  metallic  elements  in  general,  Vu  is  mudi 
smaller  than  for  the  metalloids.  This  is  in  harmony  with  observations 
on  the  ionization  of  gases.  Thus  in  electrical  dissociation  electrons  separate 
more  readily  from  a  metallic  than  from  a  nonmetallic  radical,  with  the 
result  that  the  one  appears  with  a  positive,  the  other  with  a  negative 
charge.  In  passing  from  one  vertical  series  to  the  following  along  a  givea 
horizontal  series,  the  distance  of  the  electron  from  the  positive  sphere 
may  be  imagined  to  decrease  as  new  material  is  added  to  the  atoms.  It 
may  even  be  pictured  that  to  the  right  of  carbon,  valence  electrons  be 
come  actually  embedded  in  the  surfaces  of  their  atoms.  This  may  take 
place  to  such  a  degree  that  the  neutralizing  electrons  become  so  deeply 
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embedded  that  they  no  longer  emit  lines  of  force  beyond  the  contour 
of  their  atoms  to  other  atoms.    Figs.  VI  and  VII  show  atom  models 


/v>  m 


Fjg.  jzm 


Monoatomic  metal  (Na).  Monoatomlc  metalloid  (CI). 

as  represented  in  a  recent  publication.^  The  metal  and  metalloid  elements 
show  great  similarity  in  structtu'e,  the  difference  being  in  the  arrange- 
ment of  the  field  of  force  on  their  outer  stuiaces.  This  conception  avoids 
some  of  the  difficulties  of  a  tmitary  or  a  dualistic  conception.  The  pro- 
trusion of  the  negative  valence  electrons  from  the  surface  ii>  the  case  of 
the  metallic  elements,  and  the  receding  of  valence  electrons  resulting 
in  corresponding  prominence  of  positive  spheres  in  the  case  of  metalloids^ 
give  the  character  of  polarity  to  the  mutual  relations  of  these  two  groups 
of  elements.  Models  of  multivalent  atoms  are  represented  in  Figs. 
VIII  to  XI.  Fig.  VIII  shows  a  divalent  electropositive  atom,  as,  for 
example,  magnesium;  Fig.  IX  a  divalent  electronegative  atom,  as,  for 
example,  oxygen;  and  Fig.  X,  a  trivalent  atom,  as,  for  example,  nitrogen 
(the  difference  in  the  positions  of  the  electrons  may  be  used  to  account 
for  the  difference  between  syn-  and  anti-isomers.  containing  nitrogen). 

I  JI 


Fig.  XI  represents  the  extreme  case  of  an  atom,  as,  for  exampAe,  of  a  noble 
gas,  whose  valence  electrons  are  so  deeply  embedded  in  the  positive 
spheres  that  their  lines  of  forcejno  longer  have  the  power  to  unite  with 
the  positive  spheres  of  other  atoms  to  form  chemical  compounds,  and 
the  element  appears  thus  to  have'  a  valency  of  zero.  Stark  has  not  dis- 
cussed in  this  connection  the  amphoteric  element  carbon.  On  the  analogy 
of  what  has  been  said,  the  assumption  might  be  made  that  the  outer 
surface  of  this  atom  presents  conditions  varying  between  the  electro- 
negative and  the  electropositiveJ[  types  recalling  Michael's  phrase  "the 
plasticity  of  carbon."*    Or,  there  might  be  a  definite  arrangement  of 

*  Z.  EUktrochem,,  17,  515  (191 1). 

*  /.  prakt,  Chem.,  60,  325  (1899). 


2626  CHARLBS  WATEINS  AND  HARRY  C.  JONBS. 

the  field  of  force  midway  between  that  of  a  positive  and  that  of  a  negBlne 
element.    The  latter  view  would  be  in  harmony  with  a  continuous  tiaiisi> 
tion  from  the  strongly  electropositive  to  the  strongly  electroiiqsatr?e : 
elements. 

This  paper  can  only  suggest  a  few  of  the  applications  of  the  electro- 
atomic  theory  of  valence.  It  has  been  interesting  to  see  the  devdopmeot 
of  the  theory  during  the  past  six  years,  to  note  its  constant  increase  ii 
scope  and  its  ability  to  harmonize  the  most  varied  and  complex  phenomaa 
in  widely  separated  fields  of  science.  In  conclusion  it  may  be  said  thtfi 
none  of  the  hypotheses  here  advanced  claims  acceptance  without  further 
verification.  The  aim  of  the  theory  is  to  develop  gradually  a  precise  and' 
exact  conceptioit,  which  shall  meet  the  fimdamental,needs  of  both  physidsts 
and  chemists,  and  this  end  can  be  attained  only  by  the-eamest  and  criticrf 
co5peration  of  all  investigators. 

MOUKT  HOLTOn  COLUIOS, 

SoDTB  Habuy,  MAasACBuavna. 
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CONDUCTIVITT  AND  DISSOCUTIONTOF' SOME  RATHIR 
UNUSUAL  SALTS  IN  AQUEOUS  SOLUTION.*  ! 

By  CBAU^es  Watxins  amd  Hakst  C  Jonsb.  ' 

Received  May  29,  1915. 

This  investigation  is  a  study  of  the  conductivity,  temperature  codi- 
dents  of  conductivity  and  dissociation  of  electrolytes  in  aqueous  soh- 
tion.  It  is  a  continuation  of  work  begun  in  this  laboratory  in  1905,' and 
which  has  been  continued  almost  without  interruption  up  to  the  presentj 

During  the  past  ten  years  the  following  investigations  bearing  on 
general  problem  have  been  carried  out:  Jones  and  Jacobson,'  Jones  ant 
White,*  Jones  and  Clover,*  Jones  and  West,*  Jones  and  Wigbtma^' 
Jones  and  Hosford,*  Jones  and  Winston,*  Jones  and  Wightman,'*  J 
and  Springer, ^^  Jones  and  Smith, ^'  Jones  and  Howard,^*  and  Jones  aoi 

^  The  results  of  this  investigation  will  appear  in  full  in  PM,  Camepe  InU,  Woi^ 
No.  230  (1915). 

*  Am.  Chem.  /.,  34,  357  (1905)- 
» Ibid.,  40,  355  (1908). 

*  J6»d.,  43,  520  (1909). 

*  Ibid.,  43,  187  (1910). 

*  Ibid.,  44,  508  (1910). 
'/M(f.,  46,  56  (1911). 

*  Ibid.,  46,  240  (191 1 ). 

*  JWrf.,  46,  368  (191 1). 
>*  Ibid.,  48,  320  (1912). 
^^  Ibid.,  4g,  ^11  (1912). 
"  Ibid.,  50,  I  (1913). 
"  Ibid.,  48,  500  (1912). 
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Shaeffer.^  Most  of  the  results  of  these  investigations  have  been  re- 
corded in  Publication  of  the  Carnegie  Institution  of  Washington,  No. 
170.  For  details  in  connection  with  the  method  employed,  the  above 
publications  must  be  consulted. 

Results. 

In  the  following  tables,  aU  conductivities  are  expressed  in  Siemen's 
units,  and  are  molecular  conductivities — gram-molecular  weights  having 
been  used  in  preparing  the  solutions.  These  molecular  conductivities 
(/Uy)  were  calculated  from  the  equation  /x,  »  Ka  V/Rb;  where  K  is  the 
cell  constant,  V  the  volume  concentration,  R  the  resistance  indicated  on 
the  rheostat,  (a)  and  (6)  the  two  arms  of  the  bridge.  The  percentage 
dissociation  [a]  was  calculated  from  the  equation  a  =  looyL^/ yi^^ ,  where 
|ioQ  is  the  highest  value  of  /k,  obtained.  The  temperature  coefficients 
expressed  in  conductivity  units  were  calculated  from  the  formula 

(M.)fa  -  (Mt)^  ^  coefficient, 
h  —  tx 

in  which  (j^U  represents  the  value  of  11^  at  the  higher  temperattu-e  ht  and 
(>x,)/i  that  at  the  lower  temperature  (/i).  These  coefficients  expressed  as 
percentages  were  calculated  from  the  formula^ 


X 


100 


it  —  h  {n,)k 

For  every  measurement  shown  in  these  tables,  three  bridge  readings 
involving  different  values  for  R  were  made,  and  the  mean  of  these  read- 
ings was  taken  as  the  basis  of  calculation. 

Sodium  Bromate. — ^This  salt  was  twice  recrystallized  and  then  was 
dried  at  100^  for  several  hours;  after  cooling  over  phosphorus  pentoxide, 
the  required  amount  was  weighed  and  put  into  solution. 


Tablb  I. 


MolecttUir  ooodttcthrity. 


Percentage  dlaaodatkm. 


V. 

o**. 

I5^ 

25  •. 

aO\ 

a  1S<». 

a2S\ 

s 

42.77 

63.62 

78.84 

69.9 

74-4 

74.8 

16 

44-94 

67.03 

83.38 

73.5 

78.4 

79.1 

32 

47.49 

70.72 

87.95 

77.7 

82.7 

83.5 

128 

49.64 

74-39 

92.67 

81.2 

87.0 

88.0 

512 

52.69 

78.76 

96.53 

86.2 

92.x 

91.6 

1024 

53.10 

79-59 

99.26 

86.9 

93-1 

94.2 

2048 

58.27 

85.45 

105.1 

95.3 

100. 0 

99-5 

4096 

61.10 

83-34 

105.3 

100. 0 

•   •   • 

100. 0 

^  Am,  Chem,  /.,  49,  207  (1913). 

'  For  the  temperature  coefficients  see  Publ.  Carnegie  Inst.  Wash.,  No.  230  (19 15}. 
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Sodium  Thiocyanate. — The  original  solution  of  this  salt  was  standard- 
ized by  treating  a  measured  volume  with  a  slight  excess  of  an  addifiBi 
solution  of  silver  nitrate.  The  precipitate  of  silver  thiocyanate  wu 
filtered  into  a  Gooch  crucible,  washed  and  weighed.  Duplicate  deter- 
minations were  made  as  in  the  case  of  all  solutions  standardized  by  anal- 
ysis. 

Tabls  II. 

Mokcnlw  oofldttctiTity. 


v. 

©•. 

15« 

25*. 

3S«. 

•  O*. 

«15*. 

«M«. 

•  15* 

4 

46.79 

69.00 

84.36 

102.5 

80.5 

79.8 

78.2 

7«4 

8 

49.68 

72.57 

96.36 

XO7.8 

85.5 

83.9 

89.4 

82.5 

i6 

50.96 

75.86 

94.90 

114. 2 

87.7 

877 

88.0 

874 

32 

52.90 

79  14 

98.81 

118. 6 

91.0 

91.4 

91.6 

90.8 

128 

55.47 

83.19 

102.8 

124.3 

95-4 

96.1 

95.3 

95  I 

512 

57.77 

85.81 

106.7 

129.7 

99.4 

99.2 

99.0 

993 

1024 

57.67 

86.50 

107.8 

130.9 

99.4 

100. 0 

lOO.O 

lOO.O 

2048 

58.10 

86.22 

107.8 

130.6 

100. 0 

•   •   • 

■    •    • 

•  •  • 

I 

Sodium  Thiosulf  ate. — ^Iodine  which  had  been  resublimed  in  the  prci^ 
ence  of  potassium  iodide  was  weighed  into  small  flasks  with  tightiy«| 
fitting  glass  stoppers.  About  2  g.  6f  potassium  iodide  and  0.5  oc  (ij 
water  had  been  previously  weighed  into  these  flasks.  After  the  nq^ 
of  the  added  iodine  Was  determined,  the  flasks  were  opened  in  Eriet* 
meyer  flasks  containing  200  cc.  of  water  and  potassium  iodide.  TIfli 
solution  was  titrated  with  the  thiosulf ate.  Starch  solution  was  used  H 
the  indicator. 


Tabls  III. 

Motocoiar  oondnctiThy. 

PHCCOte|C 

dteocfatioa. 

v. 

0\ 

15  •. 

25". 

35  •. 

aO\ 

«  15». 

a  25*. 

«3S*. 

4 

77.90 

115. 3 

143.3 

172.6 

59.2 

59.1 

5«.7 

594 

8 

82.52 

129.8 

160.8 

196.0 

62.8 

66.5 

65.9 

67.4 

16 

94.10 

143.4 

178.4 

214.8 

71.6 

73.5 

73.1 

73.9 

32 

103.0 

153.2 

193.0 

235.0 

78.4 

78.5 

79.1 

8o.t 

128 

113. 1 

172.4 

214.9 

259.9 

86.0 

88.4 

88.0 

894 

512 

126.0 

189.0 

234.0 

283.8 

95.8 

96.9 

95-9 

97.6 

X024 

124.8 

191. 9 

239.1 

284.1 

94.9 

98.4 

97.9 

97.7 

2048 

128. 1 

194.1 

241. 1 

284.3 

97.5 

99.5 

98.8 

97.S 

4096 

131. 4 

195.0 

244.0 

290.5 
r*>r»rvcfflUi9 

100. 0 
rtnor    frr 

100. 0 

100. 0 

lOO.O 

valfl 

10  cc.  of  the  sodium  dithionate  solution  was  evaporated  to  dryness  in  ft 
weighed  platinum  dish.  After  heating  to  a  dull  red  for  some  time,  tkr 
dish  and  contents  were  cooled  over  calcium  chloride  and  weighed.  F^noa 
the  weight  of  the  sodium  sulfate  the  strength  of  the  original  sdutiaD  rf 
sodium  dithionate  was  calculated. 
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Tabus  IV. 

f 

Molecular  coaduetiTity. 

Pcrccatetc  di«oci«doa 

• 

V. 

0*. 

\5\ 

25  •. 

35  •. 

•  oT" 

a  15*. 

a25\ 

aM*. 

8 

91.28 

135.9 

167.8 

202.6 

65.6 

65.2 

64.6 

64.4 

16 

99.71 

147 -6 

183.9 

220.3 

71.6 

70.8 

70.8 

70.1 

32 

107.8 

161. 7 

200.5 

241.6 

77.5 

77.6 

77.3 

76.8 

128 

121. 4 

180.9 

225.0 

272.5 

87.2 

86.8 

86.7 

86.7 

512 

130.6 

195.6 

242.8 

293.9 

93.8 

93.9 

93.6 

93.5 

1024 

137. 1 

203.6 

255.0 

308.6 

98.6 

97.7 

98.3 

98.1 

204S 

139.1 

208.4 

259.4 

314.3 

100.0 

100.0 

100. 0 

100.0 

4096 

139.1 

207.3 

258.2 

312.7 

•  •  • 

•  •  • 

•   •   • 

•    .    a 

Sodium    Pyrophosphate. — ^This    salt   was   dehydrated    and    weighed 
after  it  had  been  recrystallized. 

Tablb  V. 

Molectilar  condttctivity.  PwccnUfc  diMociAtkm. 


V. 

o^. 

15  •. 

25  •. 

35  •. 

aO*. 

a  15^ 

«25*. 

a  35* 

16 

100.2 

154.  B 

194.5 

235.3 

45.6 

44.9 

45.3 

44.9 

32 

118.3 

181.5 

227.5 

276.1 

53.8 

52.6 

53.0 

52.7 

128 

159.0 

242.7 

304.0 

370.5 

72.3 

70.4 

70.9 

70.8 

512 

197.0 

302.8 

384.5 

466.7 

89.6 

87.9 

89.7 

89.1 

1024 

211.0 

327.0 

410.9 

508.9 

96.0 

94.9 

95.9 

97.2 

2048   216.1   336.9   421.8   517.4 

4096  219.7  344.5  428.5  523.4 


98.3 


97.7 


98.4       98.8 


100. o      100.0      100. o      100. o 


Trisodium  Phosphate. — ^All  salts  of  orthophosphoric  acid  were  treated 
in  the  same  manner.  After  making  a  solution  of  approximately  the  re- 
quired strength  by  weighing  the  salt,  it  was  standardized  by  the  method 
of  Schmitz.^  This  differs  from  the  usual  method>  in  that  the  magnesium 
ammonium  phosphate  is  precipitated  in  a  hot  solution,  by  the  slow  addi- 
tion of  ammonia  to  an  add  solution  of  the  phosphate,  to  which  an  excess 
of  "magneria  mixture"  has  been  previously  added.  A  very  pure,  coarsely 
crystalline  precipitate,  which  settles  readily,  is  obtained  by  this  method. 

Prom  the  weight  of  the  magnesium  pyrophosphate  yielded  by  this  pre- 
cipitate on  ignition,  the  strength  of  the  solution  of  the  sodium  salt  was 
calculated. 

Tabls  VI. 

Molecular  conductivity.  PercentAf  e  diitodation. 


V. 

0«. 

I5«. 

25  •. 

aO\ 

a  15». 

«25«. 

32 

120.5 

195.3 

254.2 

61.5 

63.6 

66.8 

128 

163.7 

261.7 

338.1 

83.6 

85.2 

88.8 

512 

185.2 

292.8 

361.5 

94.6 

95  3 

95.0 

1024 

195.8 

307.0 

380.5 

100. 0 

100. 0 

lOCf.O 

Sodium  Dihydrogen  Phosphate. — ^The  solution  of  this  salt  was  stand- 
ardized by  the  method  discussed  in  coimection  with  trisodium  phosphate. 

^  Z.  anal.  Ckem,,  4$^  512  (1906). 
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Table  VII. 

Molectilar  Gondncttvity. 

Percentage  dinodfttioa. 

V. 

0«». 

15*.            25»               35*. 

aO*. 

a  15*.         a  25*.        «35*. 

8 

31.03 

47-47       59.79          72.40 

72.2 

72.4          73.2         719 

16 

33.75 

51.62       64.45          79.55 

78.5 

78.7          78.9         79.0 

32 

36.16 

55.24       69.25          84.25 

84.2 

84.3          84.8         83.7 

128 

40.13 

60.98       75.39          93.67 

93.4 

93.0          94.7         93.1 

512 

43.00 

65.52       81.59         99.90 

100. 0 

100. 0      loo.o       99.3 

1024 

42.07 

64.95       81.17        100.6 

•    •   • 

...              ...           100. 0 

Sodium  Tungstate. — ^The  original  solution  of  sodium  tungstate  was 
standardized  by  precipitating  the  ttmgstic  acid  as  mercurous  ttmgstate. 
On  ignition  this  3rields  the  trioxide  of  ttmgsten  which  can  be  weighed. 

Tablb  VIII. 

Molectilar  cooductivity.  Percentage  dlModation. 


V. 

0*. 

15  •. 

25*. 

35*. 

«0*. 

a  15*. 

a  25*. 

«35*. 

4 

59.56 

100.2 

■    •    • 

•    ■    • 

54.8 

59.9 

•    •   • 

■  •  • 

8 

69.75 

112. 7 

141. 6 

172.0 

64.2 

67.3 

66.9 

67.3 

16 

82.65 

126.7 

159.0 

193.2 

76.1 

75.7 

75.2 

75.7 

32 

87.53 

134.3 

168.7 

205.5 

80.6 

80.3 

79.8 

80.5 

128 

98.54 

151. 5 

190.7 

233.5 

90.7 

90.5 

90.2 

91. 4 

512 

107.25 

164.6 

207.4 

254-1 

98.7 

98.3 

98.1 

99.5 

1024 

108.67 

167.3 

211. 4 

255.2 

100. 0 

100. 0 

100. 0 

lOO.O 

Sodium  Formate. — In  a  cold  acid  solution^  permanganate  acts  only 
slowly  with  formic  acid»  while  in  a  hot  solution  the  latter  is  lost  by  volatil- 
ization. In  spite  of  statements  to  the  contrary,  oxidation  by  means  of 
permanganate  in  an  alkaline  solution  is  a  most  unsatisfactory  process. 
This  led  to  the  use  of  an  indirect  method  of  standardization  for  the  sodium 
formate  solution. 

An  excess  of  standard  permanganate  solution  was  measured  from  a 
buret  into  an  alkaline  solution  of  the  formate.  After  standing  for  some 
time,  a  known  weight  of  pure  sodium  oxalate  was  added.  The  solution 
was  then  acidified  and  heated.  A  standard  solution  of  permanganate 
was  used  to  titrate  this  in  the  usual  way.  The  total  amount  of  perman- 
ganate less  that  which  is  equivalent  to  the  sodium  oxalate  is  the  perman- 
ganate used  for  the  oxidation  of  the  sodium  formate. 

Tablh  IX. 

Molecttlar  coodvetiTitj.  Peroeatage  dlHOciatioa. 


V. 

0\ 

15». 

25  •. 

35  •. 

ao; 

a  15». 

a25». 

a35" 

4 

56.09 

84.34 

105.0 

126.4 

70.3 

71.0 

70.9 

68.6 

8 

62.13 

91.91 

113-6 

X40.I 

77.9 

77.4 

76.7 

76.0 

16 

64.75 

97.82 

121. 4 

147.4 

81.2 

82.4 

81.9 

80.0 

32 

67.72 

99.10 

130.2 

157. 1 

84.9 

83.5 

87.9 

85.3 

128 

72.48 

109.8 

137.7 

166.3 

90.9 

92.5 

92.9 

90.3 

512 

74.63 

109.6 

139  I 

166.7 

93  6 

92.4 

93.9 

90.5 

1024 

75.65 

112. 8 

140.9 

181. 0 

94.8 

95.0 

95.1 

983 

2048 

78.68 

114. 8 

147.9 

184.7 

98.7 

96.7 

99.8 

lOO.O 

4096 

79.73 

118. 7 

148. 1 

184. 1 

100. 0 

100. 0 

100. 0 

•  •  . 
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Sodium  Chromate. — ^The  original  solution  of  this  salt  was  standard- 
ized by  precipitating  the  chromium  as  mercurous  chromate  by  means  of 
a  mercurous  nitrate  solution.  On  ignition  the  mercurous  chroinate 
leaves  a  residue  of  chromic  oxide  which  can  be  weighed.  ' 


Tablk  X. 

■    •   • 

4 

1 

liolecttlar  eondvcthrlty 

• 

PuccoteKC 

dbioctetkn. 

• 

V. 

©•. 

15«. 

25  •. 

35  •. 

ao: 

a  15«. 

•  25« 

«  35^' 

4 

74.76 

"34 

■    •    ■ 

•  •  ■ 

63.2 

64.3 

•   •    t 

■1  » 

•    •    ■ 

8 

83.56 

"53 

156.5 

187.9 

70.6 

71.1 

71.3 

69.^ 

76.8 

16 

90.74 

137.8 

171. 3 

207.6 

76.7 

78.2 

78.0 

32 

98.16 

148.6 

185. 1 

224.3 

82.9 

84  3 

84.3 

B3.ty 

128 

110.40 

168.4 

206.7 

252.2 

93.3 

95.5 

94  2 

93-4 

512 

118.32 

176.2 

219.5 

270.x 

100. 0 

lOO.O 

'lOO.O 

lOO.O 

1024 

114.60 

173.6 

216.9 

262.3 

■     •      • 

■      •     • 

■      •     • 

•  •   ■ 

Sodium  Dichromate. — ^The  same  method  of  standardization  was  used 
in  the  case  of  sodium  dichromate  as  was  employed  with  the  chromate. 


Tablb  XI 

f 

Molecular  conductiYit^ 

^ 

Percentage  diflWK^ti«n, 

V. 

©•. 

15». 

25  •. 

35  •. 

aO\ 

CI  15^ 

«25<».  .  .      a35>., 

8 

92.18 

136.5 

■    ■    • 

•    •    • 

87.2 

86.22 

•    •                                     «    • 

16 

96.57 

143.5 

176.3 

211. 4 

91.3 

90.65 

90.71     .    9^iSk 

32 

101.25 

148.4 

182.7 

219.5 

95.7 

93.74 

93.98         93.3?.l.r 

128 

106.8 

158. 3 

194.7 

233  -.5 

100. 0 

100. 0 

100. 0         100. 0 

512 

106. 1 

158.3 

194-4 

234.6 

•    ■    • 

.  . 

.  . 

Potassium  Ferricjranide. — ^This  salt  was  dried  for  more  thah  a  month 
over  phosphorus  pentoxide.  The  solution  wtis  prepared  by  weighing 
the  required  amount  of  the  dry  salt  and  dissolving  in  the  usual  ipanno-. 


Tabls  XII. 

t    .-.1 

« 

Molecular  conductivity. 

•          •        • 

• 

V. 

0«. 

15<». 

25  •. 

.  »•. 

•          1 

8 

158.6 

230.2 

282.1 

•    •    • 

16 

168.8 

247.3 

303.3 

360.1 

.;  ^ 

32 

181 .4 

266.4 

326.4 

389.3 

128 

207.4 

308.2 

380.1 

451.7 

•  i 

512 

229.2 

331.8 

410. 1 

494.5 

1024 

238.1 

354.5 

438.9 

529 -9 

2048 

244.4 

363.0 

449-5 

543.3 

4096 

254.5 

375.3 

465.8 

564.3 

ATiinm   L 

n«liatA. — A   VI 

^rv  Hiliif^  .Qnliiti 

rkti   f\i  fl«»   «r 

tAaft*    wKi1«> 

roli 

«; 


was  carefully  treated  with  sulftu-ous  add.  When  an  amount  sufficient 
to  discharge  the  brown  color  due  to  free  iodine  had  been  added,  the  solu- 
tion was  warmed  tmtil  the  odor  of  sulfur  dioxide  could  be  detected.  The 
iodine  was  then  determined  as  silver  iodide. 


^^$2 
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»     • 

Table  XIII. 

Molecular  conductivity. 

Percentaffe 

IDMOCifttiOB- 

.   V. 

<>•. 

I5«. 

25  «. 

35^ 

aO«. 

a  15  •. 

a2S». 

•  33*. 

i6 

48.17 

72.21 

89.97 

108.5 

85.1 

84.88 

84.7 

844 

52 

50.51 

76.35 

94.93 

114. 6 

89.2 

89.74 

89.4 

89.1 

128 

54.34 

81.32 

lOI.I 

122.2 

96.0 

95.59 

95.2 

95.0 

512 

56.54 

85.07 

106.2 

128.6 

99.9 

100. 0 

100. 0 

lOO.O 

1024 

56.60 

84.93 

105.9 

128.0 

100. 0 

•    •    « 

•   «   • 

•  •  • 

SO48 

55. 99 

83.9a 

104.6 

127.2 

•    •    • 

A    * 

•    ■    ■ 

•   •   • 

«         4*        < 

■  •  a 

Phosphate. — ^This  solution  was  standardized 
same  way  as  described  in  connection  with  sodium  phosphate. 


in  tk 


• 

TablB  XIV. 

iiolecttlar  conductlTity. 

Percentage 

dmocttlioBi 

V. 

0\ 

1S«. 

25  •. 

35« 

«0«. 

a  15». 

a25» 

•ss*. 

4 

37  56 

56.27 

69.66 

83.53 

66.4 

67.0 

66.5 

65.9 

8 

41.18 

61.73 

76.50 

92.71 

72.8 

73.5 

73.1 

73.1 

16 

44.45 

66.55 

82.57 

99.90 

78.6 

79.3 

78.9 

78.8 

32 

46.72 

70.65 

87 -73 

106.48 

82.6 

84.1 

83.8 

84.0 

128 

50.74 

76.21 

94.89 

114.75 

89.8 

90.8 

90.7 

90.5 

5" 

53.39 

81. OX 

99.73 

121. 2 

94.5 

96.5 

95-3 

95.6 

1024 

56.50 

83.92 

104.6 

126.7 

100. 0 

100.0 

100. 0 

lOO.O 

Ammonium  Chromate. — ^The  method  used  for  standardizatiaQ  «^ 
Identical  with  that  used  for  standardizing  the  chromate  of  sodium. 


Table  XV. 

Molecular  condncCiTltsr. 

jTcrcemacs  ( 

4lyp«>^l«t«* 

m, 

V. 

o*. 

I5». 

25*. 

35  •. 

«o«. 

«15\ 

«25«. 

«JS\ 

4 

93.63 

137.0 

•  •  • 

•  ■  • 

64.7 

64.2 

K        ■       • 

... 

8 

102.5 

149.8 

181. 9 

215.4 

70.8 

70.3 

69.3 

6S.81 

16 

no. 5 

163. 1 

199.5 

236.7 

76.4 

76.5 

76.0 

75.T 

32 

119. 1 

176.3 

215.4 

257.2 

82.3 

82.7 

82.1 

82.t 

128 

135. 1 

201.2 

247.1 

292.7 

93.4 

94.3 

94  2 

«.* 

512 

144.6 

213.2 

262.2 

312.7 

lOO.O 

100. 0 

xoo.o 

100^ 

1024 

143  0 

212.6 

261.7 

312.3 

■    •    • 

•    «   • 

•    «  • 

•  •« 

Amm 

ionium 

Thiocvan 

Ate. — ^The  amount  of  thi 

ocvanate 

Dfesen 

tinii 

original  solution  was  found  by  weighing  the  silver  thiocyanate  fond 
on  treating  a  portion  of  the  solution  with  silver  nitrate. 


Tabus  XVI. 


Molecular  conductirity. 


V. 

4 
8 

16 

32 

<28 
512 

<024 


60.46 

61.47 
63.58 

66.30 

68.58 
71.74 

72.00 


IS*. 

86.53 

89.84 

93  60 

97  48 
loi  .2 
105.2 
105.2 


25*. 

106.0 

no. 3 
114.4 

1x9.5 
124.2 

129.0 

129.2 


35». 

125.7 

131. 7 

137.5 

143.4 
148.9 

154.5 
154.8 


aO^ 

83.9 
85.3 
88.3 
92.0 
95-2 
99.6 

lOO.O 


a  is: 

82.2 

85.3 
88.9 

92.6 

96.2 

100. 0 


<i25«. 

82.0 

85.3 
88.5 

92.5 
96.1 

99  8 

lOO.O 


aSS^J 

Sl.t| 

81. 

96 

n 
100 
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Littitun  Chromate. — ^The  chromate  in  this  solution  was  determined 

as  it  was  in  the  case  of  sodium  chromate. 


Tabls  XVil 

Motecttlar  coadttctiTity 

• 

PcrcentAgc  itliwcl^lioii. 

* 

V. 

o«. 

15». 

25». 

35  •.                     a  0». 

al5\         m  25*. 

m$$^ 

8 

74.62 

112. 3 

139.9 

169. 1                   65.4 

67.3          66.9 

^.2 

i6 

82.62 

124. 1 

154.3 

187.3                   72.4 

74.3          73. « 

74.5 

32 

89.83 

136.6 

169.9 

205.5                   78.7 

81.8          81.3 

81.7 

128 

101.6 

155. 1 

193  0 

236.5                  89.0 

92.9          92.3 

94  0 

5" 

106.4 

164.5 

205.3 

249.0                  93.2 

98.5         9«.2 

99  0 

1034 

108. 1 

166.0 

206.2 

250.3                  94.7 

99.4      98.6 

99. S 

2048 

114. 1 

168.3 

209.0 

251.4                100. 0 

100. 0      100. 0 

100. 0 

Rubidium  Iodide.— 

The  iodine  was  determined  as  silver  iodide 

• 

Table  XVIII. 

] 

Mrolecttlar  conductivity. 

PercentAgc  dlHOciatlon. 

V. 

0».. 

15». 

25  •. 

3S«.                   a  ©•. 

«  15».         a  25». 

a35». 

4 

68.40 

97.08 

•   •    • 

85.41 

82.9 

•    •    • 

8 

70.48 

101.4 

122.6 

145.6               88.0 

86.6         85.6 

85.2 

16 

72.59 

104.3 

127.2 

150.6               90.6 

89.0         88.8 

88.1 

32 

74.75 

108.6 

131. 7 

157  8              93-3 

92.7         92.0 

92.3 

128 

78.51 

1 14.  2 

139.7 

166.6              98.0 

97.5         97.6 

97  5 

512 

79.92 

116. 0 

142.0 

169.5               99  0 

99.0        99.2 

99.2 

1024 

80.08 

XI7.I 

143. 1 

170.8             100. 0 

100. 0       100. 0 

100.0 

Discussion  of  Results. 

Conductivities. — Electrical  conductivity  in  solutions  of  electrolytes 
depends  on  the  number  of  ions  present  and  on  the  velocities  of  these  ions. 
The  velocities  will  depend  upon  the  size  and  mass  of  the  ions  and  upop 
the  viscosity  of  the  medium,  other  conditions  being  the  same.  This 
leads  to  the  conclusion  that  a  salt  showing  a  high  conductivity  must  be 
dissociated  into  a  great  number  of  ions,  or  the  ions  in  solutions  must  be 
of  such  a  size  that  they  have  a  great  velocity. 

It  may  be  seen  from  the  above  tables  that  certain  salts,  notably  tri- 
sodium  phosphate,  sodium  pyrophosphate,  ammonium  chromate  and 
potassium  ferricyanide,  show  very  high  conductivity.    The  first  of  these 

m 

compounds  is  strongly  hydrolyzed  even  at  low  temperatures.  The 
breaking  down  of  complexes  by  hydrolysis  gives  rise  to  a  great  number 
of  ions  also  in  the  case  of  the  pyrophosphate.  It  is  interesting  to  com- 
pare the  conductivity  of  trisodium  phosphate  with  that  of  the  corre- 
sponding potassium  compound.  While  both  show  very  high  conductivi- 
ties at  all  temperatures,  the  conductivity  of  the  potassium  salt  is  greatef 
than  that  of  the  sodium.  We  would  expect  this  from  the  fact  that  the 
sodium  salt  crystallized  with  twelve  molecules  of  water,  indicating  great 
hydration  in  solution;  while  the  potassitun  salt  has  no  water  of  crystalliza- 
tion, which  indicates  only  slightly  hydrated  ions  in  solution.    The  am- 
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idtromate  is  somewhat  similar  to  the  unhydrated  potassium  ailt 
mentioned  above,  in  that  it  carries  no  water  of  crystallization,  and  would 
therefore  be  expected  to  show  greater  conductivity  than  the  corresponding 
hydrated  salts  of  >  sodium  and  lithium.  The  high  values  of  /^  for  potas- 
siufltLf  erricyanide  are  largely  due  to  the  great  number  of  ions  yielded  by  tins 
compound.  The  work  of  Getman  and  Bassett.^  conducted  in  this  laboca- 
tory,'  indicates  the  production  of  six  ions  in  solutions  of  this  salt.  By 
odmp'aring  the  conductivities  of  the  chromates  of  ammonia  and  the  alkali 
m^tials,  it  is. found  that  they  stand  in  the  following  order: 

Potassium  Cfaromate  >  ammonium  chromate  > 

sodium  chromate  >  lithiimi  cfaromatE 

Ammonium  compounds,  as  a  rule,  show  higher  conductivity  than  the 
corresponding  potassium  salts.  This  does  not  seem  to  be  true  in  the 
case  of.  the  chromates.  The  smaller  conductivity  of  lithium  compounds, 
whea. compared  with  compounds  of  sodium,  is  usually  attributed  to  tbe 
greater  hydration  of  the  lithium  ion  in  solution,  as  indicated  by  the  greats 
tendency  erf  Lithium  salts  to  crystallize  with  water.  The  chromate  of 
lithium,  however,  crystallizes  with  one  molecule  of  water,  while  the 
chromate  of  sodium  contains  ten  molecules.  The  work  of  Jones  and  Bas^ 
sett^  has  shown  that  many  substances  have  greater  hydrating  power 
than  is  indicated  by  the  water  of  crystallization  contained  in  them.  SnA 
may  be  the  case  with  lithium  chromate. 

Rubidium  iodide  shows  a  higher  conductivity  than  the  iodides  ci  tbe 
other  alkali  metals.  Knowing  that  rubidium  has  a  greater  atomic  ^ 
lime  than  sodium  or  potassium,  we  might  expect  the  conductivity  to  be 
towered  by  a  decrease  in  the  velocity  of  the  ions,  due  to  their  volume  and 
mass.  It  should  be  remembered,  however,  that  the  hydrating  power 
of  these  compounds  of  the  alkali  metals  decreases  with  increasing  atomic 
volume.  Just  as  sodium  salts  are  less  hydrated  than  lithium,  so  rubidioB 
compounds  would  be  expected  to  hydrate  less  than  potassium.  ThnsL 
an  apparent  exception  is  explained  by  the  theory  of  hydration. 
''Dissociations. — As  a  means  of  determining  the  dissociation  of  salts  ia 
'solution,  the  conductivity  method  is  of  great  service,  but  it  is  far  froia 
perfect.  Hydrolysis,  hydration  and  polymerization  all  mihtate  again^ 
obtaining  a  true  value  for  h^q  .  Since  most  salts  show  one  or  more  of  the 
above  named  phenomena,  it  is  certain  that  dissociations,  calculated  £nooi 
conductivity  data,  are  in  most  cases  simply  close  approximations- 

As  a  rule,  salts  in  aqueous  solutions  are  more  dissociated  at  low  temper- 
atures than  at  high.  This  is  in  accord  with  the  Thomson-Nemst  hypo- 
thesis connecting  dissociating  power  with  the  dielectric  constant  d  the 
solvent.     Some  exceptions  to  this  rule  have  been  found  by  other  invest!- 

•  Pub,  Carnegie  Inst.  Wash.,  No.  60,  46. 
»  Am.  Chem.  J.,  33,  562  (1905). 
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Igators.  Barium  nitrate,  cadmium  iodide,  lead  nitrate  and  uranyl  ace- 
late  have  been  found  to  show  an  increase  in  dissociation  at  higher  tem- 
peratures. Shaeffer^  has  called  special  attention  to  the  anomalous  be- 
ihavior  of  tripotassium  phosphate,  and  suggests,  as  a  cause,  abnormal 
|€xothermic  heat  of  dissociation.  A  great  number  of  the  substances 
studied  in  the  present  investigation  showed  a  sUght  decrease  in  dissocia- 
tion with  rise  in  temperature.  Sodium  bromate,  sodiiun  thiosulfate, 
trisodium  phosphate  and  lithium  chromate  showed  a  well  defined  in- 
crease. Several  compounds  showed  almost  identical  dissociation  at  all 
the  temperatures  employed. 

Temperature  Coefficients.' 

It  has  been  found  that  the  increase  in  conductivity  with  rise  in  tem- 
perature is  due  primarily  to  the  velocity  with  which  the  ions  move.  This 
velocity  is  governed  by  the  viscosity  of  the  medium  and  the  volume  and 
mass  of  the  ion.  It  is  well  known  that  the  general  tendency  of  rise  in 
temperature  is  to  decrease  viscosity,  and  also  the  volume  and  mass  of  the 
ion;  if  the  ion  is  considered  not  as  a  charged  atom  or  group  of  atoms, 
but  as  a  charged  nucleus  plus  molecules  of  water  which  must  be  carried 
along  in  all  migrations  through  the  remainder  of  the  solvent.  Jones  has 
given  a  number  of  proofs  for  the  validity  of  this  conception  of  ions.  He 
has  also  shown  that  these  complexes  break  down  at  higher  temperatures. 
With  these  facts  in  mind,  we  would  expect  a  greater  increase  in  conduc- 
tivity with  rise  in  temperature  in  the  case  of  strongly  hydrated  salts, 
than  in  the  case  of  weakly  hydrated  substances.  Taking  the  amount  of 
water  with  which  a  substance  crystallizes  as  indicative  of  the  extent  to 
which  it  is  hydrated,  it  is  found  that  all  of  the  compounds  referred  to  in 
the  above  tables  are  in  accord  with  this  conception,  except  potassium 
Fenicyanide  and  ammonium  chromate.  Reference  has  been  made  to 
the  work  of  Getman  and  Bassett,  which  throws  some  light  on  the  disso- 
ciation of  the  complex  ferricyanide,  and  also  shows  that  water  of  crys- 
tallization is  not  always  indicative  of  the  degree  of  hydration  to  which  a 
compound  is  subject.  While  they  proved  that  the  ferricyanide  is  not 
lydrated,  it  is  rather  probable  that  the  lithium  chromate  is,  since  lithium 
alts,  as  a  class,  have  a  much  greater  tendency  to  hydrate  tiian  the  salts 
>f  sodium  or  potassium. 

The  temperature  coefficients  expressed  in  per  cent,  decree  se  in  every 
ase  with  rise  in  temperatiu'e.  They  increase  somewhat  on  dilution.  This 
s  especially  noticeable  with  hydrated  and  hydrolyzed  salts. 

^  Ant.  Chem.  /.,  49,  249  (1913). 

*  To  save  space  these  coefficients  are  omitted  from  this  paper.  They  will  be 
ecorded  in  Pub.  Carnegie  Inst.  Wash.,  No.  230.  Some  of  the  relations  between  them 
re  here  referred  to. 
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Jones^  has  pointed  out  the  following  general  relations  deduced  frm 
the  study  of  a:  large  number  of  data  concerning  temperature  coeffidents: 

1.  Those  ions  with  the  largest  hydrating  power  have  the  largest  tem- 
perature coeflScients  of  conductivity. 

2.  Those  substances  having  equal  hydrating  power  have  appronmatel? 
the  same  temperattu'e  coefficients  of  conductivity. 

3.  At  higher  dilutions  the  temperature  coefficients  of  coaductivitf, 
for  any  given  substance,  are  greater  than  at  lower  dilutions. 

In  the  present  investigation  all  of  these  relations  have  been  fomd 
to  hold,  with  the  few  apparent  exceptions  which  are  noted  in  the  above 
discussion. 

Summary. 

Eighteen  more  or  less  tmusual  salts  were  studied  with  reference  to  tk 
conductivity,  over  a  range  of  temperature  from  o**  to  35**,  and,  wherever 
possible,  their  dissociation  has  been  calculated.  Their  temperatmt 
coefficients  were  also  calculated  in  two  sets  of  units. 

The  results  of  this  investigation  are,  for  the  most  part,  in  accord  with 
the  findings  of  other  workers  in  this  field  in  this  laboratory.  Three  ei- 
ceptions  to  the  rule  that  dissociation  decreases  with  increased  tenqienir 
ture  were  found.  Two-  apparent  exceptions  to  the  rule  that  large  teia» 
perature  coefficients  are  indicative  of  great  hydration  were  noted,  aad 
possible  explanations  offered. 

Baltimoss,  Md. 
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THE  VISCOSITIES   OF   SOLUTIONS   OF  CAESIUM   SALTS  Of 

MIXED  SOLVENTS.* 

By  p.  B.  Davis  amo  Habxy  C  Jomvs. 
Received  August  30.  1915. 

Introduction, 

We  have  endeavored  for  some  time  to  secure  enough  caesium  salts 
study  their  viscosity  in  piu'e  and  in  mixed  solvents,  but  only  within 
past  year  have  we  been  successful.    Through  the  courtesy  of  Prof( 
James  Lewis  Howe,  of  Washington  and  Lee  University,  a  quantity 
caesium  sulfate  was  placed  at  our  disposal.    This  was  converted 
into  the  hydroxide,  then  into  the  carbonate,  and  finally  into  the 
and  nitrate;  and  with  these  salts  this  investigation  was  carried  out 

Caesium  is  the  most  electropositive  of  all  the  elements,  and  is 
distinguished  by  possessing  the  largest  atomic  volume,  being  followed  i 

'  Am,  Chem.  J.,  34,  357  (1905). 

*  This  is  part  of  an  investigation  which  was  carried  out  with  the  aid  of  a 
from  the  Carnegie  Institution  of  Washington  to  H.  C.  Jones,  and  the  results  wiB 
recorded  in  full  in  Publication  No.  230  of  that  Institution. 
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this  respect  by  rubidium  and  potassium,  respectively.  Since  salts  of  the 
latter  two  elements  are  of  great  interest  from  the  viscosity  standpoint, 
it  would  be  expected  that  caesium  salts  would  possess,  to  a  more 
pronounced  degree,  any  peculiarities  shown  by  salts  of  rubidium  and 
potassium.  *  ^  ' 

An  examination  of  the  literature  bearing  on  viscosity  shows  that,  in 
general,  only  the  salts  of  the  three  metals  mentioned  above  are  known  to 
lower  the  viscosity  of  water.  The  effect  of  potassium  and  rubiditun 
salts  on  the  viscosities  of  solvents  other  than  water,  and  of  mixttu-es  of 
such  solvents  with  one  another  and  with  water,  has  been  the  subject  of 
earlier  investigations  in  this  laboratory;  and  this  series  of  investigations 
can  now  be  regarded  as  in  a  measure  completed  by  the  study  of  caesium 
salts  in  these  solvents.  The  present  investigation,  therefore,  has  been 
made  to  comprise  a  study  of  the  viscosity  of  the  two  caesium  salts,  chloride 
and  nitrate,  in  water  and  in  binary  mixttues  of  methyl  alcohol,  ethyl 
alcohol,  and  acetone  with  water. 

The  results  obtained  with  caesium  salts  in  formamid  as  a  solvent  are 
now  in  press,  ^  and  further  investigation  of  their  behavior  in  glycerol  and 
g^ycerol-water  mixtures,  as  well  as  in  mixed  solvents  containing  formamid 
instead  of  water,  is  now  in  progress. 

Historical  Sketch. 

Jones  and  Linsay,'  in  their  work  on  binary  mixtures  of  the  alcohols 
with  water,  found  that  the  molecular  conductivities  of  solutions  of  salts 
in  these  solvents,  were,  in  every  case,  less  than  the  averages  calculated 
from  conductivities  in  the  component  solvents  themselves.  These  re- 
sults, interpreted  in  the  light  of  the  work  of  Dutoit  and  Aston,  point  to 
a  lower  degree  of  association  in  the  case  of  the  mixed  solvents  than  in  that 
of  the  pure  solvents  themselves. 

Jones  and  Carroll,'  in  extending  the  above  investigation,  showed  that  the 
change  in  the  viscosity  of  the  medium  was  an  important  factor  condition- 
ing the  decrease  in  conductivity  of  salts  in  such  binary  mixtures  and 
liquids,  the  decrease  in  ionization  due  to  changes  in  association  being  only 
one  of  the  factors  to  be  taken  into  account. 

It,  however,  remained  for  Jones  and  Veazey*  to  offer  a  satisfactory 
explanation  of  the  increase  in  viscosity  which  occurs  when  two  highly 
associated  liquids  are  mixed;  and  also  to  account  for  the  phenomenon 
of  negative  viscosity,  or  the  lowering  of  the  viscosity  of  the  solvent  by  a 
dissolved  substance. 

>  Pub.  Cameiie  Inst.  Wash.,  No.  330  (1915)- 

«  Am.  Chem.  J.,  28,  329  (1902);  Pub.  CamegU  InsL  Wash.,  No.  80,  24  (1907). 

•  Am.  Chem.  J.,  32,  409  (1904);  Pub.  Carnegie  Inst.  Wash.,  No.  80,  43  (1907). 

*  Ibid.,  107  (1907);  Z.  physik.  Chem.,  61,  641  (1908);  62,  44  (1908). 
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The  work  of  Thorpe  and  Rodger  having  shown  that  viscosities  depend 
largely  upon  the  frictional  surfaces  of  the  physical  particles  in  any  sob 
tion,  it  followed  that  if  these  surfaces  were  increased  or  diminished  hj 
any  means  whatsoever,  there  would  result  a  corresponding  increase  or 
decrease  in  the  fluidity  of  the  m^um.  The  work  of  Jones  and  Mrniay^ 
had  brought  out  the  fact  that  on  mixing  two  highly  associated  liquids  a 
material  diminution  in  the  association  of  both  takes  place.  This  wouiii 
result  in  an  increase  in  the  number  of  ultimate  particles  in  a  given  vdmix, 
with  a  corresponding  decrease  in  their  size,  and  therefore  an  increase 
in  their  frictional  surfaces  which  would  be  exposed  to  one  another.  Cod- 
sequently ,  the  viscosity  curves  for  the  various  mixtures  should  pass  tfaxoofk 
a  maximum,  the  position  of  which  would  depend  upon  the  relative  effects 
of  the  solvents  upon  one  another. 

The  reason  for  the  maximum  in  such  viscosity  curves  and  their  ich- 
tion  to  conductivity  having  been  explained,  the  effect  of  certain  salts 
in  lowering  the  viscosity  of  the  solvent  remained  to  be  interpreted,  rotas' 
sium,  rubidium  and  caesium  salts,  as  has  already  been  stated,  were  knom 
to  lower  the  viscosity  of  water.  These  elements  occupy  the  lii{^ 
maxima  on  the  atomic  volume  ctuve,  and,  as  Wagner'  had  shown,  thej 
possess  negative  viscosity  coefficients  in  water,  which  vary  directly  as 
their  volumes.  The  explanation  offered  by  Jones  and  Veazey  to  ac- 
count for  these  facts,  was  that  salts  of  these  metals  lower  the  viscosity 
of  the  solvent  by  introducing  into  it  ions  which  are  so  large  that,  when 
mixed  with  the  molecules  of  the  solvent,  they  lower  the  total  fractionil 
stuiaces  exposed  to  one  another.  That  certain  salts  of  potassium  do 
not  produce  this  effect  is  due  to  the  fact  that  the  viscosity  of  the  solii- 

Tabids  I. 
Viscosity  of  Caewum  Chloride  in  Methyl  Alcohol-Water  Mixtures  at  15'',  25 ^  35* 


ICoL  oooc. 
0.50 
0.25 
O.IO 
Solv. 


75%  Methyl  Alcohol. 

VtocodUcs. 

0.01674  0.01309  0.01049 

0.01637  0.01275  0.01021 

O.OI613  0.01243  0.00997 

0.01594  0.01235  0.01032 

25%  Methyl  Alcohol. 

Viscodtki. 


50%  Methji  Alo^ioL 


I 


0.50 
0.25 

O.IO 

Solv. 


f  IS».     f25». 

O.02119  0.01547 

0.02084  0.01553 

0.02086  O.OI531 

0.02100  0.01535 

Water. 


f35*. 

0.01200 

o. 01 197 

O.OII79 

o. 01 169 


lioL 

0.50 
0.25 
O.IO 

Solv. 


«  I5».         n  23«.         f  55: 

0.01778  0.01338  0.01048 

0.01828  0.01360  0.01047 

0.01862  0.01358  0.01044 

0.01871  0.01359  0.01032 

^  Am.  Chem.  J.,  30,  193  (1903). 
*  Z.  pkysik.  Chem.,  46,  867  (1903). 


MoL  cone. 

2 

4 
10 

Sotv. 


0.01098  0.00877  0.0713 

o.oiiii  0.00889  0.0716 

O.OII33  0.00884  0.0719 

O.OII34  0.00891  0.0731 


' 
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Tabus  II. 
Viscosity  of  Caesium  Nitrate  in  Methyl  Alcohol- Water  Mixtures  at  15  ^  25  **,  35 ''. 


MoL  cone. 


75%  Methyl  Alcohol. 


Vbcoeities. 


ulS' 


^2S\ 


f  35». 


50%  Methyl  Alcohol. 
Viscoritics. 


Mol.  oonc.      ^  15  ^ 


^2S\ 


f  35r 


•   •   • 


4»  ■    •    •  •    •    ■ 

10  ...  0.01244     0.00987 

Solv.       0.01594    0.01235     0.00978 

25%  Methyl  Alcohol. 


4               ...         0.01520  0.01177 

10          0.02072     0.01543  o. 01 182 

Solv.      0.02100    0.01535  o.  01 169 

Water. 


Viacodties. 

MoL  cone. 

■ 

Vbeosities. 

MoL  cone. 

V  15'. 

»250. 

y35«». 

f  15*. 

,25*. 

fM* 

2 

•    «    « 

0.0x300 

O.OIOI8 

2 

0.01075 

0.00858 

0.00703 

4 

0.01795 

O.OI331 

0.01028 

4 

0. 01 102 

0.00871 

0.00705 

10 

0.01832 

0.01346 

0.0103 1 

10 

O.OII22 

0.00885 

0.0073b 

Solv. 

0.01871 

0.01359 

0.01032 

Solv. 

0. 01 134 

0.00891 

0.00720 

Tablb  hi. 
Viscosity  of  Caesium  Chloride  in  Ethyl  Alcohol- Water  Mixtures  at  15 


25  ^  35  ^ 


Mol.  cone. 

2 

4 
10 

Solv. 


MoL  eooc. 

2 

4 
10 

Solv. 


75%  Ethyl  Alcohol. 

Viscosities. 

fW.  f25«.  f35*. 

0.02777     0.02061  0.01590 

0.02783     0.02039  O.O1561 

0.02761     0.01994  0.01500 

0.02762     0.01997  0.01537 


,  25%  Ethyl  Alcohol. 


Viscosities. 


f  15  •. 
0.02381 
0.02472 
0.02522 
0.02585 


^23«.  ^350. 

0.01694  0.01262 

0.01738  0.01282 

0.01736  0.01276 

0.01760  0.01270 


50%  Ethyl  Alcohol. 
Viacodties. 


MoL  cone. 

2 

4 
10 

Solv. 


Mol.  oonc. 

2 

4 
10 

Solv. 


,15*.  f25*».  f35». 

0.03176  0.02245  0.01635 

0.03346  0.02283  0.01666 

0.03359  0.02274  0.01648 

0.03400  0.02286  O.OI618 


Water. 


Viscosities. 


fl5».  t25».  f35». 

0.01098  0.0877  0.0713 

O.OIIII  0.0889  0.0716 

O.OII33  0.0884  0.0719 

O.OII34  0.0891  0.0720 


Table  IV, 
Viscx)sity  of  Caesium  Nitrate  in  Ethyl  Alcohol- Water  Mixtures  at  15*,  25*,  35*. 

25%  Ethyl  Alooh<d. 


Viscodtiec 

■* 


MoL  oonc. 

2 

4 
10 
Solv. 


n  15*. 

•    ■    • 

0.02424 
0.02526 
0.02585 


II  25' 


«35' 


0.01697  0.01261 
0.01745  0.01276 
0.01760     0.01270 


Water. 

VisGodties. 

Mol.  oonc. 

9  15*.          f  25*. 

f  35*. 

2 

0.01075     0.00858 

0.00703 

4 

0.0II02      0.00871 

0.00705 

10 

O.OII22      0.00885 

0.00720 

Solv. 

O.OII34      0.00891 

0.00720 

Note. — ^The  salt  was  practically  insoluble  in  the  75%  and  50%  mixtures. 
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Tablk  V. 


Viscosity  of  Caesium  Chloride  in  Acetone-Water  Mixtures  at  15*,  25 

•.  ^^r 

75  %  Acetone. 

50%  Acetone. 

Viscodtlw. 

MoL  cone 

Vttcoiitln 

t 

Mol.  eooc. 

9  15».           n  25«. 

nis: 

»w. 

f25r 

fSS^. 

2 

•    •    •                              •    •   ■ 

a     «     ■ 

2 

0.01785 

0.01354 

0.01060 

4 

0.01188     0,00930 

0.00764 

4 

0.01783 

0.01337 

0.01038 

10 

O.OII35     0.00904 

0.00740 

10 

0.01777 

0.013 16 

0.01Q19 

Solv. 

O.OI125     0.00896 

25%  Acetone. 

ViacMrfUea. 

0.00732 

Solv. 
MoLoooc 

0.01766 

0.01306 

Water. 

0.01009 

l£ol.  cone. 

f  15*.           f25». 

f35«. 

f  15«. 

f2S* 

l3S» 

2 

0.0x647     0.01250 

0.00983 

2 

0.01098 

0.00877 

0.0713 

4 

0.01667     0.01254 

0.00979 

4 

O.OIIII 

0.00889 

0.0716 

10 

0.01677     0.01246 

0.00978 

10 

0. 01 133 

O.OOS88 

0.0719 

SolT. 

0.01690     0.01248 

0.00964 

Solv. 

O.OII34 

0.00891 

0.0730 

Tabls  VI. 
Viscosity  of  Caesium  Nitrate  in  Acetone-Water  Mixtures  at  15  ^  25* 
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75%  Acetone. 

50%  Acetone. 

ViacodtiM. 

MoL  cone. 

VlaeositkR 

■ 

HoLcoBc. 

tl5« 

,25* 

,33*. 

nW. 

,25«. 

fW. 

2 

4 

•  •  • 

■  •  • 

•  •     a 

•  •     a 

«     a     a 
•     a     a 

2 

4 

a      a     * 

0.01759 

•   •   • 

0.0x320 

•    a    a 

0.01030 

xo 

0.01143 

0.00804 

0.00737 

xo 

0.0X756 

0.01307 

0.01017 

Solv. 

0.01119 

0.00878 

0.00680 

Solv. 

0.0X767 

0.0x304 

0.0X007 

25%  Acetone. 

Water. 

Viscosities. 

• 

MoL  ooac. 

VtoCMitiCSL 

Mol.coae. 

^15-. 

V25«. 

^35». 

f  15-. 

f25*. 

fW. 

2 

0.016x0 

0.0x2x6 

0.00965 

2 

0.0x075 

0.00858 

O.007Q5 

4 

0.0x655 

0.01229 

0.00971 

4 

0.0x102 

0.00871 

0.00709 

xo 

0.0x665 

0.0x244 

0.00968 

xo 

O.OXX22 

0.00885 

0.00720 

Solv. 

0.01673 

0.0x232 

0.00962 

Solv. 

0. 01 134 

0.00891 

0.00720 

tion  is  also  a  function  of  the  anions  as  well  as  the  cations.  When  tiie 
volume  of  the  anion  is  very  small,  the  negative  efifect  on  viscosity  of  tiie 
cation  is  more  than  overcome,  and  positive  viscosity  results. 

Appl3ring  this  h3rpothesis  of  Jones  and  Veazey  to  mixed  solvents,  Jooet 
and  his  co-workers  have  been  able  to  explain  a  number  of  facts  which  otlier*; 
wise  appear  to  be  explicable.  For  a  detailed  discussion  of  this 
and  a  description  of  the  apparatus  used  in  this  investigation. 
Publications  Nos.  180  and  210  of  the  Carnegie  Institution  (rf  Wasfaiop' 
ton. 

Discussion  of  Results. 

As  can  be  seen  from  the  tables,  measturements  have  been  made  of 
viscosities  of  solutions  of  these  salts  at  15°,  25  ^  35**  in  mixtures  of  2$! 
50  and  75%  of  each  of  the  three  solvents  with  water.    Caesium  salt^' 
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with  the  possible  exception  of  the  carbonate,  are  practically  insoluble 
in  the  alcohols  and  in  acetone;  and  in  a  number  of  cases  it  was  impossi- 
ble to  obtain  solutions  more  concentrated  than  one-fourth  normal  in  the 
75%  mixtures.  In  fact»  caesium  nitrate  was  not  more  soluble  than  tenth- 
normal in  75%  methyl  alcohol  and  75%  acetone,  while  it  is  impossible  to 
obtain  even  that  concentration  in  75%  ethyl  alcohol.  One  peculiarity 
previously  noted  in  the  case  of  rubidium  chloride  in  75%  acetone  was  also 
observed  with  caesium  chloride.  A  one-half  normal  concentration  of 
this  salt  could  easily  be  prepared,  but  with  a  partial  separation  of  the  ace- 
tone from  the  solvent.  However,  on  cooUng  below  10°  a  perfectly  homo- 
geneous mixture  again  resulted,  which  separated  again  into  two  layers 
on  warming.  The  nitrate  at  this  concentration  merely  remained  par- 
tially undissolved.  The  results  obtained  are  tabulated  for  each  salt, 
under  the  heads  of  the  different  solvent  mixtures,  the  blank  spaces  indi- 
cating that  the  salt  was  insoluble  at  the  concentration  in  question.  In 
general,  both  of  the  salts  lower  the  viscosity  of  water  and  of  the  25% 
mixture  of  all  the  solvents,  and  increase  the  viscosity  of  the  75%  mixttu'e. 
These  facts  are  in  perfect  accord  with  the  resfllts  obtained  in  earlier  work 
with  salts  of  potassium  and  rubidium.  In  the  50%  mixtures  the  two  salts 
manifest  somewhat  different  behavior.  The  chloride  in  50%  methyl 
alcohol  shows  an  increase  in  viscosity  at  all  temperatures  for  the  most 
dilute  solutions,  and  a  tendency  of  the  more  concentrated  solutions  to 
pass  over  into  negative  viscosity.  The  nitrate  in  the  same  solvent  showed 
a  decided  negative  viscosity  effect. 

In  50%  ethyl  alcohol,  a  decrease  in  the  viscosity  of  the  solutions  as  com- 
pared with  that  of  the  solvent  was  noted  at  the  lower  temperature,  a  transi- 
tion to  positive  viscosity  taking  place  at  higher  temperatures.  Again, 
the  nitrate  decreases  the  viscosity  of  the  solvent  at  all  temperatures. 

With  regard  to  the  50%  acetone-water  mixture,  an  increase  in  viscosity 
at  all  temperatures  is  to  be  noted  in  the  case  of  the  chloride,  while  the 
nitrate  in  this  solvent  shows  a  tendency  to  decrease  the  viscosity  of  the  sol- 
vent, although  it  increases  at  the  higher  temperatures.  The  difference  in  the 
effect  produced  by  these  salts,  in  comparison  with  that  effected  by  the 
salts  of  rubidium,  lies  in  the  shifting  of  the  transition  point  from  negative 
to  positive  viscosity,  towards  the  mixtures  containing  the  larger  per- 
centage of  acetone.  This  follows  from  the  different  molecular  volumes 
of  the  cations  of  rubidium  and  caesium.  When  acetone  and  water  are 
mixed,  the  principal  changes  take  place  in  the  association  of  the  acetone. 
Consequently,  until  considerable  water  has  been  introduced  the  solvent 
particles  are  quite  large,  so  that  even  caesium  nitrate,  having  the  largest 
negative  viscosity  coefficient  in  water,  increases  the  viscosity  of  the  75% 
mixture  and  even  of  the  50%  mixture,  except  at  lower  temperatures. 
For  rubidium  salts,  no  examples  of  negative  viscosity  are  to  be  noted 
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until  the  37 . 5%  mixture  is  reached.  No  data  are  available  for  compari- 
son with  rubidium  salts  in  alcohol-water  mixtures,  but  it  has  been  sham 
that  potassium  iodide  increases  the  viscosity  of  these  mixtures  to  that 
concentration  containing  40%  alcohol.  In  this  instance,  however,  ca^ 
sium  nitrate  decreases  the  viscosity  of  the  50%  mixture,  positive  viscosity 
manifesting  itself  only  in  the  75%  mixture. 

This  shifting  of  the  transition  point  from  negative  to  positive  viscoaty 
towards  the  more  concentrated  solvents  (regarding  water  as  the  diluent) 
with  increase  in  the  molecular  volume  of  the  salt,  brings  out  clearly  the 
gradual  breaking  down  of  the  associated  molecules  into  smaller  particks 
with  greater  fractional  surfaces,  the  difference  in  the  sizes  of  the  parti- 
cles at  different  points  on  the  dilution  curve,  being  clearly  brought  oat 
by  the  effect  produced  by  salts  of  differing  molecular  volumes. 

The  apparent  transition  from  negative  to  positive  viscosity  with  rise 
in  temperature,  noted  in  certain  instances,  would  seem  to  indicate  either 
a  polymerization  of  the  salt  or  else  a  solvent  envelope  which  is  broken 
down  with  rise  in  temperature.  Since  these  salts  are  the  least  solvated, 
the  first  assumption  is  apparently  the  more  plausible. 

Measurements  are  now  in  progress  of  the  effect  of  these  salts  on  the 
viscosity  of  glycerol  and  of  glycerol-water  mixtures. 

Baltxmosb,  Mo. 
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This  article  describes  the  continued  search  for  a  rapid,  efficient  aadj 
economical  method  for  the  separation  of  yttrium  from  the  yttrium  earthi 
All  the  methods  which  are  herein  given  are  of  a  fractional  predpitatiaai 
type. 

Precipitation  by  Means  of  Ammonium  Sebacate. — ^About  1 2  g.  of 
mixed  oxides  were  dissolved  in  dilute  nitric  add,  diluted  to  1200CC. 
made  neutral  by  the  addition  of  ammonitun  hydroxide.  The  solu 
was  then  boiled  and  stirred  with  steam.  In  order  to  keep  the 
of  the  liquid  in  the  flask  constant,  a  bunsen  burner  was  always  kept  goiofj 
imdemeath.  When  the  liquid  boiled,  a  10%  solution  of  ammoaiuail 
sebacate  was  added  tmtil  a  fair-sized  precipitate  had  formed.  The  pre- 
cipitated sebacates  were  granular  and  filtered  readily.  The  filtrate 
Fraction  I  was  similarly  treated  and  this  was  carried  out  until  five 
tions  were  obtained.  The  various  fractions  were  dissolved  in 
nitric  acid,  boiled  and  precipitated  with  a  hot  solution  of  oxalic 
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The  granular  oxalates  were  washed,  ignited  to  constant  weight  aiid.the 
equivalent  determined  as  mentioned  in  Part  I. 

!•  *•  Sm  4a  '   ^>  ;  •  * 

Atomic  weight 97 .60  98.00  96.30  94.46  91 .70 .       , 

Weight  of  fraction 7  g.  i  7  g.  2 •  13  g-        5 '23  g.        2,23  g. 

A  noticeable  change  of  color  could  be  observed  in  going  from  Fraction  I, 
which  was  light  pink,  to  Fraction  5,  which  was  very  pale  pink,  almost 

R 

white. 

Precipitation  by  Means  of  Azobenzene  Sulfonic  Acid. — A  little  fii()re 
than  15  g.  of  the  oxides  was  dissolved  in  hydrochloric  acid  and  diluted 
to  500  cc.  The  solution  was  heated  to  boiling  in  a  beaker,  and  a  hot  solu- 
tion of  azobenzene  sulfonic  acid  was  slowly  added.  The  azobenzene 
sulfonates  were  precipitated  from  acid  solution,  and  when  sufficient 
had  formed  it  was  filtered  off  and  the  filtrate  treated  with  more  of  tht  re- 
agent. Five  fractions  were  obtained  in  this  way,  while  a  sixth,  was  ob- 
tained by  the  addition  of  oxalic  acid.  Since  the  azobenzene  sulfonates 
are  very  difficultly  soluble  even  in  concentrated  acids,  the  precipitates 
were  decomposed  by  boiling  with  sodium  hydroxide  solution.  The  re- 
sulting hydroxides 'were  dissolved  in  hydrochloric  acid,  and  the  oxalates 
thrown  down  by  oxalic  acid.  The  colors  of  the  fractions  showed  prac- 
tically no  change,  and  the  atomic  weights  given  below  show  that  no 
fractionation  took  place. 

1.  Z.  i»  4.  d.  •   9L' 

Atomic  weight 95.3        95.0        95.0        94.8        94,0        93.2    ■; 

Weight  of  fraction o-3  g-      06  g.      0.9  g.       i  .6  g.      0.5  g;. .  11 .9  g... 

Precipitation  by  Means  of  Potassium  Sulfite. — In  this  trial,  13  g.of 
oxide  were  dissolved  in  hydrochloric  acid,  evaporated  to  dryness,  taken 
up  ¥nth  water,  four  drops  of  HCl  added,  and  the  whole  diluted  to  rioo 
cc.  This  was  brought  to  boiling  and  stirred  with  steam  and  a  10%  solu- 
tion of  potassium  sulfite  was  added  drop  by  drop  from  a  separatory 
ftmnel.  Four  fractions  were  taken.  They  were  dissolved  in  dilute  HCl) 
precipitated  by  oxalic  acid,  ignited,  treated  with  boiling  water  to  remove 
any  potassium  salts,  redissolved  and  converted  into  the  oxalates..  The 
color  of  the  oxides  from  these  fractions  varied  from  pink  to  very; pale 
pink.  The  operations  were  easily  carried  out,  and  no  difficulty  was.  (ex- 
perienced in  filtering. 

I.  2.  3.  4. 

Atomic  weight 97.8  95.8  93.1  92.2        *' 

Weight  of  fraction 2 .3  g.  5  6  g.  4.3  g.  0.3  g. 

Precipitation  by  Means  of  Sodium  Citrate. — About  15  g.  of  oxides  were 
dissolved  in  HCl  and  made  neutral.  This  was  diluted,  to  1200  cc.  and 
precipitated  in  a  similar  manner  to  the  last,  with  the  exception  that  Imodium 
citrate  was  used  in  place  of  potassium  sulfite,  and  a  current  of  air  *was 
used  to  stir  the  solution.     Four  fractions  were  obtained,  and  the  filtfate 
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from  Fraction  4  was  precipitated  with  oxalic  add.    The  dtratcsum 

ignited  to  oxide,  the  latter  boiled  with  water  and  the  oxides  reoonverted 

Co  oxalates.     This  operation  was  always  carried  out  whenever  sodittni 

or  potassium  was  considered  to  be  present.     The  color  change  of  the 

oxide  agreed  with  that  of  the  stdfite  method. 

1.  2.  3.  4.  5. 

Atomic  weight 99 . 8  97 .6  95 . 6  93 .4  92 . 1 

Weight  of  fraction i.ig.        4.4  g.        3-9  g-        2.8  g.       3.1  g. 

Precipitation  by  Means  of  Sodium  Tungstate. — A  dilute  solution  d  tk 
nitrates  containing  about  12  g.  of  oxide  in  1200  cc.  was  boiled,  stirred 
and  precipitated  with  a  20%  solution  of  sodium  tungstate.  The  tungstato 
that  were  thrown  down  were  very  colloidal,  and  could  not  be  easily  fil- 
tered.    They  were  allowed  to  stand  overnight  to  settle  and  nvere  thai 

de(x>mposed  by  sodium  hydroxide  and  converted  into  oxalates. 

1.  2.  3.  4.  5.  <i 

Atomic  weight 96.9        97.7        97.0        96.9        94-4        911 

Weight  of  fraction 0.12  g.    1.30  g.     1.20  g.    2.20  g.     i.4og.    3.70g. 

Precipitation  by  Means  of  Sodium  Tartrate. — Seven  grams  of  the  oodds 

were  dissolved  in  nitric  acid  and  made  neutral.     The  liquid  was  predpiti-i 

fed  at  the  boiling  point  with  a  20%  sodium  tartrate. 

1.  2.  3. 

Atomic  weight 98. 4  96.  i  94-4 

Weight  of  fraction 2 .  i  g.  2 . 5  g.  2 .0  g. 

Precipitation  by  Means  of  Sodium  m-Nitrobenzoate. — ^A  solutioo  of 
f  2  g.  of  the  oxides,  made  similarly  to  the  last  test,  was  diluted  to  i2OO0Ci| 
and  fractionally  precipitated  at  the  boiling  point  with  sodium  m-nii 
benzoate.     The  five  fractions  obtained  showed  by  color  and  equi 
determinations  that  no  fractionation  had  taken  place. 

Precipitation  by  Means  of  Ammonium  Camphorate. — Seven  grams 
oxide  were  dissolved  in  nitric  add  and  made  neutral  by  ammonium 
droidde.     The  boiUng  liquid  was  then  precipitated  by  a  solution  of 
diotiium   camphorate.     The    precipitate    was    very    gelatinous    and 

mass  filtered  badly. 

1.  2.  3.  4. 

Atomic  weight 95 .  i  94 . 8  93 . 3  93 .3 

Weight  of  fraction i  -9  g-  1  9  g-  1  .1  g-  4-3  8- 

'  Precipitation  by  Means  of  Sodium  Phenoxyacetate. — Eight  grams  4 
oxides  were  used  in  this  case.  The  precipitation  was  carried  out  in  beM 
ers  at  the  boiling  point  of  the  solution.  The  equivalent  determinatipl 
showed  that  in  this  case,  like  the  last  two,  almost  no  fractionation  hi 

taken  place. 

1.  2.  3. 

Atomic  weight 95 . 1  95 .  i  93  9 

Weight  of  fraction i-4g-  2.0  g.  5og 

'  Precipitation  by  Means  of  Potassium  CobaiticTanide. — ^About  15 1 
of  the  oxides  were  dissolved  in  hydrochloric  acid,  the  solution  evaponM 
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to  dryness  and  taken  up  with  water.    The  solution  was  boiled  and  stirred 

with  steam,  while  a  solution  of  potassium  cobalticyanide  was   run  in 

slowly  by  means  of  a  separatory  funnel.    The  cobalticyanides  were  thrown 

down  in  the  form  of  a  white,  granular  precipitate.    The  liquid  filtered 

easily,  and  the  filtrate  was  precipitated  by  oxalic  acid.    The  rare  earth 

cobalticyanide  was  found  to  be  insoluble  in  concentrated  HCl  or  HNCV 

However,  they  were  found  to  be  easily  attacked*  by  sodium  hydroxide. 

The  oxalates  that  were  finally  obtained  varied  very  considerably  in  their 

color.     Fraction  i  was  quite  pink  while  Fraction  2  was  nearly  white.    The 

latter  showed  only  traces  of  erbium  when  examined  by  the  spectroscope. 

1.  2. 

Atomic  weight 97 . 2  91 .3 

Weight  of  fraction 9  •  4  g-  4  •  9  S- 

This  great  difference  between  two  fractions  appeared  to  be  very  promis- 
ing and  Fraction  i  was  run  again,  and  the  new  first  fraction  examined  with 
regard  to  the  equivalent.  The  result  showed  an  atomic  weight  of  about 
107,  and  the  oxide  itself  was  of  a  pale  rose  color.  Since  the  result  was 
so  very  good,  it  was  thought  best  to  check  it  by  running  a  larger  quantity 
of  oxide.  This  time  four  fractions  were  obtained  by  adding  potassium 
cobalticyanide,  while  the  fifth  was  formed  by  adding  oxalic  acid  to  the 

filtrate  from  Fraction  4. 

1.  2.  3.  4.  5. 

Atomic  weight 98.7  95.1  90.8  88.2  90.5 

Weight  of  fraction 1 1  -9  g*       1 1  -3  g.      10.4  g.        4.  i  g.        0.7  g. 

Fraction  5  was  interesting  because  of  the  high  atomic  weight.  How- 
ever, the  spectroscope  showed  the  presence  of  neodymium.  This  frac- 
tion, and  also  Fraction  4,  showed  an  entire  absence  of  erbium  bands. 
The  color  of  the  oxides  was  white,  while  that  of  Fraction  i  bad  a  decided 
pink  tint. 

This  method  for  the  preparation  of  ptnre  yttrium  is  without  doubt 
one  of  the  most  rapid  that  the  writers  have  come  across.  The  greatest 
difficulty  consists  in  controlling  the  quantity  of  precipitate. 

Further  investigations  are  to  be  carried  on,  in  the  near  futtu-e,  with  this 
very  interesting  reagent. 
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In  a  previous  paper^  the  author  discussed  the  preparation  and  properties 

of  perceric  potassium  carbonate.    Special  attention  was  given  to  the 

1  This  paper  is  based  upon  part  of  a  thesis  submitted  to  the  Graduate  Faculty  ot 
the  University  of  Wisconsin  for  the  degree  of  Doctor  of  Philosophy. 
«  This  Journal,  37>  2338  (1915). 
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maaner  in  which  the  oxygen  was  combined.  Two-thirds  of  the  vrtMk 
oxygen  was  shown  to  be  peroxide  oxygen.  The  present  paper  is  the  re- 
suit  of  a  series  of  experiments  conducted  to  investigate  the  possibility 
<rf  preparing  other  perceric  derivatives. 

Perceric  Sodium  Carbonate. — Hitherto  it  has  been  impossible  to  pre- 
pare  the  sodium  compound  by  a  method  analogous  to  that  employed  far 
the  preparation  of  the  potassium  compound.  However,  by  treatmeot 
of  the  perceric  ammonium  carbonate  scdution  with  solid  sodium  carboDatt 
in^  excess  and  evaporating  slowly  in  vacuo,  a  compound  differing  in  maor 
respects  from  the  potassium  compound  can  be  obtained.  The  crystaDiK 
salt  is  prepared  as  follows:  26  g.  of  cerous  ammonium  nitrate  are  dissolved 
in  30  cc.  of  water  and  added  slowly  with  stirring  to  350  cc.  of  a  saturated 
solution  of  ammonium  carbonate,  to  which  10  cc.  of  30%  hydrogen  per- 
Qjdde  have  just  previously  been  added.     The  whole  is  then  agitated  ia 

J  tall  cylinder  with  a  rapid  stream  of  air,  or  carbon  dioxide,  until  a  maximna 
epth  of  color  is  obtained.  Three  hours'  agitation  is  entirely  soft 
dent.  The  dark  red  perceric  ammonium  carbonate  solution  thus  prepant 
is  then  transferred,  together  with  the  undissolved  portion  of  the  pre-: 
cipitate,  to  a  tall  beaker.  200  g.  of  anhydrous  sodium  carbonate  are  tha 
slowly  added  with  constant  stirring.  The  beaker  is  then  placed  in  i 
vacuum  desiccator  containing  sulfuric  acid  in  the  lower  compartment 
and  potassium  hydroxide  in  small  dishes  in  the  upper  compartmeat 
The  mixture  is  evaporated  in  vacuo  at  ordinary  room  temperature  uflS 
most  of  the  ammonia  has  been  evolved  and  absorbed.  When  effervesoeaoB 
ceases  in  a  good  vacuum  the  operation  is  discontinued.  The  timeiv 
quired  will  not  ordinarily  exceed  48  hotu^.  A  pasty  mass  of 
carbonate,  sodium  bicarbonate,  sodium  nitrate  and  the  perceric 
compound  remains  behind.  The  concentrated  solution  is  filtered 
a  Btichner  funnel  and  combined  with  the  first  extracts.  The  solid 
darbonate,  etc.,  is  thoroughly  mixed  with  a  small  portion  of  water, 
solution  is  conveniently  made  in  a  porcelain  mortar.  The  thick 
is  then  transferred  to  a  Biichner  funnel  and  the  extract  drawn  off. 
operations  of  extracting  with  a  small  portion  of  water  and  filtering 
repeated  until  the  solution  obtained  is  no  longer  deeply  cc^ored. 
various  extracts  are  kept  separate,  or  at  least  only  those  of  appro: 
the  same  strength  are  combined.  It  is  advantageous  to  start  se 
preparations  of  the  size  indicated  above  and  to  combine  them  in  the  piii 
ceas  of  extraction.  The  various  extracts  are  kept  at  about  5''  for  at  kaj 
48  hours.  Usually  a  crop  of  crystals  will  have  separated  by  this 
If  the  mother  liquor  be  allowed  to  stand  long^  another  crop  will 
especially  if  a  crystal  from  the  first  crop  is  left  in  the  beaker.  The 
crop  is  rarely  contaminated  with  solid  sodium  carbonate,  etc.,  but  the 
crop  usually  is.    After  pouring  off  the  mother  liquor  it  is  well  to 
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any  large  crusts  of  sodium  carbonate,  etc.,  that  may  be  present.  The 
crystals  are  then  transferred  to  a  Gooch  crucible,  or  Biichner  fimnel  with 
fine  perforations,  and  washed  with  a  coarse  stream  of  pure  ice  water. 
A  good  supply  of  pure  ice  water,  made  by  letting  the  wash  bottle  stand  in 
an  ice-salt  mixture,  should  be  at  all  times  present  in  the  wash  bottle. 
Mere  cold  water  will  not  suffice.  A  strong  suction  is  employed.  Neither 
filter  paper  nor  asbestos  are  used,  since  it  is  necessary  that  the  washing 
and  drying  be  done  rapidly.  After  the  crystals  have  been  washed,  the 
strong  suction  is  continued  and  the  crystals  stirred  with  a  glass  rod  tmtil 
they  no  longer  adhere  to  each  other  or  to  the  stirring  rod.  When  dealing 
with  small  quantities  it  is  best  to  hasten  the  drying  by  slipping  a  cylinder 
of  hardened  filter  paper  down  the  side  walls  of  the  Gooch  crucible. 

The  crystals  are  sometimes  as  much  as  i  cm.  long  and  2  to  3  mm.  in 
diameter.  The  large  crystals  appear  black  and  the  small  ones  a  very  deep 
red.  In  thin  layers  the  compound  is  transparent.  It  is  only  sparingly 
soluble  in  cold  water,  differing  markedly  in  this  respect  from  the  potassium 
compound,  the  wash  water  from  which  is  colored  deep  red,  almost  black, 
while  the  sodium  salt  colors  the  wash  water  yellow.  The  sodium  com- 
pound effloresces  in  dry  air  more  readily  than  the  potassium  compound. 
Sodium  perceric  carbonate  must  therefore  be  kept  in  a  tightly  stoppered 
bottle.  A  light  brown,  opaque  compound  is  formed  on  efflorescence, 
which  retains  the  external  form  of  the  original  crystals.  Contact  with 
moisttu-e  above  0°  causes  hydrolysis.  The  crystals  turn  a  dirty  green 
color.  With  large  quantities  of  water  above  0°  the  crystals  are  com- 
pletely decomposed  and  a  gelatinous,    orange-red  precipitate  is  formed. 

The  compound  was  analyzed  by  the  methods  employed*  for  the  analysis 
of  the  potassium  compound.     The  results  obtained  were  as  follows: 

Tablb  I. 

Ratio. 

^ • — ' *      Theorct. 

I.  n.  m.  Ar.  Det.     Probabls.      comp. 

Cc 19-41%     19.40%     19.44%     19.42%      1.98  2        19.63% 

Na«0 17.70         17.70         17.71         17.70  4.08  4         17.36 

CO2 18.41         18.54  .'•  18.48  6.01  6         18.47 

o* 3.46       3.47         ••        3.47       3.10       3       3.36 

O* 3.60  3.63  ...  3.59*         3.21  3  3.36 

HjO 37.42         37  26  ...  37-34         29.62         30         37-82 

The  formula  for  perceric  sodium  carbonate  is  therefore  written 
Ce204(C08)2.4Na«COs.3oH20.  An  interesting  relation,  though  possibly 
without  significance,  is  brought  out  by  writing  the  formulas  of  the  double 
potassitun  and  sodium  compotmds  as  follows : 

*  Tbob  Journal,  37»  2338  (1915)- 

*  Available  oxygen. 

*  Unavailable  oxygen  not  otherwise  reported  determined  by  diflFerence. 
^  This  value  is  not  an  average  but  is  obtained  by  difference. 
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Cei04(COs)2.KaC08.3(K4COa.4HjO) 
Ce204(CO,)2.Na«CO«.3  (Na«CO,.  loHjO) 

Rubidium  Perceric  Carbonate. — ^The  rubidium  perceric  carbonate 
solution  was  prepared  by  a  method  similar  to  that  employed  for  tbe 
preparation  of  the  potassium  compound.  Owing  to  the  limited  supply 
of  material  the  following  modification  was  adopted:  4  cc.  of  hydrogea 
peroxide  were  mixed  with  135  cc.  of  rubidium  carbonate  solution  wliidi 
contained  about  170  g.  of  rubidium  carbonate.  A  solution  of  ccroos 
ammonium  nitrate,  consisting  of  10  g.  of  the  salt  dissolved  in  15  cc.  of 
water,  was  added  gradually,  with  stirring.  The  whole  was  heated  to  6o* 
when  almost  all  of  the  red-brown  precipitate  redissolved.  The  warm 
solution  was  chilled  almost  to  o^  and  carbon  dioxide  passed  through  until 
a  large  portion  of  the  rubidium  carbonate  had  been  converted  to  the  bi- 
carbonate. The  excess  of  the  rubidium  bicarbonate  was  then  filtered 
off  by  means  of  a  glass  wool  filter.  The  remainder  of  the  insoluble  material 
was  then  removed  by  filtration  through  a  Biichner  funnel  provided  with  a 
hardened  filter,  or  with  a  specially  prepared  asbestos  felt.  The  resulting 
solution,  though  very  deeply  colored,  was  not  sufficiently  concentrated  to 
yield  crystals  on  cooling,  so  that  evaporation  in  vacuo  over  sulfuric  acid  was 
required.  After  some  time  the  solution  became  suflSciently  concentrated 
to  deposit  crystals.  These  crystals  were  ruby-red  in  color  and  closdy 
resembled  those  of  the  potassium  compound,  but  have  not  yet  been  ana- 
lyzed. 

The  rubidium  perceric  carbonate  solution  is,  if  an3rthing,  more  readily 
prepared  than  the  corresponding  potassium  solution  and  much  less  readOy 
hydrolyzed.  Oxygen  is  liberated  when  perceric  rubidium  carbonate 
solutions  are  left  in  contact  with  lead  dioxide. 

Perceric  Ammonium  Carbonate. — ^The  isomorphism  of  many  anmuxunm 
salts  with  the  corresponding  potassium  salts  suggests  the  possibility  of 
preparing  perceric  ammonium  carbonate.  As  a  matter  of  fact  a  perceric 
ammonium  carbonate  solution  may  be  prepared  by  a  method  analogoos 
to  that  employed  for  the  preparation  of  a  perceric  potassium  carbooate 
solution.  The  essential  difference  is  that  the  operation  of  heating  to  60* 
is  omitted.  Solution  is  accomplished  by  agitation  for  about  three  houis 
with  a  current  of  air  or  of  carbon  dioxide.  The  details  of  the  prepars- 
tion  have  been  given  under  the  preparation  of  the  soditmi  compoosd, 
for  which  purpose  the  perceric  ammonium  carbonate  solution  can  be  used 
to  advantage.  The  last-mentioned  solution  is  less  stable  than  the  corre- 
sponding solution  of  the  potassium  compound,  is  easily  hydrol)r2ed  and 
decomposes  on  standing  with  the  formation  of  a  yellow  precipitate,  pre- 
sumably eerie  carbonate.  Although  repeated  attempts  have  been  made 
to  crystallize  out  the  double  ammonium  compound  by  cooling  the  straog 


J 


THB  DBRIVATIVB8  OF  PE&C8RIC  OXID8.     n.  2649 

-solution  and  by  slow  evaporation  in  vacuo  in  the  cold,  such  efforts  have 
proven  unsuccessful. 

Ottier  Perceric  Double  Carbonates. — ^The  preparation  of  other  per> 
•eerie  carbonates  than  those  of  the  alkaUes  presents  certain  inherent 
•difficulties.  Indeed,  it  is  almost  certain  that  the  main  reason  for  the 
fact  that  double  sodium  perceric  carbonate  cannot  be  prepared  by  a 
method  analogous  to  that  used  for  the  potassium  compound  is  that  the 
solubility  of  the  sodium  carbonate  in  water  at  ordinary  temperattu'es  is 
much  less  than  that  of  potassium  carbonate.  Another  factor  possibly 
is  the  lesser  solubility  of  the  double  sodium  compound.  In  order  that  the 
•double  perceric  carbonate  of  a  metal  may  be  easily  prepared  by  the  above 
method  it  seems  that  the  carbonate  of  that  metal  must  be  very  soluble. 
Also»  the  more  electropositive  the  metal  the  more  easily  is  the  double 
•compound  prepared.  The  method  used  for  the  preparation  of  the  sodium 
<x>mpound  could  probably  be  used  for  the  preparation  of  the  double  pier- 
•eerie  carbonates  of  other  metals. 

The  Preparation  of  Other  Perceric  Compounds  than  the  Carbonates.— 

The  substitution  of  various  other  acidic  elements  and  radicals  for  the 
•carbonate  groups  would  seem  to  be  easily  accomplished,  but,  as  previously 
stated,  treatment  with  the  mineral  acids  brings  about  complete  decom- 
position of  the  perceric  complex.  The  action  of  acetic,  propionic  and 
butyric  acids  is  somewhat  different.  Here  the  solutions  that  result  on 
neutralization  are  more  or  less  colored.  However,  at  least  partial  de- 
composition takes  place,  so  that  the  problem  cannot  be  solved  in  this  way. 
The  possibility  of  using  other  readily  soluble  salts  of  weak  adds  in- 
stead of  potassium  carbonate  was  investigated  and,  of  the  salts  that  were 
tried,  only  potassium  acetate  and  magnesium  acetate  yielded  the  desired 
results.  The  red  coloration  produced  by  treating  alkaline  acetate  solu- 
tions of  cerium  with  hydrogen  peroxide  was  used  by  Hartley^  as  a  quali- 
tative test  for  the  presence  of  cerium,  but  he  seems  not  to  have  studied 
the  solution  quantitatively.  The  use  of  hydrogen  peroxide  and  sodium 
or  magnesium  acetate  as  a  means  of  separating  cerium  from  a  mixture  of 
rare  earths  has  been  studied  by  Meyer  and  Koss.*  The  potassium  per- 
ceric acetate  solution  used  in  the  work  described  below  was  prepared  as 
follows:  2.5  cc.  of  30%  hydrogen  peroxide  are  mixed  with  100  cc.  of  satu- 
rated potassium  acetate  solution  contained  in  a  small  flask.  10  cc.  of  cerous 
ammonium  nitrate  solution,  containing  about  6.5  g.  of  the  salt,  are  added 
^owly  ynih  constant  stirring.  The  white  precipitate  which  forms  at 
first  is  presumably  cerous  acetate.  This  precipitate  redissolves  on  ro- 
tating the  flask  and  the  solution  changes  from  yellow  to  deep  cherry-red 

> /.  Chem.  Soc.,  41,  203  (1882);  Chem.  News,  45,  40  (1882);  Ber.,  15,  [i]  1439 
(1882);  Jahrb.  Fortschr.  Chem.,  35,  281  (1882). 
>  Ber.,  35,  [1I673  (1902). 
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in  color.  In  a  short  time,  in  fact  almost  immediately  on  wanning,  a 
gelatinous  red-brown  precipitate  forms  which  redissolves  on  standing,  en 
heating  to  60°,  or  on  agitating  with  a  current  of  air.  By  these  means  the 
excess  of  hydrogen  peroxide  is  removed  and  a  deep  cherry-red  solutioQ 
is  obtained  identical  in  appearance  with  the  red  solution  formed  at  the  be- 
ginning, but  more  stable.  It  is  probable  that  the  excess  of  hydrogen 
peroxide  is  in  part,  at  least,  combined  with  the  red-brown  insoluble  coDh 
pound  which  forms,  and  that  this  intermediate  compound  is  broken  up  on 
agitation,  heating  to  60°,  etc.  The  red-brown  precipitate^  seems  therefore 
to  contain  more  oxygen  than  corresponds  to  the  oxide  CeOt.  To  obtain 
the  solutions  analyzed,  the  red-brown  precipitate  was  redissolved  by  heal* 
ing  slowly  to  60°  and  agitating  until  solution  was  complete.  The  red 
liquid  was  then  cooled  rapidly  to  room  temperature. 

The  ratio  of  cerium  to  oxygen  in  this  solution  was  determined  by  the 
following  method:  0.7  g.  of  ferrous  ammonimn  sulfate  was  placed  in  a 
dry  titration  flask-  and  the  air  displaced  by  carbon  dioxide.  The  ferrous 
sulfate  was  then  dissolved  in  a  minimum  amount  of  cold  boiled  water. 
50  cc.  of  saturated  sodium  pyrophosphate  were  added  and  the  flask  shaken 
tmtil  the  precipitate  which  formed  at  first  redissolved.  5  cc.  of  the  per- 
ceric  potassium  acetate  solution  were  mixed  with  10  cc.  of  saturated 
potassium  carbonate  solution  and  added  through  a  dropping  funnel.  30 
cc.  of  sattu-ated  potassium  bicarbonate  solution  were  used  to  wash  the 
beaker,  and  were  followed  by  a  minimum  amount  of  cold  boiled  water. 
The  titration  of  the  excess  of  Mohr's  salt  was  made  with  potassium  per- 
manganate solution  as  described  in  a  previous  paper.* 

When  5  cc.  of  the  perceric  acetate  solution  were  measured  out  for  the 
determination  of  available  oxygen  a  similar  portion  was  also  measured 
out  for  the  determination  of  the  cerium.  5  cc.  of  concentrated  nitric 
acid  were  added  and  the  solution  evaporated  to  dryness.  In  this  way  most 
of  the  acetic  acid  was  removed.  The  residue  was  dissolved  in  water  acidi- 
fied with  nitric  acid  and  the  cerium  precipitated  from  tlie  boiling  solutica 
by  the  addition  of  ammonium  oxalate  solution  in  slight  excess.  The 
cerous  oxalate  was  filtered  off,  ignited  and  weighed  as  Ce02. 

The  ratio  calculated  from  the  results  obtained  from  two  different 
perceric  potassium  acetate  solutions  was: 

Atoms  of  Ce  :  Atoms  of  O  (available)  :  :  (I)  2  :  2.66,    (II)  2  :  2.67. 
The  instability  of  the  perceric  acetate  solution  accounts  for  the  difference 
between  these  results  and  the  theoretical  ratio  2:3.    An  idea  of  the  rate 
of  decomposition  is  given  by  the  following  results  obtained  from  the  same 
solutions  one  hour  later. 

Atoms  of  Ce  :  Atoms  of  O  (available)  :  :  (I)  2  : 2.51,    (II)  2  : 2.45. 

1  Cf.  Job,  Ann,  chim,  phys,,  [7]  ao,  261  (1900). 
*  Loc.  cU. 
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The  solution  of  perceric  potassium  acetate  is  hydrol3rzed  by  water, 
liberates  iodine  from  potassium  iodide,  yields  a  blood-red  solution  with 
potassium  carbonate  and  a  red-brown  precipitate  with  hydrogen  per- 
oxide. Added  to  potassium  acetate  solution  containing  a  little  acetic 
acid,  perceric  potassitmi  acetate  solution  is  partially  decomposed  and 
oxygen  is  evolved.  No  success  has  thus  far  attended  the  attempts  to 
crystallize  out  a  double  perceric  acetate.  However,  the  use  of  the  solution 
in  the  preparation  of  other  perceric  compounds  is  quite  possible. 

The  preparation  of  other  perceric  acetate  solutions  than  those  of  the 
alkalies  can  probably  be  accomplished.  At  any  rate,  if  an  attempt  be 
made  to  prepare  perceric  magnesium  acetate  solution  by  a  method  analo- 
gous to  that  used  for  perceric  potassium  acetate,  a  blood-red  solution  is 
obtained,  especially  on  standing. 

Summary.   , 

Perceric  sodium  carbonate  has  been  prepared  for  the  first  time  and  the 
rather  tmusual  method  of  preparation  given  in  detail.  The  formula  is 
found  to  be  Ce204(COs)2.4Na2C08.3oH20.  Although  this  compound 
closely  resembles  the  double  potassium  perceric  carbonate  in  its  chemical 
properties  it  differs  markedly  from  the  latter  in  physical  properties,  such 
as  color  solubility. 

Crystals  of  the  rubidium  perceric  carbonate  have  been  prepared,  but 
not  in  sufficient  quantity  for  detailed  study.  It  was  observed,  however, 
that  they  resemble  in  appearance  the  corresponding  potassium  compound. 

A  method  for  the  preparation  of  a  perceric  ammonium  carbonate  solu- 
tion has  been  described  and  some  of  its  properties  studied,  but  the  com- 
pound has  not  been  isolated. 

The  solution  prepared  by  the  action  of  hydrogen  peroxide  on  a  cerous 
salt  dissolved  in  potassium  acetate  solution  has  been  shown  to  contain 
cerium  in  the  perceric  form  and  the  important  properties  of  this  solution 
have  been  described. 

The  double  perceric  compounds  thus  far  prepared  show  the  following 
general  characteristics:  The  metallic  constituent  other  than  cerium  is  a 
strong  base  and  the  add  radical  is  that  of  a  weak  acid.  The  simple  salt 
which  unites  with  the  perceric  complex  is  very  soluble.  In  the  cases  in 
which  analyses  have  been  made  the  cerium  is  in  a  state  of  oxidation  corre- 
sponding to  the  oxide  CeOs.  Half  of  the  total  oxygen  combined  directly 
with  the  cerium  is  available  for  wet  oxidation  imder  certain  restricted 
conditions.    Two-thirds  of  the  total  available  oxygen  is  peroxide  oxygen. 

The  facts  with  regard  to  perceric  compounds  are  of  unusual  interest 
and  suggest  lines  for  ftuther  investigation.  The  separation  of  .cerium 
from  thorium  has  been  studied  by  many  chemists.  No  doubt,  perceric 
compounds  present  certain  possibilities  for  a  new  and  better  solution  of 
this  problem.     Another  problem  worthy  of  investigation  is  the  formation 
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of  double  peroxidized  compounds  of  those  rare  earths  which  have  been 
shown  by  Cleve  and  others  to  form  peroxides.  If  a  number  of  sudi 
compounds  could  be  prepared  they  would  no  doubt  exhibit  a  variety  in 
their  chemistry  sufficient  to  insure  a  comparatively  rapid  and  easy  sepm- 
tion  of  at  least  some  members  of  the  rare  earth  group. 

In  conclusion,  the  author  wishes  to  thank  Professor  Victor  Lenher 
for  helpful  suggestions  and  for  the  interest  which  he  has  taken  in  the  abofve 
work. 

MADI8OR.   WlSOONUM. 
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SOME  NEW  RARE  EARTH  COMPOUNDS. 

By  a.  J.  GftANT  AND  C.  Jaxss. 
Received  Oetober  11,  1915. 

The  methods  of  separation  of  the  rare  earths,  although  greatly  improved 
during  recent  years,  still  leave  much  to  be  desired.  This  is  especiallj 
true  of  the  terbium,  dysprositun,  holmium  portion.  Accordingly  it  seemed 
advisable  to  continue  the  search  for  stdtable  compounds  either  for  oys- 
tallization  or  precipitation.  Some  of  the  more  interesting  salts  whidi 
were  prepared,  are  described  below: 

Terbium  Pyromucate,  Tb(C4H,COO)3.5H20.— This  salt  was  obtained 
by  neutralizing  an  aqueous  solution  of  the  acid,  heated  upon  the  wattf 
bath,  with  terbium  hydroxide.  In  preparing  salts  of  terbium  derived 
from  weak  acids,  it  was  found  necessary  to  use  terbium  hydroxide,  for  dK 
common  oxide  of  terbium  is  a  heavy,  dark  brown,  sometimes  almost 
black,  substance  very  difficultly  soluble  in  adds.  When  boiled  with  hydro- ^ 
chloric  acid,  it  showed  no  signs  of  dissolving  for  a  long  time,  but  sud- 
denly the  whole  went  into  solution. 

The  solution  of  the  pyromucate  was  filtered,  evaporated  and  aOowcd 
to  crystallize.  The  compound  formed  radiating  crystals,  which  wot 
very  soluble  in  water. 

For  analysis,  some  of  the  compotmd  was  weighed  out  and  ignited  to 
the  dark  oxide.  This  dark  oxide  was  then  calculated  to  the  white  osadt 
by  using  a  conversion  factor,  which  had  previously  been  detennioed 
by  a  series  of  experiments  in  which  the  dark  oxide  had  been  converted 
to  the  normal  type  of  oxide  by  heating  in  a  current  of  hydrogen.  The 
amount  of  TbtOz  found  indicated  that  five  molecules  of  vrater  w&t 
present.  After  heating  for  twelve  hours  at  94®  in  a  dr3ring  oven,  mat- 
tenths  of  the  water  was  lost. 

Terbium  x»2,4-Bromonitrobenzette8ulfonatei  Tb(CeH«Br.NOt.S0bO)i.- 
loHjO. — This  salt  was  obtained  in  a  similar  manner  to  the  pyromnctle. 
with  the  exception  that  the  solution  was  evapordted  to  dryness,  the  fe»- 
due  treated  vnth  alcohol  and  the  remaining  solid  recrystallized  from  irftter. 
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It  formed  a  heavy  white  compound,  made  up  of  very  fine  crystals.  An 
analysis  gave  a  mean  of  15. 59%  of  terbium  oxide,  while  theory  demands 

15  •  49%- 
The  solubility  of  this  bromonitrobenzenesulfonate  did  not  appear  to 

differ  much  from  that  of  gadolinium.    Though   these   compounds  are 

well  defined,  they  seem  to  be  of  no  use  for  separating  the  rare  earths. 

Terbium  Propionate,  Tb(CiH5COO)C.2H20.— The  hydroxide  was  dis- 
solved in  propionic  acid  until  nearly  neutral.  The  filtered  solution  was 
evaporated  a  Uttle,  and  allowed  to  cool,  when  the  salt  crystallized  out. 
It  formed  thin,  white,  powdery,  voltuninous  crystals.  The  percentage 
of  the  normal  oxide  agreed  fairly  well  with  a  formula  containing  two  mole- 
cules of  water  of  crystallization. 

The  citraconate  and  the  quinate  were  fotmd  to  be  very  soluble  sub- 
stances. 

•  Caesium  Ceric  Chloride  is  a  not  very  stable  compound  and  is  formed 
as  follows:  A  solution  of  cerous  nitrate  was  precipitated  hot  by  sodium 
hydroxide  and  bromine.  The  ceric  hydroxide  which  was  formed  was 
filtered  off  and  carefully  washed  with  water  to  remove  all  sodium  salts. 
The  ceric  hydroxide  was  suspended  in  ethyl  alcohol  and  dry  HCl  gas 
was  passed  in  while  the  container  was  kept  cool.^  The  reddish  ceric 
diloride  was  filtered  and  mixed  with  caesium  chloride  in  aqueous  alco- 
hol. A  yellow  precipitate  formed  immediately.  This  was  separated  upon 
a  filter  and  washed  with  alcohol.  It  did  not  appear  to  be  a  definite 
compound.  Ceric  chloride  also  gives  a  similar  derivative  with  tetra- 
methyl  ammonium  chloride.  This  is  apparently  a  little  more  stable. 
Ceric  pyridine  chloride  described  in  the  article  referred  to  above  is  not 
very  definite  since  the  authors  obtained  material  differing  in  composi- 
tion by  var3ang  the  amoimts  of  the  reacting  salts. 

Double  Nitrates  of  the  Rare  Earths  with  Ferrous  Nitrate. — In  order 
to  prepare  these  compounds,  the  writers  first  made  a  solution  of  ferrous 
nitrate  by  treating  ferrous  sulfide  with  nitric  acid  of  a  density  less  than 
1 .  12.  The  liquid  was  evaporated  below  60°,  until  green  crystals  of  ferrous 
nitrate  resulted.  This  very  unstable  nitrate  was  dissolved  in  water  and 
a  solution  of  the  required  rare  earth  nitrate  added.  In  the  case  of  the 
lanthanum  double  salt,  the  mixed  solutions  were  placed  in  a  desiccator 
over  sodium  hydroxide,  and  a  vacuum  maintained  until  a  sufficient  amount 
of  lanthanum  ferrous  nitrate  had  collected.  The  fiat,  green  hexagonal 
crystals  were  fairly  stable  in  the  absence  of  air.  When  exposed  to  the  air 
they  slowly  turned  reddish  brown,  owing  to  the  formation  of  a  basic  ferric 
salt 

An  analysis  gave  20.02%  La^Os  and  14.98%  of  iron  in  the  form  of 
Pe»0,.    This  corresponds  well  with  the  formula 

'  Z.  anorg.  Chem.,  x8,  305  (1S98). 
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3Pe(NOa)i.2La(N03)».24H,0. 
or  the  general  type, 

3R(NO,)a.2X(NOs)8.24H,0, 

where  R  =  Mg,  Mn,  Co,  Ni,  Zn  or  Fe". 

Lanthanum  Pyromucate,  La(C4HsO.CC)0)3.2HsO. — ^This  lanthanum 
compound  separated  very  easily  in  the  form  of  crystals  from  sohitkm  io 
hot  water.  The  results  of  the  analysis  of  two  different  prepaiatiQQS 
indicated  the  presence  of  two  molecules  of  water  of  crystallization. 

Yttrium  Pyromucate,  Yt(C4H80.COO)3.3HtO.— This  was  prepared  ini 
a  similar  manner  to  the  above.  An  anal3rsis  showed  the  presence  of  three 
molecules  of  water  of  crystallization.  Upon  comparing  the  amounts  d 
water  of  crystallization  contained  by  the  terbium  and  yttrium  salts,  it 
would  seem  that  more  than  one  state  of  hydration  occurs.  These  com* 
pounds  Willi  be  studied  more  completely  later  on  when  the  writers  are 
able  to  obtain  a  larger  amount  of  add. 

DcntBAM.  N.  H. 


AN  AUTOBCATIC  VACUUM  PUMP. 

Br  Ono  Maass. 

Received  September  20.  1915. 

The  following  is  a  description  of  a  T5pler^  vacuum  pump  which,  in 
conjunction  with  an  aspirator,  works  automatically.  The  arrangeniait 
does  not  involve  the  use  of  a  mechanical  spring  or  valve,  is  very  simpla 
to  make,  and  can,  with  perfect  safety,  be  allowed  to  run  for  an  indefinite 
period. 

The  diagram  shown  below  has  been  drawn  to  scale  exhibiting  the  exact; 
construction  of  a  pump  which  has  been  in  use  for  some  time. 

A  is  the  body  of  the  Topler  pump,  tube  P  leads  to  the  vessel  w 
is  to  be  exhausted,  and  B  is  the  mercury  reservoir.  At  the  start, 
the  air  throughout  the  apparatus  is  at  atmospheric  pressure,  the  mi 
stands  at  level  a  in  B  and  also  in  tubes  M,  £,  L,  and  G.  Tube  K 
to  the  water  pump.  When  the  latter  is  set  in  action  air  is  drawn  out 
A,  P  and  R  through  one  centimeter  of  mercury  in  bulb  C  and  out  at 
Simultaneously  the  pressure  over  the  mercury  in  B  is  diminished,  so 
since  tubes  E  and  M  are  open  to  the  air  pressure,  the  mercury  levd 
be  lowered  in  these.  The  volume  of  B  being  large  compared  to  the  vd 
of  the  tubing,  the  mercury  gradually  drops  to  the  level  d  in  tube  £ 
the  mercury  rises  to  the  top  of  tube  L.  A  further  decrease  in  the  pressumi 
and  the  mercury  in  the  bottom  of  bulb  D  is  forced  through  L  and 
down  H  into  B.  Air  now  enters  tube  M  into  the  water  pump  and 
B  and  C,  where  the  pressure  is  now  that  of  the  outside  atmosphere.  The; 
mercury  in  bulb  C  rises  in  tube  T  so  that  the  pressure  in  A  remains 
^  With  Antropoff  modification,  Chem,  Zig.,  34,  979  (19 10). 
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:o  that  pressure  to  which  it  had  been  leduced  by  the  water  pump.  There- 
ore  the  atmospheric  pressure  acting  on  the  mercury  in  B  forces  the  latter 
nto  A,  the  air  in  A  being  forced  into  R  through  capillary  tube  U.  At 
ihe  same  time  the  mercury  rises  in  tube  £,  fast  at  first,  but  then  more 
lowly,  until  it  rises  at  the  same  rate  that  the  mercury  rises  in  A.  Finally 
rhen  the  mercury  in  A  reaches  the  capillary  tube  the  mercury  in  E  rushes 
tp  to  level  b  to  which  level  the  mercury  in  B  has  fallen.    In  passing  the 


n 


2656      GILBERT  N.  LBWIS,  ^LIOnT  Q.  ADAMS  AND  EDITH  H.  LANMAK. 

level  e  mercury  flows  into  bulb  D,  preventing  further  access  of  air  to  the 
water  pump.  The  pressure  in  B  immediately  decreases  so  that  the  mer- 
cury is  drawn  back  from  A,  which  latter  is  now  cut  off  from  R  by  mercmy 
in  the  capillary  tube  U.  Simultaneously  the  mercury  level  in  E  is  bwend 
below  level  By  and  the  mercury  rising  in  tube  L  is  finally  forced  into  B  » 
that  the  atmospheric  pressure  again  presses  on  the  mercury  in  B.  The 
volume  of  R  is  larger  than  that  of  A,  so  that  the  air  forced  out  of  A  into 
R  does  not  increase  the  pressure  in  the  latter  to  any  great  extent  Is 
each  cycle,  when  the  pressiu*e  over  C  is  decreased  sufficiently,  air  is  drava 
out  of  R,  so  that  the  pressure  in  the  latter  always  falls  short  of  the  cohum 
of  mercury  in  capillary  tube  U.  Each  time  that  mercury  is  driven  through 
the  capillary  tube  it  rises  in  V,  out  of  which  It  is  forced  back  into  A  whea 
the  mercury  is  leaving  the  latter,  the  difference  in  level  of  the  mercmy ; 
in  U  and  in  V  becoming  equal  to  the  pressure  in  R.  It  is  essential  that : 
tube  G  be  connected  to  tube  P  at  the  same  level  that  E  is  joined  to  F. 

It  was  found  to  be  serviceable  to  join  the  ends  of  tubes  M  and  E  to  t ; 
common  glass  tap.  This  was  closed  at  the  start,  enabling  a  thoron^ 
preliminary  exhaustion  by  means  of  the  water  pump.  Then,  on  openinf 
the  tap,  air  can  enter  M  and  E  and  the  pump  starts  working.  This  saves 
a  little  time.  Ftirthermore  it  is  advantageous  to  have  a  tube  and  a  gbss 
tap  attached  near  the  top  of  tube  T.  This  enables  one  to  let  air  into  the  j 
apparatus  at  the  end  of  an  experiment.  These  taps  have  not  been  indudcdj 
in  the  diagram  since  they  are  not  necessary  to  the  running  of  the  pompb 
but  are  simply  added  conveniences. 

The  pump  was  found  to  work  rapidly  after  the  first  exhaustion;  ith 
possible  to  have  two  complete  cycles  occur  in  one  minute. 

That  portion  of  the  pump  which  has  to  do  with  the  ejection  of  the 
forced  out  of  A  is  similar  to  an  arrangement  previously  described  in 
Journal.^    Otherwise,  as  far  as  is  known  to  the  author,  the  device  is 

DspARTMsmr  or  Crbmtstxt, 
IdcGxix  UinvBSBXTy. 


[CONTRIBUnON  FROM  THE  ChBIHCAL  LABORATORY  OP  IBS  UNrVSRSmr  OV 

ELECTRICAL  TRANSFERENCE  IN  AMALGAMS. 

Bt  Gilbbkt  N.  Lswis,  BX4.10T  Q.  Adams  and  Bom  H.  Lammam. 

Received  October  2,  1915. 

According  to  the  electron  theory,  electrical  conductivity  of  a  metal 
assumed  to  be  due  almost  solely  to  the  passage  of  the  negative 
through  the  body  of  the  metal.     Although  the  mobility  of  the  free  di 
is  doubtless  far  greater  than  that  of  any  other  carrier,  still  the 
substances  carrying  electric  charges  are  acted  upon  by  the  same 
which  cause  the  motion  of  the  electron  and,  having  a  finite  m< 
*  P.  M.  G-  Johnson,  This  Journal,  34,  909  (1912). 
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must  take  a  certain  part  in  electrical  conduction.  In  the  case  of  a  pure 
metal  it  is  hard  to  see  how  any  experiments  could  be  designed  for  the  study 
of  that  part  of  the  conduction  due  to  these  other  carriers.  But  in  the 
case  of  a  solution  of  one  metal  in  another  it  seemed  not  improbable  that 
the  passage  of  a  heavy  current  for  a  number  of  days  might  result  in  ap- 
preciable concentration  changes  at  the  electrodes. 

When  a  metal  is  dissolved  in  a  nonmetallic  solvent,  as  sodium  in  liquid 
ammonia,  it  dissociates,  according  to  the  well-substantiated  theory  of 
Kraus,^  into  a  positive  ion  (sodium  ion)  and  negative  electrons,  which 
may  be  in  part  combined  vnth  the  molecules  of  the  sdvent.  When  an 
dectric  current  is  passed  through  such  a  solution,  the  dissolved  metal  is 
carried  with  the  positive  current.  According  to  the  prevalent  theory 
of  metals  it  seemed  not  tmreasonable  to  expect  that  a  highly  electro- 
positive metal,  such  as  soditmi,  when  dissolved  in  a  far  less  positive  metal, 
like  mercury,  would  behave  in  a  like  manner.  We  were  therefore  at  first 
surprised  by  the  results  of  the  experiments  which  we  are  about  to  describe 
and  which  show  definitely  that  in  both  sodium  and  potassitmi  amalgams 
there  is  in  fact  a  change  of  concentration  accompanying  the  passage  of 
electricity,  btft  that  the  dissolved  metals  travel  with  the  negative  current. 
Preparation  of  Amalgams,  and  Transference  Apparatus. 

Sodium  and  potassium  amalgams  were  prepared  by  electrolysis  of 
concentrated  solutions  of  the  respective  hydroxides  with  a  cathode  of 
pure  mercury.  The  amalgams  were  transferi^d  to  evacuated  glass  con- 
tainers equipped  with  vacuum  stopcocks.  After 
thorough  shaking  the  container  was  sealed  to  the 
transference  apparatus  as  shown  in  Pig.  i.  H  is 
the  amalgam  reservoir  and  ACB  Is  a  glass  tube,  2 
mm.  in  bore  and  20  cm.  in  length.  Stout,  platinum 
electrodes  are  sealed  in  at  A  and  B.  In  the  first 
experiments,  stopcocks  below  A  and  B  permitted 
the  withdrawal  of  amalgam  from  the  two  limbs. 
This  method  was  later  discarded,  owing  in  part  to 
the  danger  of  contamination  of  the  amalgam  by 
the  stopcock  lubricant  and  in  part  to  the  difiiculty 
of  removing  the  last  traces  of  adsorbed  water 
which,  clinging  tenaciously  to  the  walls  of  the 
S^ass  tube,  reacted  with  the  amalgam,  forming 
numerous  small  bubbles  of  hydrogen.  In  the  later 
form  of  apparatus,  shown  in  the  figure,  the  whole 
tube  up  to  £  could  be  heated  in  an  oil  bath  to  over 
200^  while  the  apparatus  was  exhausted  to  o.i 
micron  of  mercury  through  F.  After  cooling  the 
*  Kraus,  This  Journal,  30,  1323  (1908). 
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apparatus,  the  amalgam  was  allowed  to  enter  through  stopcodc  G  and 
the  transference  apparatus,  sealed  ojff  at  £,  was  ready  for  use.  A  cuncflt 
of  4  to  8  amperes  was  allowed  to  run  several  days  so  as  to  give  appian- 
mately  1000  ampere  hours.  The  current  was  read  with  an  ammeter. 
Minor  uncertainties,  owing  to  fluctuations,  and  in  one  or  two  cases  tD 
actual  cessation  of  the  current,  were  negligible  compared  with  other  ci- 
perimental  errors. 

In  order  to  prevent  convection  of  amalgam,  it  seemed  ad\isable  not 
to  attempt  to  maintain  constant  temperature  throughout,  but  ratbff 
to  establish  a  temperature  gradient  from  the  upper  to  the  lower  portioos 
of  the  apparatus,  so  that  the  density  increased  gradually  from  top  to 
bottom.  This  was  accomplished  by  encasing  the  tube,  at  the  bend  C, 
in  asbestos,  thus  retarding  the  escape  of  the  heat  generated  by  the  currod. 

At  the  conclusion  of  the  experiment  the  apparatus  was  tipped  so  thai 
the  amalgam  in  the  tube  at  C  flowed  into  the  empty  bulb  D.  The  two 
limbs  were  sealed  off  and  their  contents  were  weighed  and  then  analysed 
by  treating  the  amalgam  with  a  slight  excess  of  standardized  hydnh 
chloric  acid  (0.2  M),  measured  from  a  weight  buret,  the  residual  ad| 
being  titrated  back  with  carbonate-free  sodium  hydroxide  (0.01  JO* 

L 

The  method  of  procedure  will  be  described  in  the  next  section. 
An  Improved  Procedure  for  Alkalimetric  Titratioii. 

Since  the  portions  of  amalgam  which  were  analyzed  contained  bit 
small  quantities  of  dissolvM  metal  (from  0.3  to  4  milli-equivalents),  tte 
determination  of  the  small  changes  in  these  quantities^  due  to  the 
of  the  current,  was  a  matter  of  some  difficulty.  The  ordinary 
of  alkalimetric  titration  are  open  to  criticism,  owing  to  an  improper 
of  indicator  and  to  the  absorption  of  carbon  dioxide  from  the  air. 
pedally  when  titrating  small  amounts  of  dilute  add  and  alkali,  it  is 
portant  that  the  indicator  should  change  color  rapidly  throt^h  a 
range  of  hydrogen  ion  concentration  and  that  the  point  of 
color  change  should  be  near  the  neutral  point.  An  investigation  of 
number  of  the  common  indicators  has  convinced  us  that  rosolic  ad 
satisfies  these  conditions.  The  color  change  occurs  almost  at  the 
of  equal  hydrogen  and  hydroxyl  ion  concentration,  and  0.01  cc.  of  0.01 
alkali  produces  a  marked  change  of  color  in  a  total  volume  of  20 
This  indicator  unfortunately  fades  appredably  in  the  course  of  a 
minutes,  but  this  difficulty  may  be  overcome  by  adding  only  a  part  of 
indicator  at  first  and  the  remainder  when  the  titration  is  nearly  at  an 

The  titration  was  carried  out  in  narrow  flat-bottomed  cylinders 
were  carefully  steamed  (a  high  grade  of  resistance  glass  would  be  fd 
erable).  When  only  a  slight  excess  of  add  remained  a  stream  of  A 
freed  from  carbon  dioxide  by  soda-lime,  was  led  through  a  glass  tM, 
into  the  solution.     This  not  only  effectivdy  stirs  the  solution,  but  is  dl 
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course  of  five  minutes  completely  sweeps  out  whatever  carbon  dioxide 
may  be  dissolved.    The  end  point  is  then  very  sharply  obtained. 

The  whole  procedure  is  extremely  simple  and  satisfactory,  and  such 
discrepancies  as  are  to  be  observed  in  the  tables  given  below  are  to  be 
attributed  not  to  the  analytical  method,  but  rather  to  the  difficulty  of 
dealing  with  so  reactive  a  substance  as  sodium  or  potassium  amalgam. 

Results  of  the  Transference  Experiments. 

Our  experiments  show  definitely  that  both  sodium  and  potassium 
dissolved  in  mercury  are  transferred  from  one  electrode  to  the  other 
during  the  passage  of  a  current  and  that  both  are  carried  with  the  nega- 
tive current. 

Table  I  gives  the  results  of  three  experiments  with  sodium  amalgam 
which  had,  according  to  three  analyses  (average  deviation  from  mean 
0.05%),  3.240  atom  per  cent,  of  sodium.  The  first  colunm  gives  the 
number  of  grams  of  amalgam,  respectively,  in  the  anode  and  cathode 
portions;  the  second,  the  number  of  milli-equivalents  of  sodium  originally 
contained  in  these  portions;  the  third,  the  increase  in  the  number  of  milli- 
equivalents  in  these  portions  accompanying  the  passage  of  the  quantity 
of  electricity  given  in  column  four.  The  fifth  column  shows  the  number 
of  equivalents  transferred  per  faraday,  namely,  the  ordinary  transference 
number,  together  with  the  mean  of  the  transference  numbers  obtained 
from  the  anode  and  cathode  portions.  It  is  to  be  noted  that  this  mean 
may  be  calculated  without  any  knowledge  of  the  original  composition 
of  the  amalgam. 

Tablb  I. 

Wt.  of  each       MtUi-equiT.        Incr.  in  mllU-  No.  of  Transference 

portion.  Na  (orlg.).  equlv.  Na.      ampere  hn.        number  X  10*. 

a 24.072  4. 112  0.152  600  6.78 

c 25.684  4.387  — 0.025  1. 10 

Mean,  3.94 

a 9.588  1.638  0.098  850  3.08 

c 8.421  1-439  — 0,066  2.08 

Mean,  2.58 

« 9.566     1.634       0.093     1250        1.99 

c 8.368  1.429  — 0.118  2.53 

Mean,  2.26 
Average,  2.93 

Whatever  theory  we  may  offer  for  the  mechanism  of  this  transference, 
we  should  expect  that  in  very  dilute  amalgams,  where  the  conductivity 
does  not  differ  materially  from  that  of  pure  mercury,  the  amount  of  sodium 
transferred  per  faraday  would  be  proportional  to  the  concentration  of 
sodium  in  the  amalgam,  and  even  at  such  concentrations  as  are  here  em- 
ployed we  might  predict  that  this  would  still  be  approximately  true. 
A  few  measurements  were  made  with  sodium  amalgam,  0.577  atom  per 
cent*  (average  of  four  analyses,  average  deviation  0.4%).     Owing  to  the 
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very  small  amount  of  sodium  in  the  electnxle  porticMis,  these  meisiae* 
ments  were  extremely  difficult,  but  we  believe  we  may  rely  upon  tfa& 
approximate  validity  of  the  three  results  which  were  obtained  and  ait 
given  in  Table  II,  in  which  the  several  columns  have  the  same  signifi- 
cance as  in  Table  I.    The  anode  portion  of  the  second  run  was  lost 

Tabls  II, 

WtofcMh      MUli-egai^.        lacr.  in  mflll-       No.  off  TruufcRMt 

portion.  Na  (orig.).  equiv.  Na.     ampere  hn.  number  X  10*. 

a 26.384  0.7610  0.0126  1035  0.325 

c 20.468  0.5804  — 0.0134  0-347 

(Mean,  0.336) 

c 25.352  0.7308  — 0.0063  805  0.211 

Avence,  0.294 

The  ratios  of  transference  number  to  atom  fraction  from  Tables  I  and  11,. 
respectively,  are  2.93  X  io""Vo-0324  =  0.90  X  io~^;  0.294  X  io~*/o.oo577 
=  0.51  X  io~*.  The  difference  between  these  two  numbers  is  baidf 
within  the  limits  of  probable  experimental  error. 

The  next  experiments  were  made  with  potassium  amalgam,  2.1604 

atom  per  cent,  (two  analyses,  average  deviation  0.04%).    The  rcstilts 

are  given  in  Table  III. 

Tablb  III. 

Wt.  of  each      MilU-eqniv.        Incr.  in  mOli-         No.  off 
portion.  K  (orlg.).  equiv.  K.       ampere  hn.  onmbcr  X  i** 

a 10.963  1.205  0.173  1250  3.72 

c 10.447  1. 148  — 0.177  3.80 

Mean,  3.76 

a 10.892  I -197  0.042  xooo  X.13 

c 9.087  0.999  — 0.239  ^-40 

Mean,  3.76 

a 13.60X  I -495  0.191  2000  2.56 

c 17.274  1.899  0.283  3-79 

Meaa»  3.17 
Average.  3.56 

Since  these  meastu'ements  were  made,  it  has  seemed  not  unlikely  tfaift 
in  spite  of  repeated  shaking  the  amalgam  may  not  have  reached 
plete  uniformity  of  concentration.  The  mean  of  transference  numbol 
from  anode  and  cathode  portions  of  each  nm  can  be  obtained  witMl 
a  knowledge  of  the  original  composition.  The  three  results  so  obtainel 
show  an  average  deviation  from  the  mean  of  only  7%. '  Dividing  4i 
average  transference  number,  3.56  X  lo""*,  by  the  atom  fraction,  0.021^ 
gives  1.65  X  io~^,  which  is  about  twice  the  corresponding  number 
sodium. 

Theoretical  Considerations. 

A  clue  to  the  interpretation  of  this  apparently  mysterious  transfereooft 
effect  in  amalgams  is  found  when  we  examine  the  curves  relatiiig  tbft 
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<dectrical  conductivity  and  the  composition  of  liquid  amalgams  of  sodium 
and  potassium.  Bomemann  and  MtiUer^  have  shown  that  the  electrical 
conductivity  of  mercury  is  lowered  by  the  addition  of  sodium. 

Now,  unless  the  sodium  diminishes  the  number  of  electrons  which 
take  part  in  the  conduction,  which  seems  improbable,  this  change  of 
conductivity  must  be  due  to  a  diminution  in  the  average  mobility  of  the 
^ectrons.  Probably  the  atoms  of  sodium  which  are  dissolved  in  mercury 
are  not  there  chiefly  as  such,  but  rather  as  nuclei  of  large  aggregates  of 
mercury  atoms.  Be  this  as  it  may,  we  can  consider  a  dilute  amalgam 
as  composed  of  small  regions  whose  centers  are  the  sodium  atoms,  em- 
bedded in  a  mass  which  has  all  the  properties  of  pure  mercury.  If  an 
-electron  meeting  one  of  these  regions  during  the  passage  of  the  cturent 
is  on  the  average  retarded,  whether  by  the  greater  impenetrabiUty  of 
that  region  or  by  any  kind  of  reflection  or  refraction,  then,  by  the  law 
of  action  and  reaction,  the  region  containing  the  sodium  atom  will  be 
impelled  in  the  direction  of  the  negative  cturent. 

This  was  the  explanation  of  oiu*  results  which  we  adopted  before  the 
^experiments  with  potassium  were  made,  and  on  the  basis  of  this  explana- 
tion we  predicted  that  a  similar  amalgam,  which  at  the  same  equivalent 
Hxmcentration  shows  a  greater  effect  than  that  of  sodium  in  diminishing 
the  conductivity  of  mercury,  would  have  a  larger  transference  munber 
than  that  found  for  sodium  amalgam.  Bomemann  and  Miiller  have 
shown  that  potassium,  in  its  dilute  amalgams,  lowers  the  conductivity 
of  mercury  about  twice  as  much  as  an  equivalent  amount  of  soditun, 
and  the  fact  that  our  potassium  amalgams  gave  twice  as  great  a  trans- 
ference number  as  sodium  amalgams  at  the  same  concentration  is  a  striking 
-corroboration  of  the  explanation  which  we  have  offered. 

In  order  to  establish  a  quantitative  relationship  between  the  electrical 
•conductivity  and  the  transference  number  of  amalgams,  it  would  be 
necessary  to  consider  the  mobility  of  the  solute  as  shown  by  meastu^ments 
of  the  diffusion  coefficient.  Without  entering  into  a  further  discussion 
of  this  point  at  the  present,  we  may  nevertheless  call  attention  to  one 
simple  corollary  of  our  theoiy,  namely,  that  a  dilute  amalgam  which 
has  the  same  electrical  conductivity  as  pure  merctuy  would  show  no  elec- 
trical transference. 

Certain  metals  like  lithium  and  calcium  increase  the  conductivity  of 
mercury*  and  it  will  be  very  interesting  to  see  whether  these  amalgams 
show,  as  our  theory  would  predict,  a  transference  in  the  opposite  direction 
to  that  of  potassium  and  sodium. 

In  conclusion  we  may  point  out  an  interesting  thermod3mamic  conse- 
^quence  of  the  electrical  transference.     It  is  commonly  stated  that  a 

'  Metallurgie,  7,  396  (19 10). 

'  Bomemaim  and  Rauschenplat,  Metallurgie,  9,  505  (19 12). 
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completely  metallic  circuit,  all  at  one  temperature,  can  give  no  ekctro- 

motive  force.    This  is  a  thermodynamic  necessity  if  there  is  no  prooes 

accompanying  the  pass^e  of  a  current,  except  the  absorptioii  of  fanl 

from  the  surroundings,  which  could  serve  as  a  somce  for  the  ekctiic 

work.    We  may,  however,  construct  a  new  type  of  concentratku  cA 

composed  entirely  of  metals,  which,  according  to  the  results  of  our  tnms- 

ference  experiments,  should  give  a  definite  and  meastuuble  dectromodve 

force.     If  we  have  in  omtact  with  one  another  two  sodium  amalgams  d 

different  concentrations  and  a  platinum  electrode  in  each,  we  may  expect 

to  obtain  an  electromotive  force  between  the  electrodes,  owing  to  the 

fact  that  a  current  passing  through  such  a  cell  in  the  right  direction  wi 

carry  the  sodium  from  a  region  of  higher  to  one  of  lower  conoentratioo. 

Experiments  with  such  concentration  cells  are  now  in  progress,  and  mqr 

afford  a  more  exact  method  of  determining  the  transference  number  of 

amalgams. 

Summary. 

An  electric  current  passing  through  a  dilute  amalgam  of  sodium  or 
potassiiun  causes  a  transfer  of  the  dissolved  metal  in  the  direction  of  the 
negative  current.  The  number  of  equivalents  carried  per  faradaj  » 
2.9  X  10"*  in  sodium  amalgam  of  3.24  atom  per  cent.,  and  0.29  X  io~^ii 
sodium  amalgam  of  0.577  atom  per  cent.  In  potassium  amajgam  d 
2.1(5  atom  per  cent,  it  is  3.6  X  io~^  An  explanation  of  this  transference 
is  offered  and  the  relationship  between  transference  number  and  electriot 
conductivity  is  pointed  out. 


(Contribution  from  ths  Dbpartmbnt  op  Crshistrt  op  tbb  UNivsRanrr  or 

Washington.] 

MOLECULAR  WEIGHTS  OP  GASES  BT  AN  EVAPORATION 

METHOD. 

By  H.  L.  TauifBULt. 
Rceeiired  September  27,  1915. 

Before  the  researches  of  Stefan^  on  the  rates  of  evaporation  of  cd«r 
and  carbon  disulfide  into  different  gases,  it  was  generally  believed  If 
physicists  that  the  rate  of  evaporation  of  a  liquid  is  independent  of  fit 
character  of  the  gas  above  the  liquid.'  Stefan  demonstrated  that  Ife 
velocity  of  evaporation  varies  with  the  nature  of  the  gas  above  the  Hqio^ 

1  M.  J.  Stefan,  Wten.  Akad.  Ber.  Math.  Naiurw.,  68,  385  (1872).    See  also  M* 
63*  163  (1871)  and  65,  323  (1872). 

*  Stefan   quotes   from   Marbtuih's   physikaliachen  Lexicon   under   the 
"Verdunstung  and  Verdampfung/'  as  follows:     "Die  Natur  der  I^uftaiten 
ubrigens  keinen  Einfluss  auf  die  Verdunstung  der  Plussigkeiten,  sobald  nur  die  Ufl* 
stande  also  der  Druck,  die  Temperattu*  u.  s.  w.  gleich  sind.    Mag  die  VerdunstuogiKi 
einer  Atmosphare  von  Sauerstoff ,  Wasserstoff ,  Stickstoff ,  Kohlensaure,  oder  in  AT 
Luft  selbst,  vor  sich  gehen,  die  Menge  der  entweichenden  Ddmpfe  bleibt  adi bad* 
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and  established  fotir  laws  for  the  process.  His  apparatus  coexisted  of 
capillary  tubes  of  0.6  to  6.0  mm.  bore,  and  of  several  centimeters  length, 
filled  with  ether,  and  exposed  to  the  air  of  a  room  near  an  open  window. 
No  thermostat  was  employed,  and  the  amount  of  evaporation  was  measured 
by  reading  the  loss  in  height  of  the  liquid  column  after  a  given  interval 
(rf  time. 

Stefan  did  not  employ  water  in  his  investigation,  owing  to  its  slow  rate 
of  evaporation  and  to  the  variable  humidity  of  atmospheric  air,  for  which 
it  would  be  difficult  to  make  corrections.  He  was  able  to  connect  the 
rate  of  evaporation  with  the  dimensions  of  the  capillary,  the  temperattu^, 
and  the  vapor  pressure  of  the  liquid  under  consideration.  It  remained 
fcN-  Winckelmann^  and  Guglielmo^  to  extend  the  measurements  to  include 
water  as  well  as  other  liquids.  The  apparatus  of  the  former  consisted 
of  a  small  test  tube  fitting  snugly  into  a  hole  in  the  bottom  of  a  larger  one. 
The  liquid  was  contained  in  tiie  smaller  test  tube  and  the  gas  employed 
was  supplied  at  high  velocities  by  means  of  a  glass  tube  terminating  just 
at  the  mouth  of  the  lower  test  tube.  The  larger  test  tube  was  thus  filled 
with  pvare  gas  throughout  the  course  of  the  experiment.  The  loss  by 
evaporation  was  measured  by  reading  the  heights  of  liquid  before  and 
after  a  given  time  interval. 

Winckelmaiin  observed  that  for  many  liquids  the  rates  of  evaporation 
depended  upon  the  gas  used,  being  most  rapid  for  hydrogen,  and  corre- 
spondingly slower  for  the  heavier  gases.  He  also  calculated  diffusion 
coefiScients  for  the  various  pairs  of  substances  investigated.  The  ob- 
jection to  Winckelmann's  method  is  that  he  used  a  blast  of  air,  which  is 
not  permissible  in  the  measurements  of  the  free  diffusion  of  gases. 

*  Recently  P.  Vaillant'  has  made  use  of  an  evaporation  method  to  measure 
the  vapor  pressures  of  solutions.  His  method  is  interesting  in  that  it 
employs  a  weight-loss  rather  than  a  volume-loss  method  of  measuring 
the  amount  of  evaporation.  It  is  not,  however,  free  from  objection^ 
since  his  loss  in  weight  was  invariably  less  than  one  milligram. 

The  object  of  this  investigation  was  to  find  a  simple  and  accurate 
method  for  the  measurement  of  rates  of  evaporation  of  water  into  different 
gases,  with  a  view  to  ascertaining  the  relation  between  the  rates  and  the 
densities  of  the  gases  used.  The  first  requirement  of  the  method  was  that 
it  should  eliminate  the  objections  involved  in  the  preceding  investigations 
and  provide  a  perfectly  dry  atmosphere,  immovable,  and  at  a  constant 

dflzebien  Flflssigkeiten,  sobald  dcfa  die    Bedingimgen  tmter  denen  die  Terdtmstttng 
stattfindet  nicht  findem,  gleieh.    Das  ist  schon  in  frSherer  Zelt  ditrdi  Voha,  Saussure, 
Dalton,  De  Luc,  tind  Clement  und  Desormes  nacfagewiesen." 
^  Winckelmann,  Ann.  Phys.  (Wied.),  aa,  159  (18S4). 

*  Guglidmo,  Beibl.,  8,  20  (1884). 

*  P.  Vaillant,  Compt.  rend.,  148,  1099  (1909);  see  also,  W.  MftUer  Bfcbacb,  SUther, 
K.  akad.  Wiss.  (Vienna)  Math.  Naiurw.  KL,  iia  (pt  aa),  615  C1903). 


2664  H.   h.  TRUMBULL. 

temperature,  and  that  the  loss  by  evaporation  should  be  measured  b]r  a 
weight-loss  method  and  not  by  a  volume-loss  method*  Water,  iBther 
than  another  liquid,  was  chosen  because  of  the  greater  interest  attacUng 
to  evaporation  studies  in  which  water  is  involved.^ 

The  apparatus  emplo3red  in  this  investigation  wbs  very  simple.  It 
consisted  of  a  small  (3  cc.)  flask  evaporator,  made  from  i  to  6  nmL  tubng 
and  provided  with  a  glass  stopper.  This  flask  contained  water,  saturated 
with  the  gas  used.  The  dry  gas  was  contained  in  an  Brlenmeyer  flask 
in  contact  with  phosphorus  pentoxide.  At  the  beginning  of  an  eipai- 
ment  the  evaporatcn-  was  connected  with  the  flask  and  the  whole  appantns 
was  immersed  in  the  thermostat  at  25.07^  ^  0.01  ^  After  several  dign 
the  apparatus  was  removed,  and  the  weight  of  Uquid  lost  from  the  evapon- 
tor,  determined.  This  weight  loss  divided  by  the  time  in  hoars  and  mul- 
tiplied by  the  barometric  height  in  mm.  gives  the  value  for  the  coostBiit 
(Col.  5)  in  the  tables.  This  constant  is  derived  on  the  basis  of  the  bw 
first  formulated  by  Dalton'  that  the  rate  of  evaporation  is  directly  pio- 
portional  to  the  aqueous  tension  oi  the  liquid  and  inversely  proportiooal 
to  the  atmospheric  pressure.  For  slight  differences  in  barometric  height 
the  law  of  Dalton  gives  values  for  the  evaporation  constant  wlbch 
agree  with  each  other  ftiUy  as  well  as  those,  calculated  on  the  basis  o< 
Stefan's  law,»  viz.:  dW/dt  »  K  log  B/B  —  p,  where  B  is  the  barooKtff 
reading  and  p  is  the  vapor  tension  of  the  liquid.^ 

Theoretical. — ^Let  us  try  to  picture  to  ourselves  the  miyhanism  br 
which  evaporation  takes  place  from  the  surface  of  a  pure  liquid  into  an 
infinite  atmosphere  of  dry  gas.  At  the  surface  of  the  liquid,  we  ha^  a 
saturated  vapor  in  equilibrium  with  the  liquid.  The  vapor  pressure  d 
the  superambient  atmosphere  is  maintained  constantly  less  thanattbe 
surface,  being  of  course  nil  in  a  perfectly  dry  atmosphere.  Connectiqf 
the  dry  atmosphere  with  the  surface  of  the  Uquid  is  an  atmosphcfe  d 
increasing  humidity,  completely  saturated  at  all  times  at  the  immfdiate 
liquid  surface. 

The  rate  of  evaporation  from  this  surface  into  a  gas  is  obviously  soU' 
dependent  upon  the  relative  rates  of  diffusion  of  the  vapor  and  of  the  |as» 
provided  the  vapor  moves  away  from  the  liquid  surface,  at  a  rate  dov 
enough  not  to  interfere  with  the  establishment  of  equilibrium  oooditiaas 
between  the  vapor  and  liquid  phasfss.  The  maintenance  of  an  equiGbriiaa 
condition  at  the  surface,  will  in  turn  depend  upon  the  constancy  of  tea- 

s 

^  See  below.  A  very  complete  annotated  bibliography  on  evapoiatioii  is  fmiM 
by  MotMy  Weather  Re9i€W,  Wa^ington,  June,  1908,  to  June,  1909. 

*  Mem.  lit.  phil.  soc.,  St  53^  (i8oa). 

*  Loc.  cU. 

*  The  evaporation  constants  calculated  on  the  basis  of  Dalton's  law  deviafeed  6^ 
the  mean  by  from  1.4  to  4.5%  for  a  given  experiment.  Values  calnilatrd  by  netfitf 
Stefan's  law  showed  corresponding  deviations  of  from  1.2  to  5%. 
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perature,  the  length  of  the  moist  atmospheric  column,  and  the  absence 
of  violent  stirring  eflFects  in  the  gas.  If  we  neglect  these  precautions  we 
are  not  at  all  sure  that  the  surf  ate  gas  layer  is  sattu-ated  with  liquid, 
and  what  we  measure  then,  is  not  in  reality  the  relative  rates  of  diffusion 
of  the  two  gases,  but  the  combined  e£fects  of  wind  and  diffusion.^  This 
is  equivalent  to  the  statement  that  evaporation  proceeds  in  two  steps, 
the  first  a  simple  change  of  phase,  the  second  a  diffusion  of  vapor  away 
from  the  liquid  surface. 

In  this  research  definite  working  conditions  have  been  estabUshed 
which  yield  a  measure  of  the  relative  diffusion  rates  by  an  evaporation 
method.  We  should,  therefore,  anticipate  that  the  velocities  will  be  in 
harmony  with  Graham's  law  of  inverse  square  roots  of  the  densities, 
and  that  the  method  itself,  like  that  of  Bunsen,  will  furnish  a  means  of 
determination  of  the  molecular  weights  of  gases.  The  following  data 
represent  the  results  obtained  in  a  series  of  experiments  carried  out  as 
above  described. 

Table  I. 

Bottle  I  (6  mm.  diam.). 

Gm.  dTT/drt  (cms./hr.).   dTC  (hn.).  B  (corr.).  B  X  tfW/tfT. 

Air 0.0008836  74.92  750.0  66.31X10*^ 

Air 8623         135.5  754-7  65.06 

Air 8743         »4i-42  753.8  65.89 

Air 856  192.92  756.5  64.76 

Air 8700        166.25  754.3  65.63 

Air 8573         144- »7  751 -o  64.36 

8673  65.34  Mean 

COi 0.0006070  144*83  751.2  45.59 

Cd 6250  147 .0 

COi 6505  144.83  750.5  48.87 

COi 6255  215.1  756.8  47-39 

coi 6100      191.1       752.8       45.99 

coj 6023      189.3       750.4       45.17 

620  46.60  Mean 

Hf 0.002947  136.2  749.8  221.2 

Ht 296  1 19. 17  752.6  222.7 

Hi 2858  220.8.  750.2  214.6 

3044  139.6  756.5  230.4                     « 

3952  222.2  Mean 

*  It  should  be  pointed  out  that  as  the  experiments  were  conducted  the  atmos- 
I^ere  held  a  fixed  position  throughout,  relative  to  the  liquid  surface,  and  that  it  was 
water  vapor,  not  air,  which  steadily  diffused. 
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Tabim  I  {continued). 
Bottle  2  (i  mm.  diam.). 
0«t.  iW/4T  (gmB./hr.).    ^Oua.).    I 

Air 0.0001142         3IO.I 

Air 1128         142. 1 

Air 1127        166.8 

Air. 1134        144.63 

"33 

Hi o.«OQ399i  145.75 

Hi 348  430.47 

Hf 361  214.7 

Hi.... 359  190.9 

Hi 365  189.3 

*  _ 

367 

COi 0.0000679   *     137.07 

COi 816        118.93 

COi 801  321. o 

COi 829        475.5 

707        140.0 

766 

Bottle  3  (4  mm.  diam.). 

Air 0.000610  145.8 

Air 608  147.7 

Air 602  430.8 

Air 593  214.3 

Air.... 594  »9i.7 

Mean 60a 

COi 0.000445        190. 1 

COt 427        167.3 

COi : 424        145.3 

Mean 432 

H| 0.002220  136.3 

Hi 2158  119. o 

Hi 2071  220.67 

2052  140.5 

3123  160.3  M< 

Calculated  on  the  basis  of  Graham's  law  of  inverse  squares,  hydn^ 
diffuses  3.79  times  as  fast  as  air  and  4.67  times  as  fast  as  carbon  dioxide* 
and  air»  1.24  times  as  fast  as  carbon  dioxide.  The  results  from  Tatii 
I  are  as  follows: 


\  (oocr.). 

Bxtfw/«r. 

750.0 

8.59  X  10"* 

753-7 

8.50 

754.2 

8.50 

751.0 

8.52 

8.52  Mean 

751.  a 

30.00  X  lo"* 

752.0 

26.17 

756.8 

27.32 

752.  a 

27.03 

750.3 

27.39 

27.58  Bieaa 

752.6 

5. II 

752.6 

6.14 

750.5 

6.01 

754.6 

6.26 

756.5 

5.35 

5.77  Mam 

• 

750.2 

45.76  X  10"* 

750.5 

45.63 

752.0 

45.24 

756.8 

44.85 

752.8 

44.73 

45.24  Mcao 

756.5 

33.67 

754.2 

32.17 

751.0 

31.84 

33.56  Mean 

752.6 

167.0 

752.6 

162.5 

750.5 

156.3 

759.6 

155  2 
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RsLATivB  Diffusion  Ratbs. 

Ha/Alr.  Bm/COu  Alr/COfe. 

Bottle  1 3.40  4.77  1.40 

Bottle2 3.24  4.78  1.48 

Bottlc3 3.54  4.93  1.39 

Mean 3.39  4.83  1.43 

Further  experiments  on  evaporation  are  being  conducted  in  this  labora- 
tory, and  the  results  of  an  investigation  with  a  somewhat  modified  appara- 
tus will  be  published  at  an  early  date. 

Applications. — (i)  The  difference  in  the  rates  of  evaporation  of  water 
into  different  gases  may  be  used  as  a  method  of  comparison  between  the 
molecular  weights  of  gases.  (2)  The  dependence  of  rate  of  evaporation 
upon  the  nature  of  the  gas  suggests  that  the  feeling  of  warmth  caused  by 
carbon  dioxide  upon  the  nerves  of  the  hand^  may  be  due  to  retardation 
of  the  normal  rate  of  perspiration.  (3)  The  explanation  of  higher  and 
more  constant  terrestrial  temperatures  in  previous  geologic  eras  notably 
in  the  carboniferous,  may  be  connected  with  the  slower  evaporation  of 
water  into  an  atmosphere  rich  in  carbon  dioxide.^ 

SvATixji,  Wasbixotom. 
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L   Previous  Work. 

Since  the  discovery  by  Bredig*  of  the  electrical  dispersion  method  of 
preparing  metallic  hydrosols  and  its  modification  by  Svedberg^  for  the 
preparation  of  metallic  organosols,  very  little  conclusive  experimental 
work  has  been  brought  forward  with  the  object  of  a  satisfactory  explana- 
tion of  the  phenomenon. 

Kutscherow,*  from  a  study  of  the  dispersion  of  bi-metal  alloys  in  alcohol 
by  Svedberg's  method,  found  the  amounts  of  the  two  metals  in  the  highly 
dispersed  colloidal  condition  to  be  proportional  to  their  equivalent  weights, 
and  he  concluded  that  the  process  was  of  an  electrochemical  nature, 
leading  to  an  atomically  dispersed  condition,  which  was  followed  by 
condensation  to  the  colloidal  condition.    The  thermo-mechanical  process 

'  Goldacheidcr,  GesammeUe  Abhandlungen,  x,  305  (1898). 

*  See  Arrhenius,  "Worlds  in  the  Making." 

*  Z.  angew.  Chem.,  zi,  951  (1898);  Z.  Elektrochem.,  4,  514  (1898). 

^  Ber.,  38,  3616  (1905);  39,   1703   (1906);  also  "Herstellung  KcXLcider  Usang 
Anorganische  Stoffe,"  1909,  p.  423ff. 

*  Z.  Chem.  Jnd.  KoUoide,  xi,  165  (1912). 
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which  he  assumed  to  accompany  electrical  colloid  synthesis  resulted  odj 
in  the  formation  of  a  coarse  dispersion  which  settled  out  rapidly. 

Benedicks^  criticised  Kutscherow's  inexact  method  of  distingiiishin 
between,  and  separating,  the  highly  and  the  coarsely  dispersed  portkxis 
of  the  metal  and  his  arbitrary  choice  of  equivalent  weights  for  metab 
of  variable  valence.  From  his  own  experimental  results,'  consisting  of 
a  careful  study  of  the  action  of  the  arc  on  the  electrode  surfaces  in  tk 
formation  of  ''SchmelzkratertC'  and  ''Schtnelzkugeln,'*  and  a  comparisn 
with  the  effects  produced  on  other  stuiaces  (asphalt,  paraffin,  etc)bf 
purely  thermo-mechanical  means,  and  also  from  a  consideratioa  of  tk 
total  heat  of  fusion,  thermal  conductivity,  and  other  properties  of  the 
metals  in  relation  to  their  ease  of  dispersion,  he  concluded  that  electrical 
colloid  synthesis  was  a  purely  thermo-mechanical  process. 

Quite  recently  an  article  has  appeared  by  Mukhopadhyaya'  in  whidi 
an  attempt  has  been  made  to  add  experimental  evidence  on  the  natsre 
of  the  electrical  synthesis  of  colloids.  Although  his  opinions  are  in  accord 
with  those  of  Benedicks-,  there  is  nothing  conclusive  in  the  work. 

II.  Purpose  of  the  Investigation. 

Up  to  the  present  time  the  hypothesis  that  electrical  colloid  synthesis 
consists  of.  a  thermo-mechanical  dispersion,  as  pictured  by  Benedids 
and  others,^, has  been  sufficient,  but,  in  view  of  new  experimoital  bets, 
the  former  theory  now  becomes  inadequate.  The  object  of  the  pttseot 
paper  is  to  show  that,  in  addition  to  a  primary  pulverization,  the  actual 
synthesis  of  the  colloid  is  much  more  dependent  upon  a  secondary  process, 
which  is  of  the  nature  of  a  chemical  reaction  between  the  metal  and  ceitaiB 
substances  present,  or  formed  in  the  ^sp^on  medium  during  the  pf«[»n- 
tion  of  the  colloid.  As  the  authors  are  of  the  opinion  that  this  secondaij 
process  is  of  a  similar  nature  to  that  assumed  to  be  operative  in  the  so- 
called  "complex"  theory  of  colloid  formation,  it  will  be  necessary  to  coa- 
sider  some  of  the  work  that  has  been  done  in  connection  with  the  devdop- 
ment  of  that  theory.*^ 

m.  The  Cojnplex  Theoiy  of  CoUoids. 
The  idea  that  there  is  an  intimate  association  with  hydrosols  of  certaii 
small  amounts  of  electrolytes,  which  cannot  be  removed  without  impairiat 
the  stability  of  the  sol,  goes  back  to  the  time  of  Graham.  Indeed,  it  has 
long  been  known  that,  to  convert  certain  hydrogels  into  hydrosols,  pep* 
tization  by  means  of  electrol3rtes  is  necessary. 

^  Z.  Chem.  Ind.  KoUMe,  zz,  263  (1912). 

*  KoUoidchem.  Beth.,  4,  229  (1912). 

*  This  Journal,  37,  292  (19x5). 

'Cf.  Preimdiicb,  "KapiUarchemie,"  Z909,  p.  311;  Von  Weimaxii.  "GivaadMBgtdf 
Dispersoid  Chemie,"  zgzz,  p.  83. 

*  For  a  more  complete  discussion  and  references  see  Cassuto,  "Der  KoUoide  Zttstafld 
der  Materie/'  Z9Z3,  pp.  190-2x4. 
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Picton  and  Linder^  have  long  regarded  the  hydrogen  sulfide  which 
they  always  found  associated  with  metallic  sulfide  sols»  and  which  could 
not  be  removed  by  indifferent  gases,  as  an  essential  constituent  of  the  sol. 

Jordis  and  Elanter'  showed  that  a  small  amount  of  add,  or  alkali» 
increased  the  stability  of  silicic  acid  sol  and  the  former'  was  unable  to 
prepare  a  stable  hydrosol  free  from  electrolyte. 

Lottermoser/  in  a  series  of  researches  on  hydrosols  of  difficultly  soluble 
silver  salts,  found  that  a  negative  silver  iodide  hydrosol  was  formed  by 
the  addition  of  a  dilute  solution  of  silver  nitrate  to  one  of  potassium 
iodide.  The  sol  was  stable  so  long  as  the  potassium  iodide  was  in  excess. 
A  positive  sol  was  formed  by  the  addition  of  the  potassium  iodide  solution 
to  an  excess  of  the  silver  nitrate.  When  the  solutions  were  brought 
together  in  equivalent  amotmts,  the  sol  w^  unstable  and  precipitation 
occurred.  His  theory  to  explain  these  facts  was  that  the  hydrosols  owed 
their  existence  to  the  formation  of  a  complex  between  the  colloid  and  that 
ion  of  the  colloid  which  was  present  in  excess. 

Svedberg^  found  that  the  critical  temperature  (the  temperature  at 
which  coagulation  takes  place)  for  electrically  prepared  platinum  sols 
in  commercial  ether  was  higher  than  in  carefully  ptuified  material,  and 
was  led  to  investigate  the  effect  of  the  addition  of  small  amounts  of  foreign 
substances  to  the  ptu-e  medium.  The  nature  of  the  curves  obtained  by 
plotting  the  critical  temperature  against  the  amount  of  substance  added 
indicated  that  a  stable  sol  in  an  absolutely  ptu-e  medium  wotdd  be  im- 
possible. 

These  observations  are  in  accord  with  those  of  Dudaux.*  He  showed, 
for  example,  that  the  predpitate  formed  by  the  interaction  of  potassium 
ferrocyanide  and  copper  chloride  always  contained  potassium,  no  matter 
what  excess  of  copper  chloride  was  used.  He  considered  that  chemical 
complexes  were  formed  and  disputed  the  contention  that  the  presence 
of  the  third  ion  was  due  to  mechanical  adsorption  or  ocdusion.  He 
investigated  these  sols  in  various  stages  of  dialysis  and  found  that  the 
stability  of  the  sol  decreased  as  the  purification  continued.  He  there- 
fore conduded  that  the  stability  of  the  sols  depended  upon  the  presence 
of  certain  amounts  of  dectrolyte  which  he  designated  as  the  * 'active 
part"  of  the  colloid. 

Von  Weimam^  considers  that  peptization  is  an  important  factor  in 
the  stabilization  of  sols  and  that  it  consists  ia  the  conversion  of  a  practi- 

*  /.  Chem.  Soc.;  61^  114  (1892);  87,  1906  (1905). 

*  Z.  anorg.  Chem.,  35,  16  (1903). 
»/WJ.,  44,  200  (1905). 

*  For  a  suznmary  and  earlier  references  see  Z.  phys.  Chem.,  70,  239  (19 10). 

*  KoUaid  Z.,  2,  142  (1907). 

*  J.  Mm.  phys.,  5,  29  (1907);  7»  405  (1909). 

^  "Gnindzuge  der  Dispersoid  Chemie,"  XQii,  pp.  75-79  and  90. 
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cally  insoluble  substance  into  a  compound  whose  solubility  meets  the 
requirements  necessary  (according  to  his  theory)  for  the  formatioii  of 
a  stable  sol.  He  holds,  however,  that  it  is  incorrect  to  assume  that  a 
sol  cannot  be  obtained  in  an  absolutely  indifferent  medium  in  the  ab- 
sence of  a  peptizing  agent. 

In  general,  therefore,  it  seems  certain  that  the  stability  of  hydrosdb 
is  vitally  connected  with  the  presence  of  small  amounts  of  foreign  sab- 
stances  usually  related  to,  or  derived  from,  the  colloid  itself,  and  it  is 
upon  this  basis  that  the  chemical  or  complex  theory  of  colloids  has  bees 
developed.  The  hypothesis,  briefly  stated,  is  that  the  particles  of  a 
hydrosol  consist  essentially  of  a  complex  between  a  substance  of  vny 
low  solubility  and  an  ion  of  an  electrolyte,  the  presence  of  which  is  neces- 
sary to  the  stability  of  the  sol.  A  sol  is  stabilized  only  by  certain  ions 
and  when  these  are  removed  or  replaced  coagulation  occurs.  The  coOoiil 
owes  its  charge  to  the  ion  which  stabilizes  it. 
IV.  Axe  Sols  of  the  Noble  Metals  Exceptions  to  the  Complex  Theofy? 

The*sols  of  the  noble  metals,  especially  when  prepared  by  electrical 
dispersion  in  "pure"  water,  have  been  considered  exceptions  to  the  com- 
plex theory.* 

Bredig,*  however,  has  recommended  the  use  of  0.00 1  N  alkali  (NaOE) 
instead  of  pure  water  in  the  preparation  of  gold  sols  by  his  method.  la 
referring  to  this  point  Whitney  and  Blake'  state  that  "a  more  concea- 
trated  and  more  stable  gold  solution  may  be  obtained  by  sparking  goki 
electrodes  in  the  presence  of  a  solution  of  hydrochloric  acid  having  i 
conductivity  of  200  X  io~*." 

These  two  isolated  instances  of  the  stabilization  of  electrically  pie- 
pared  hydrosols  by  the  addition  of  foreign  substances,  suggested  that 
perhaps  other  electrolytes  would  be  found  to  have  a  gimilgir  effect,  and 
even  suggested  the  possibility  that  these  hydrosols  were  not  exceptions 
to  the  complex  theory  of  colloids.  The  fact  that  stable  hydroscds  have 
been  prepared  by  electrical  dispersion  methods,  without  the  additioB 
of  dectrolyte,  might  then  be  explained  either  by  the  assumption  tbat 
sufficient  electrolyte  was  formed  dtmng  the  process  of  dispersion,  or 
that  the  water  used  already  contained  the  electrolyte  necessary  for  the 
stabilization  of  the  colloid  in  accordance  with  this  theory. 

In  regard  to  the  first  of  these  assumptions,  it  is  well  known  that  when 

^  Cf.  Freundlich,  Loc.  cit,,  pp.  323-4  and  360;  Cassuto,  Loc,  ciL,  p.  313;  Tiqrla; 
"The  Chemistry  of  Colloids,"  Z915,  p.  no. 

*  "Anorganiscfae  Fermente/'  Dissertation,  Leipzig,  Z90I9  p.  26. 

*  This  Journal,  26,  1376  (1904),  footnote.  This  statement  was  not 
until  after  the  'present  work  including  the  preparation  of  red  gold  sols  in  aoooos  li 
0.002  i\^  HCl  had  been  completed.  The  conductivity  200  X  lo^forhydrodilaricadl 
corresponds  to  a  concentration  of  about  0.0005  N,  lying  well  within  this  range  of 
centration. 
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the  more  electropositive  metals,  e,  g.,  copper/  cadmitim,'  iron,'  and 
lead/  are  electrically  dispersed  in  water  the  sols  consist  partially  or  en- 
tirely of  the  metallic  hydroxide.  Mcintosh*  observed  that  the  conduc- 
tivity of  electrically  prepared  silver  sol  was  40  to  60  times  that  of  the 
water  used  (2.2  X  lo""*).  Blake^  found  the  freshly  prepared  silver  sol 
to  be  alkaline  to  phenolphthalein,  and  more  recently  the  work  of  Kohl- 
scbiltter^  and  of  Rebidre'  has  shown  that  a  considerable  portion  (15  to 
45%)  of  the  total  silver  may  be  present  as  oxide  or  hydroxide.  Indeed, 
even  in  the  case  of  platinum,  the  work  of  Graeser'  indicates  that  a  certain 
amount  of  oxidation  takes  place  when  this  metal  is  dispersed  in  the  presence 
of  air. 

There  are  clearly  two  points  open  to  experimental  work  which  may 
throw  some  light  on  the  natiu-e  of  electrical  colloid  synthesis  and  possibly 
on  the  theory  of  colloids  in  general:  (i)  the  relative  extent  to  which  oxi- 
dation of  the  metal  (formation  of  ion)  takes  place  during  the  preparation 
of  gold  and  platinum  sols,  and  (2)  the  nature  and  generality  of  the  stabiliz- 
ing effect  of  certain  electrolytes  in  the  preparation  of  gold  sols  as  observed 
in  the  two  cases  noted  above. 

V.  Oxidation  in  the  Dispersion  of  Gold  and  Platinum. 

The  method  employed  in  studying  this  point  was  to  measure  the  in- 
crease in  conductivity  when  gold'  and  platinum  sols  are  prepared  in  very 
pure  water.  While  it  is  perfectly  certain  from  the  work  of  Kohlschiitter^ 
and  of  Rebi^^^  that  all  of  the  electrolyte  present  in  the  sol  does  not  con- 
tribute  equally  to  its  conductivity  (probably  on  account  of  adsoq>tion 
by  the  colloid)  and  quantitative  results  cannot  therefore  be  expected, 
a.  qualitative  idea  of  the  relative  amounts  of  electrolyte  formed  may  be 
obtained  from  such  measurements. 

The  Conductivity  of  tiie  Colloid. 

That  any  increase  in  conductivity  is  not  due  to  the  colloid  itself^*  may 

>  Paine,  KoUoidchem.  Beth.,  4,  24  (19 12). 
'  Bredig,  Z.  physik.  Chem.,  32,  127  (1900). 

•  Schmauss,  Physik  Z.,  6,  506  (1905). 

•  Burton,  Phil.  Mag.,  [6]  zz,  425  (1906). 
»  J.  Phys,  Chem,,  6,  15  (1902). 

•  Am.  J.  Sci.,  [4]  z6y  431  (1903). 
^  Z.  EUktrochem.,  Z4,  49  (1908). 

•  Compt.  rend.,  Z4B,  354  (1909);  t54»  »540  (1912). 

•  DissertaUon,  Leipzig,  Z903;  cf.  Pretindlich,  Loc.  cU.,  p.  324. 
>•  Loc.  cU. 

"  The  prevailing  confusion  in  regard  to  the  conductivity  of  colloids  arises  more 
from  an  indefinite  conception  as  to  the  constitution  of  a  colloid  than  from  experimental 
<lifferences.  It  is  generally  admitted  that  the  conductivity  of  a  colloid  is  small  com- 
pared to  that  of  ordinary  electrolytes — ^yet  to  just  what  extent  the  conductivity  of  a 
3ol  is  due  to  the  colloid  proper  seems  to  be  a  matter  of  considerable  doubt.  Cf .  Stewart, 
"Recent  Advances  in  Physical  and  Inorganic  Chemistry,"  zgza,  p.  93;  Freundlich, 
JLoc.  cU.,  p.  337;  Cassuto,  Loc.  cit.,  p.  45;  and  Taylor,  Loc.  cit.,  pp.  62-5. 
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be  reasoned  from  two  viewpoints.  First,  the  chaige  on  the  ooDoid  is 
in  all  probability  due  to  ions  associated  with  it  and  any  effect  of  remcrag 
ions  already  present  in  the  medium  or  of  decreasing  their  mobility  woold 
be  to  decrease  the  conductivity — as  would  also  the  adsorption  of  the 
molecular  portion  of  the  electrolyte.  Second,  the  conductivity  due  to 
the  colloid  proper  may  readily  be  calculated  from  the  mobility  of  tk 
particles  in  an  electric  field  and  their  number  in  a  given  volume.  Tk 
necessary  data  are  readily  obtained  from  the  literature. 

The  results  of  previous  measurements  of  the  migration  velocities  i 
gold  and  platinum  particles  are  summarized  in  Table  I. 

Tablb  I. 

MobiUty.  Method. 

43.0  X  io~*  cm. /sec.  1  moving  boondary  in 
34.0  X  ID"*  cm. /sec.  J 

21.6  X  10"*  cm./sec. 


80L 

Au  W.  &  B. 

Pt  Bredig 

Au  Bredig 

Au  Bredig 

Pt  Bredig 

Au  Bredig 

Au  Zsigmondy 

Pt  Bredig 

Au  not  given 


vertide  tube 


33.0  X  lo"*  cm. /sec. 
20.3  X  10"*  cm. /sec. 

26.0  X  10"*  cm./sec. 

26.0  X  10"*  cm./sec. 

24.0  X  10"^  cm./sec 

6.7  X  10"^  cm. /sec. 


moving  boundary  in 
U-tube 


microscopic 


Whitney  and  Bbte* 
Whitney  and  BUe> 

Burton* 
Burton* 
Burton' 

RoUa* 
RoUa 
RoUa 
Cowanf 


Whitney  and  Blake  do  not  claim  any  greater  accuracy  than  to  say  thtt 
the  migration  velocities  are  of  the  same  order  of  magnitude  as  thos 
of  the  ions  of  neutral  inorganic  salts  of  monovalent  elements.  No  re- 
finements or  great  accuracy  were  attempted  in  Coward's  work.  RoDt's 
and  Burton's  values  agree  fairly  well,  but  those  of  the  former  are  moR 
consistent  among  themselves  and  will  be  used  for  the  purposes  of  cal- 
culation. As  a  matter  of  fact,  the  order  of  the  results  would  not  be 
affected  by  the  use  of  either  of  the  extreme  values  given  above. 

Zsigmondy'  gives  the  following  linear  dimensions  for  the  particks  of 
various  colored  gold  sols: 

Color  of  toL  ATerage  dw  ia  ip. 

Rose 6 

Deep  red 10 

Violet-red 23 

Violet 35 

Blue-violet 54 

Dirty  blue 30 

Purple-red 38 

Blue 130 

*  Loc.  cii,,  p.  1365. 

*  Calculated  from  data  given. 
>'PA*/.  Mag.,  [6]  IX,  425  (1906). 
^Ihid.,  [6]  12,  472  (1906). 

•  AtU  accad,  Lincei,  [17]  2,  650  (1908). 

•  Trans.  Faraday  Soc.,  g,  149  (1913). 
f  "ZuT  Erkenntnis  der  Kolloide."  1905,  p.  104. 
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The  average  radius  of  colloidal  gold  particles  evidently  lies  between 
the  limits  3  mm  &iid  65  mm- 

From  the  migration  velocities  and  the  radii,  the  charge  on  gold  par- 
tides  of  various  sizes  ^  may  be  calculated  with  the  aid  of  Stokes'  Law, 
e  s  6wnrv/X,  where  ^  is  the  charge,  97  the  viscosity  of  the  medium,  r  the 
radius  of  the  particle,  and  v  its  velocity  under  a  potential  gradient  X. 
Putting  iy  for  water  at  20°  =  o.oi,  u  =  26  X  io~'cm./sec.  whenX  =  i 
volt/cm.  the  charge  e  for  various  values  of  r  is  obtained.  From  the 
weight  of  gold  contained  in  a  known  volume  of  the  sol  and  the  radii  of 
the  particles  the  number  per  cc.  (N)  is  obtained.  From  the  number 
of  particles  per  cc.,  their  charge,  and  mobility,  the  specific  conductivity 
(k)  due  to  the  particles  is  readily  calculated.  Table  II  gives  the  values 
of  «,  N  and  k  calculated  for  various  values  of  r  for  a  sol  containing  100 
mg.  of  gold  per  liter. 

Tabls  II. 

r  (cm.).  e  (B.  S.  U.).  N  (per  cc).           *  (inlioi). 

10  X  lO-'^  16  X  IO-"  124  X  lO»»  1.7  X  IO-»* 

20  X  io-»  32  X  io-»»  15  X  io»«  0.4  X  IO-" 

30  X  io-»  48  X  10-"  5  X  ioi«  0.2  X  10-" 

40  X  10 -»  64  X  io-»»  2  X  10"  0.1  X  io-»» 

50  X  10-'  80  X  io-»«  I  X  ioi<>  0.07  X  lo-i* 

The  conductivity  of  platinum  sols  would  be  of  the  same  order  of  magni- 
tude. 

It  is  dear  that  the  conductivity  due  to  the  colloid  itself  is  negligible 
compared  to  those  measured.  Any  increase  in  the  conductivity  must 
therefore  be  due  to  the  introduction  of  electrolyte  into  the  sol  from  one 
or  more  of  several  sources:  (i)  oxidation  of  the  electrode,  (2)  impiuities 
|>resent  in  the  dectrode  materials,  (3)  combination  of  foreign  substances 
dissolved  in  the  water,  e.  g.,  nitrogen  and  oxygen,  and  (4)  accidental 
introduction  from  outside  sources  during  the  preparation.  Since  the  first 
of  these  is  of  primary  importance  in  the  present  investigation,  the  others 
were  eliminated,  as  far  as  possible,  by  the  use  of  very  pure  materials,  and 
the  exerdse  of  extreme  care  in  the  preparation  of  the  colloid  to  avoid 
the  acddental  introduction  of  foreign  substances. 

Materials  and  Apparatus. 

The  water  used  in  all  the  work  presented  in  this  paper  was  freshly 
distilled  from  alkaline  permanganate,  using  a  block  tin  condenser,  and 
was  collected  hot  in  thoroughly  steamed  * 'non-sol"  bottles.  Its  specific 
conductivity  at  25°  varied  from  0.6  to  1.2  X  io~*  mhos. 

The  gold  and  platinum  wire  used  was  the  purest  obtainable  from  a 

^  According  to  the  theories  of  Lamb  (Brit.  Assn,  Report,  18S7,  502)  and  Smoluchow- 
ski  (Bull.  Acad,  Set,  de  Cracone,  1903,  182)  the  rate  of  migration  should  be  independent 
of  the  size  and  shape  of  the  particles.  The  experiments  of  Whitney  and  Blake,  as 
irell  as  those  of  Burton,  support  this  view. 
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reliable  firm.  The  electrodes  were  made  by  scdderiDg  aboat  5  cm.  <f 
the  gold  or  platinum  wire  (No.  14,  B.  &  S.)  onto  copper  wires  of  the  saw 
diameter,  using  silver  solder.  The  electrodes  were  canfully  deanei 
polished  with  filter  paper,  and  finally  rinsed  with  conductivitjr  mttr 
before  each  experiment.  Only  the  gold  or  platinum  portiODS  of  the  das 
trodes  came  in  contact  with  the  waltT 
during  the  preparation  of  the  ctdloid. 

A  conductivity  cell  and  electrode  ad- 
justment were  so  designed  (Fig.  i)  tint 
the  coUoid  could  be  ]n%pared  in  the  ofi 
itself  and  thus  av(»d  the  necessity  of 
J  pouring  the  sol  brnn  one  vessel  to  u- 
other.  The  cell  was  patterned  after  tbe 
Freas  type  and  had  a  capacity  of  Bboot 
60  cc.  The  electrodes  were  amcentric 
platinum  cylinders  13  and  15  mm.  in 
"I  ^-^/^  diameter  and  25  mm.  in  beigbt  Tbty 
I  r^^  were  fixed  at  a  distance  of  about  i  mm. 
apart  by  three  ^ass  pinions  near  the  top 
and  three  near  the  bottom.  The  snr- 
faces  were  sandblasted,  but  not  platin- 
ized. The  constant  trf  the  cell  (ojjop) 
was  determined  by  conqiahsoa  widi  1 
cell  whose  constant  (0.3003)  had  beoiK- 
curately  determined  against  known  solu- 
tions of  both  sodium  and  potas^um  dlo- 
rides.  Mo  great  accuracy  was  attempted 
in  the  determination  of  the  former  oa- 
stant,  OS  all  measurements  were  to  be 
relative.  In  spite  (rf  the  eztrem^  lov 
value  of  this  constant,  heating  effects  witl 
solutions  of  conductivity  appimdnaf 
that  of  water  were  negligible.  A  Letdi 
and  Northrup  bridge  with  a  wire  about ; 
meters  in  length  and  connections  for  reversing  the  ends  was  used.  Tbe 
resistances  were  checked  among  themselves,  but  an  absolute  standaniia- 
tion  was  unnecessary.  All  conductivity  measurements  were  made  id  ( 
thermostat  at  a  temperature  of  25°  =^  o.oi ". 

The  current  for  the  preparation  of  the  coUoid  was  obtained  frwn  fc 
r2o  volt,  D.  C,  lighting  circuit.  In  addition  to  a  variable  resistance, 
an  inductance  coil  was  made  by  winding  several  layers  of  No,  22  (B.  ft&) 
asbestos-KX>vered  wire  around  an  iron  pipe  2  cm.  in  diameter  and  75  "■ 
in  length.     The  coil  was  surrounded  by  an  iron  jadcet  and  was  emp)c>H 
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as  a  principal  resistance.^  It  allowed  a  current  of  about  5  amperes  to 
pass  from  the  120  volt  circuit  and  because  of  its  large-  self  induction  a 
good  arc  could  be  obtained  with  a  current  of  3  to  4  amperes — the  strength 
used  throughout  this  work. 

Results  of  Conductbity  Measurements. 

A  number  of  experiments  were  carried  out  to  determine  the  relative 
increase  in  conductivity  in  the  preparation  of  gold  and  platinum  sols. 
The  arcing  was  continued  for  about  one  minute  in  each  case,  or  until 
sols  of  approximately  the  same  depth  of  color  were  obtained.  Of  a  num- 
ber  of  results  those  given  in  Table  III  are  typical. 

Tabus  III. 

Gold.  Pktliiinn. 


*HiO  X  10«. 

*M»1  X  I0«. 

AM  X  10«. 

1.03 

1.62 

0.i9 

1. 10 

1.14 

0.04 

0.99 

1. 14 

0.15 

0.96 

1.24 

0.28 

1. 12 

1.62 

0.50 

0.94 

1.55 

0.59 

0.5S 

0.75 

0.17 

0.90 

1.67 

0.77 

0.83 

i.xS 

0.35 

JkH«0  X  lOi.  *^  X  10«.  Aik  X  10». 

0.89              4:28  3.39 

0.73              3.49  2.76 

0.78              3.81  3.03 

0.88              4. II  3.23 


Average  ZUI  *  0.4  X  xo~*  mhos.  Aveiage  Aik  *  3.1  X  lo"^  mhos. 

The  average  increase  in  conductivity  isseen  to  be  nearly  8  times  greater 
for  platinum  than  for  gold.  Since  equal  precautions  were  taken  in  the 
preparation  of  the  two  sols,  the  difference  must  for  the  most  part  be  due 
to  a  greater  oxidation  in  the  case  of  the  platinum.  The  important  ob- 
servation was  made  that  the  flatinum  sols  were  invariably  more  stable 
than  the  gold.  All  the  gold  sols  were  blue  or  bluish  purple  and  usually 
precipitated  in  from  2  to  24  hours.  The  platinum  sols  on  the  other  hand 
remained  apparently  unchanged  on  standing  several  weeks. 

Thus,  earlier  evidence  in  regard  to  the  relationship  between  the  stability 
(rf  these  sols  and  the  presence  of  small  amounts  of  certain  electrolytes 
is  confirmed.  The  question  as  to  the  amount  and  nature  of  the  electro- 
lyte necessary  for  this  stabilization  still  remains. 

VI.  The  Stabilization  of  Gold  Sols  by  the  Addition  of  Electrolytes. 

The  average  increase  in  conductivity  in  the  preparation  of  the  platinum 
sols  was  found  to  be  3.1  X  lo"*  mhos,  which  would  correspond  to  the 
presence  of  o.oooi  to  0.0003  ^  concentration  of  free  electrolyte,  depending 
upon  the  mobilities  of  the  ions.  The  concentrations  of  alkali  and  hy- 
drochloric add,  mentioned  above  in  connection  with  the  stabilization 

^  We  are  indebted  to  Professor  Thos.  B.  Preas  for  assistance  in  the  designing  and 
construction  of  this  coil. 
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of  gold  sols,  are  much  greater  than  this,  but,  as  will  be  seen  from  the 
followiag  experiments,  the  addition  of  these,  as  well  as  of  certain  other 
electrolytes  in  concentrations  of  this  order,  to  the  water  in  whkfa  pild 
is  dispersed  e£Fects  a  very  marked  stabilization  of  the  sol. 

In  order  to  study  the  effect  oi  electrolytes  in  the  preparation  of  gold 
hydrosols,  these  sols  were  formed  by  striking  an  arc  between  pure  gpid 
electrodes  immersed  in  solutions  of  the  substances  under  investigatiosL 
The  apparatus  for  this  procedure  was  the  same  as  that  previously  <k> 
scribed,  except  that  the  conductivity  cell  was  replaced  by  a  thorou^ 
steamed  flask  of  about  40  cc.  capacity.  The  salts  used  were  lecrystallized 
from  conductivity  water  and  then  either  dried  at  115^  or  fused  in  a  plati- 
num dish.  From  the  salts,  thus  purified,  stock  solutions  of  0.01  N  con- 
centration were  made  by  weighing  out  the  salt  and  making  up  to  definite 
volume  at  25^,  using  conductivity  water.  The  solutions  of  lower  ood- 
centration  were  made  by  diluting  the  stock  solutions  with  conductivity 
water. 

The  results  of  these  experiments  are  given  in  Tables  IV-XII.  The 
uniform  manner  in  which  the  color  of  the  sol  varied  from  one  concentratioo 
of  electrolyte  to  another,  made  confirmation  of  the  results  by  dupiicatiGD 
of  the  experiments  unnecessary.  In  some  cases  this  confirmation  was 
made,  but  the  results  are  not  given.  The  variation  in  color  was  so  giadnal 
that  no  sharp  definition  of  theiimiting  values  of  the  '^ncentratians  of 
•electrolyte  in  which,  red,  stable  sols  were  obtained,  oould  be  made.  The 
<^ase  and  certainty  with  which  the  results  could  be  dupHcated,  however, 
is  illustrated  by  the  data  given  in  Table  XIII. 


Tablb  rv. — Sodium  HYDROxms. 


pone.  NaOH. 

Color  of  sol. 

0.00005 
O.OOOI 

N 

purple 
purple 

0.0002 

to 
0.0005 

< 

tinge  of  blue                                      ' 
red, 

decreasing  amount  of  blue               ^ 

0.0007 

' 

O.OOI 

0.002 
0.003 

►  pure  red 

0.004 

i 

0.005 

i 

1 

0.01 
0.02 
0.03 

reddish  purple 
bluish  purple 
blue 

Remarks. 


unchanged  in  18  hrs. 


pure  red  after  18  hrs. 


deep  bluish  purple  after  18  b^ 

pptd.  in  18  hrs. 
pptd.  in  2  hrs. 
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Cone.  HO. 

0.00005  ^ 
O.OOOI 

0.0003 
0.0005 
0.0007 

O.OOI 

0.002 
0.003 
0.004 


TaBLB  v. — ^HyDROOSN  CBtORIDB. 
Color  of  tdl. 


Remazki. 


*  pure  red 


bluish  purple 
bluish  purple 


all  pract.  the  same  color 
remaining  unchanged  for  weeks 

sharp  change  between  0.002  and 
0.003  JV 

precipitated  in  3  days 
precipitated  in  2  days 


Tablb  VI. — Sodium  Chloridb. 


CoBC  Naa. 
O.OOOI  N 
0.0002 

to 
0.004 

0.005 

to 
0.009 

O.OI 


Color  of  lol. 
reddish  purple 

pure  red 

tinge  of  blue 
red, 

increasing  amount  of  blue 
bluish  purple 


Remarks. 
The  red  sols  were  united* 
evaporated  on  a  water  bath 
to  a  aoo2  N  cone,  of  NaCl, 
filtered,  and  set  aside  for  two 
months,  at  the  end  of  which 
time  the  sol  was  apparently 
unchanged 


Tabls  VII. — ^Ammonium  Cbixmudb. 

Color  of  loL 
red,  faint  tinge  of  blue 


pure  red 

red,  trace  of  blue 
purple 


pure  red  after  2  days 

reddish  purple  after  2  days 
precipitated  in  2  days 


Table  VIII. — Potasstom  Chix>ridb. 

Color  of  toL  Rcmarki. 

purple 

reddish  purple 

faint  tinge  of  blue  The  color  was  little  changed 

red,  in  any  of  these  sols  after  stand- 
decreasing  amount  of  blue  ing  24  hrs. 

pure  red 

red,  faint  tinge  of  blue 
red,  with  more  blue 
purple 
purple 
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Cone.  CBr. 
O.oooi  N 

to 
0.0004 

0.0005 
to 

O.OOI 

0.002 

to 
0.005 

Cone  Q. 
O.OOOI  N 

to 
0.0007 

O.OOI 

to 
0.003 

0.004 

to 
0.006 

Cone.  BaClk 


0.00002 

to 
0.00004 

0.00005 
to 

O.OOOI 

0.00015 

0.0002 

0.0003 

0.0005 

0.0007 

O.OOI 


N 


Tablb  IX. — FcrtABSiUM  Broioimi. 

Color  of  loL 

purple 


red, 

tinge  of  blue 

pure  red 


None  of  these  sols  had  pre- 
dpitated  appreciably  titer 
standing  4  days 


.  red,  tinge  of  blue  with  increasing  of 
blue,  to  deep  purple 

Tablb  X. — PoTAsannc  looms. 

Color  of  aoL 


^  violet-purple  with  increasing  amount 
of  r^ 


red,  tinge  of  blue 
tinge  of  blue 


red. 


On  standing  overnight  all  of 
these  sob  had  cfaangtd  to 
about  the  same  color— leddiA 
violet  to  transmitted  li^t  aad 
a  golden  red  to  reflected  fglit 
(See  remarks  below  00  ttae 
sob) 


purple 


Tablb  XI. — ^Barium  Cbloridb. 

Color  of  loL 


reddish  purple,  decreasing  axnomit  of 
blue 


pure  red 

red,  tinge  of  blue 
reddish  purple 
bluish  purple 
blue,  trace  of  red 
blue 
blue 


practically  unchanged  after  2 
days 


partially  pptd.  in  2  days 
completely  pptd.  in  i  day 
completely  pptd.  in  3  hrs. 
completely  pptd.  in  3  his. 


Tablb  XII. — Sodium  Carbonatb.^ 

Cone.  NaiCOto.  Color  of  loL  Bci 

0.0001  N        bluish  purple 

reddish  purple 

red,  tinge  of  blue 

I  After  3  days  the  blue  tinfe  ba' 
I  entirely  disappeared. 


0.0002 
0.0003 
0.0005 

to 
0.003 
0.005 
o.oi 


red,  all  with  faint  tinge  of  blue 


reddish  purple 
purple 

>  Extrapolation  from  the  curve  obtained  by  plotting    log  Vm  (molar  voh^ 
against  log  a  (percentage  of  hydroljrsis)  indicates  that  at  concentratioiis  below  aooo? 
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Potassium  fluoride,^  nitrate,  sulfate,  chlorate,  and  sulfuric  acid  were 
tried  in  the  same  manner  over  similar  ranges  of  concentration.  *  With- 
out exception  the  sols  obtained  were  dirty  blue  in  color  and  coagulated 
completely  on  standing  for  a  few  hours. 

It  is  seen  that  hydroxide,  chloride,  bromide,  and  iodide  ions,  when 
present  within  certain  limits  of  concentration  in  the  water  in  which  gold 
is  electrically  dispersed,  exert  a  marked  stabilizing  action  on  the  sol  formed. 
The  effect  is  not  obtained  by  dispersion  in  pure  water  and  subsequent 
iaddition  of  the  electrol3rte. 

The  upper  limit  of  concentration  seems  to  depend  somewhat  on  the 
precipitating  power  of  the  cation  present.  Thus  the  upper  limit  for 
bariimi  chloride,  where  the  bivalent  cation  has  a  high  precipitatiqg  power, 
is  much  less  than  for  the  chlorides  of  sodium,  potassitun,  and  ammonium. 
The  relation  does  not  seem  to  hold  among  the  latter  ions  themselves 
and  other  factors  undoubtedly  aid  in  the  determination  of  the  upper 
limit  of  concentration. 

The  lower  limit  of  concentration  is  seen  to  correspond  closely  in  several 
cases  with  the  concentration  of  electrolyte  produced  in  the  preparation 
of  platinum  sols  in  pure  water.  The  amount  of  electrol3rte  formed  in 
the  latter  case  is  then  sufficient  to  account  for  the  fact  that  the  stability 
of  that  sol  is  greater  than  that  of  gold  sol  in  pure  water.  It  was  thought 
possible  that  the  lower  limit  of  concentration  might  depend  upon  the 
amount  of  colloid  formed,  i.  e.,  with  smaller  amounts  of  colloid  formed, 
red  sols  might  be  obtained  in  lower  concentrations  of  electrolyte.  Sols 
were  therefore  next  prepared  by  arcing  the  gold  for  different  periods  of 
time  in  the  same  concentration  of  electrolyte.  The  sols  were  then  diluted 
in  Nessler  tubes  until  the  same  density  of  color  was  obtained  and  the 
colors  compared. 

Tablb  XIII. 
0.00001  N  KCL  o.oooi  N  KQ. 

Time  of  ftrdng.  Color  of  mA,  Time  of  ardng.  Color  of  tol. 

5,  10,  15,  20  and  25  sec.      purple  10,  20,  30,  45  and  60  sec.      ted,  tinge  of  blue 

No  difference  in  the  colors  of  the  sols  of  either  series  was  apparent  and 
there  seems  to  be  no  relation  between  the  color  and  the  concentration 
of  the  colloid  near  the  lower  limit  of  electrolyte  concentration. 

Fluoride,  nitrate,  sulfate,  and  chlorate  ions  do  not  stabilize  the  gold 
sols.     In  fact,  the  sols  prepared  in  solutions  containing  these  ions  are 

N  sodium  carbonate  would  be  completely  hydrolyzed  (cf.  Morgan,  "Elements  of  Phys- 
ical Chemistry/'  19x4,  p.  367).  The  above  red  sols  in  sodium  carbonate  solutions 
can  be  attributed  to  the  concentration  of  hydroxide  ion  present  rather  than  to  any 
specific  action  of  the  carbonate  ion. 

^  The  C.  P.  salt  was  recrystallized  from  conductivity  water  in  platinum  vessels 
and  fused  in  a  platinum  dish.  The  0.01  N  solution  was  practically  neutral  to  litmus, 
although  more  concentrated  solutions  were  preceptibly  alkaline. 
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much  less  stable  than  those  prepared  in  conductivity  water.  It  is  to  be 
noted  that  these  ions  do  not  form  stable  compotmds  with  gold,  lASt 
chloride,  bromide,  iodide,  and  hydroxide,  mentioned  above  as  stahiliimg 
the  sols,  form  its  most  stable  compounds.  This  point  is  of  especial  interest 
in  the  exceptional  behavior  of  fluorine  as  compared  with  the  action  of 
the  other  halogens.  From  its  great  chemical  activity  it  would  be  expected 
that  gold  fluoride  would  be  among  the  most  stable  compounds  of  gold, 
yet  fluorine  appears  to  have  little,  if  any,  affinity  for  this  metal.  Lenher^ 
has  shown  that  "gold  fluoride  is  incapable  of  existence,  not  only  in  the 
presence  of  water,  but  under  ordinary  laboratory  conditions."  That 
this  unusual  behavior  should  be  dupticated  in  the  behavior  of  flnoride 
ion  toward  gold  hydrosol  points  strongly  to  a  relation  between  the  stabiUmi 
effect  and  ike  ability  of  the  ion  to  form  a  stable  compound  with  gold.  This 
indication  is  bom  out  by  the  behavior  of  the  other  ions  which  do  not 
readily  form  stable  compounds  with  gold  and  likewise  do  not  staUlize 
the  hydrosol. 

Compounds,  if  formed,  should  be  present  to  the  greatest  extent  in  the 
red  chloride  sols.  An  examination  of  the  filtrates  obtained  after  coaguh- 
tion  of  several  of  these  sols  with  hydrochloric  acid  was  made  to  detenmne 
the  presence  of  any  soluble  gold  compounds.  So  far  all  results  have  been 
negative.  Apparently  the  amount  of  gold  compound  necessary  to  stabiEze 
the  sol  is  either  extremely  minute  or  is  so  firmly  attached  to  the  colloidal 
particles  that  it  is  not  removed  from  the  coagulum  by  washing  with 
hydrochloric  add. 

The  red  sols  obtained  in  chloride,  bromide,  and  hydroxide  sofai- 
tions  are  very  similar  in  color  and  stability.  The  iodide  sols,  how- 
ever, are  quite  different  in  color  and  much  less  stable.  This  suggests 
that  an  examination  of  the  absorption  spectra  and  a  quantitative  investi- 
gation  of  the  stability  of  the  other  sols  would  show  differences  there  aba 
Work  along  these  lines  is  being  undertaken.  The  iodide  sols  present  aa 
appearance  which  suggests  the  presence  of  free  iodine.  Treatment  with 
carbon  disulfide  or  starch  fails,  however,  to  show  any  trace  of  the  &ee 
element. 

On  standing,  any  of  these  sols  gradually  deposits  gold  in  the  form  of 
a  fine,  yellow  powder  which,  upon  examination  tmder  the  microscope, 
appears  to  be  made  up  of  spherical  particles  ranging  in  diameter  frooi 
5M  down  and  very  similar  to  the  '*schmelzkugeln*^  described  and  photo- 
graphed by  Benedicks.  The  rate  at  which  the  gold  settles  out  decreases 
as  the  sol  stands,  as  shown  by  the  fact  that  a  sol  in  o.oooi  N  hydrochlorit 
acid,  which  contained  loo  mg.  of  gold  per  liter  when  first  prepared,  analyzed 
84  and  73  mg.  per  liter  after  standing  10  and  50  days,  respectively. 

It  was  of  interest,  especially  in  the  case  of  the  hydrodiloric  add  sols, 
*  Tms  Journal,  25, 1136  (1903). 
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on  account  of  the  reversal  of  the  charge  on  many  negative  colloids  by 
hydrogen  ion,^  to  examine  the  direction  of  migration  of  the  particles  in 
an  electric  field.  A  cell  for  the  observation  of  electrophoresis  was  de- 
signed,  which,  on  account  of  its  ease  of  construction  and  manipulation, 
warrants  description.  A  25  X  75  mm.  object  glass,  2  mm.  in  thickness,  was 
ground  to  the  form  shown  in  Fig.  2  and  cemented  to  a  similar  ungrotmd 


Fig.  2. — Actual  size. 

glass.  A  narrow  strip  cut  from  a  cover  glass  dosed  the  front  of  the 
trough.  Binding  posts  for  the  platinum  electrodes  were  cemented  into 
place  as  shown.  A  potential  of  from  4  to  6  volts  with  the  electrodes 
about  2  cm.  apart  gave  a  sufficiently  rapid  motion  to  the  particles  to  be 
readily  observed.  The  advantage  of  this  type  of  cell  over  those  previously 
described'  is  that  it  combines  ease  of  cleaning  and  filling  with  the  use  of 
small  amount  of  the  liquid.  The  volume  is,  however,  sufficient  to  avoid 
the  interference  of  the  "reverse  movement''  near  the  walls'  with  the 
observations.^  Disturbing  effects  due  to  liberation  of  gases  at  the  elec^ 
trodes  are  also  small. 

The  ceU  was  set  up  on  the  stage  of  a  Siedentopf-Zsigmondy  ultramicro- 
scope  and  gold  sols  in  sodium,  potassitun,  and  hydrogen  chlorides,  sodium 
hydroxide,  and  potassium  iodide  were  examined.  In  each  case  the  collcMd 
migrated  toward  the  anode  and  is  therefore  negatively  charged.  The 
hydrogen  ion  does  not,  therefore,  have  the  effect  of  reversing  the  direction 
of  migration  of  the  gold  particles  in  these  sols. 

Vn.  Conclusions  Concerning  the  Nature  of  the  Electrical  Syntiiesis  of 

Colloids. 

Prom  a  consideration  of  the  experimental  evidence  brought  out  in 
this  investigation  it  seems  that  electrical  colloid  synthesis  must  be  con* 
sidered  as  being  essentially  more  than  a  thermo-mechanical  dispersion. 
It  may  be  pictured  as  taking  place  in  two  distinct  steps,  the  second  of 
which  is  dependent  upon  the  conditions  produced  by  the  first: 

(i)  a  thermo-mechanical  action  by  which  the  metal  is  dispersed  in  a 

molten  or  vaporized  state  as  supported  by  the  experiments  of  Benedicks, 

and 

*  Cf.  Pcrrin,  /.  ckim.  phys.,  a,  601  (1904). 

'  Cotton  and  Mouton,  Ibid.,  4,  365  (1906);  Ellis,  Z.  physik,  Chem,,  78,  321  (191 1); 
and  Coward,  Loc.  cU. 

'  Cotton  and  Mouton,  Loc.  cU. 
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(2)  the  formation  of  a  colloidal  complex  between  the  highly  dispetsed 
metal,  at  a  high  temperature  produced  by  the  arc,  and  certain  ions  present 
in  the  medium. 

The  data  are  too  meager  to  enable  one  to  decide  definitely  as  to  tk 
nature  of  this  complex,  the  formation  of  which  takes  place  simultaneoosiy 
with  the  condensation  of  the  dispersed  metal  in  the  liquid  or  vaporixed 
state  to  the  solid.  It  might  be  conceived  to  depend  upon  the  actkn  d 
certain  ions  as  condensation  centers,  similar  to  the  condensation  of  soper- 
saturated  water  vapor  upon  dust  particles  or  ions  in  a  gas.  The  con- 
densation of  water  vapor  might  be  supposed  to  take  place  more  readflf 
on  dust  particles  of  calcimn  chloride  than  on  particles  of  a  chemicaHy 
indifferent  substance.  By  analogy,  since  a  greater  chemical  potential 
exists  between  the  atoms  or  ions  of  chlorine  and  of  gold,  for  example, 
than  between  those  of  fluorine  and  gold,  the  former  would  very  probaMf 
furnish  points  of  condensation  more  readily  than  the  latter.  The  initid 
stage  of  such  a  condensation  would  be  chemical  reaction  in  the  ordinanr 
sense.  Subsequent  growth  of  the  particles  would  depend  upon  certaii 
physical  conditions,  e.  g.,  increased  radiation  with  the  growth  of  the 
particle  tending  to  increase  its  ability  to  serve  as  a  point  of  condensatioiL 
In  a  pure  medium,  or  one  which  contains  no  stabilizing  ion,  the  dtspenkifi 
takes  place,  but,  owing  to  the  lack  of  condensation  centers,  the  condeosi* 
tion  occurs  at  fewer  points  and  the  particles  are  consequently  laiger- 
The  dispersion  then  behaves  as  an  ordinary  suspension  and  settks  oi< 
rapidly.  This  would  account  for  the  great  instability  of  gold  sok  a 
conductivity  water  and  of  Svedberg's  metal  organosols  in  pure  media. 
The  increased  stability  of  the  sols  obtained  in  the  presence  of  staldisif 
ions  is  not  alone,  however,  to  be  considered  as  dependent  upon  the  iootasei 
dispersion  obtained.  The  presence  of  these  ions  in  the  particles  of  Ike 
colloid  constitutes  in  itself  a  stabilizing  factor.  It  does  not  seem  likelT 
that  the  whole  of  the  particle  consists  of  a  single  chemical  substam 
and  there  can  be  little  doubt  that  these  sols,  as  well  as  those  of  metaffie 
sols  in  general,  regardless  of  their  method  of  preparation,  consist  of  esseo- 
tially  more  than  a  dispersion  of  metallic  particles  in  an  indifferent  medioD' 

VIIL  Summary. 

It  has  been  shown  that: 

1.  The  specific  conductivity  due  to  the  colloid  proper  of  metallic  hydro* 
sols  of  average  concentrations  is,  by  calculation  from  reliable  data,  of  tf 
order  of  10 ""^^  mhos  or  about  o.oooi  of  that  of  conductivity  water. 

2.  The  oxidation  of  metal,  i.  e.,  the  formation  of  ion,  which  takes  phK 
dtuing  the  electrical  dispersion  of  platinum  in  water  is  coasideiably 
greater  than  in  the  case  of  gold. 

3.  Electrically  prepared  platinum  sols  in  water  of  conductivity  le* 
than  1.2  X  io~*  mhos  are  much  more  stable  than  similar  gold  sols. 
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4.  The  free  electrol3rte  fonned  in  the  above  platinum  sols  (as  distin- 
guished from  that  which  may  be  adsorbed  and  takes  rdatively  little  part 
in  the  conductivity)  corresponds  to  an  electrolyte  concentration  of  0.0001 
to  0.0003  ^• 

5.  The  presence  of  chloride,  bromide,  iodide,  or  hydroxide  ion  in  con- 
centrations ranging  from  0.00005  to  0.005  N  (approximately)  has  a  marked 
stabilizing  effect  on  gold  sols,  and  furnishes  a  quick  and  reliable  method 
of  preparing  these  sols. 

6.  The  stabilizing  effect  is  not  produced  by  dispersion  of  the  gold  in 
pure  water  and  subsequent  addition  of  the  electrolyte. 

7.  The  upper  limit  of  electrolyte  concentration  for  a  particular  anion 
seems  to  be  governed  somewhat  by  the  precipitating  power  of  the  cation. 

8.  The  lower  limit  of  electrolyte  concentration  required  to  produce 
a  red  sol  is,  within  a  wide  range,  independent  of  the  concentration  of 
colloid  formed. 

9.  The  particles  in  all  of  these  red  sols  have  been  shown  by  electro- 
phoresis to  be  negatively  charged. 

10.  The  stabiliziiig  effect  is  not. observed  on  the  addition  of  fluoride^ 
nitrate,  sulfate,  or  chlorate  ion  in  similar  concentrations. 

11.  The  stabilizing  effect  seems  to  be  closely  related  to  the  ability  of 
the  ion  to  form  stable  compounds  with  gold*  No  gold,  however,  could 
be  detected  in  the  filtrate  obtained  after  coagulation  of  the  sol.  The 
amount  of  gold  compound  necessary  to  stabilize  the  colloid  is  probably 
extremely  minute. 

12.  electrical  qmthesis  of  colloids  is  considered  to  consist  of  a  thermo- 
mechanical  dispersion  of  the  metal  which  is  followed  by  the  formation 
of  a  colloidal  complex  between  the  dispersed  metal  and  certain  ions  present 
in  the  medium. 

In  conclusion  we  desire  to  express  our  appreciation  of  generous  assistance 
and  advice  from  members  of  this  department  and  of  the  Department 
of  Physics. 

Msw  YOBK.  N.  Y. 
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THE  CRITICAL  CONSTANTS  OF  NORMAL  BUTANE,  ISO-BUTANE 

AND  PROPYLENE  AND  THEIR  VAPOR  PRESSURES  AT 

TEMPERATURES  BETWEEN  o""  C.  AND  zao""  C. 

By  P.  M.  SviBBKT  AMD  G.  a.  Buxmsu..^ 
Received  September  27,  1915. 

In  this  report,  one  of  a  series  dealing  with  the  vapor  pressures  of  gases^ 
are  shown  the  critical  constants  of  N-butane,  isobutane  and  propylene 
^  Published  by  permisdon  of  the  Dh^ector  of  the  Btireatt  of  Mines. 
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and  their  vapor  pressures  at  temperatures  from  o^  C.  up  to  120^  C.  Tfaeae 
data  had  not  been  previously  determined.  They  weiie  needed  hy  thb 
laboratory  in  work  on  the  liquefaction  of  gases  at  different  temperaUuc 

Preparation  of  Oases. 

The  physical  properties  of  substances  in  the  neighborhood  of  thdr 
critical  points  are  seriously  affected  by  the  presence  of  minute  traces  of 
impurities;  hence  it  is  of  the  utmost  importance  to  obtain  as  pure  material 
to  work  with  as  possible.  Therefore,  extreme  care  was  exercised  in  tk 
preparation  of  the  gases  selected  for  the  work.  Final  purificatioo  ms 
accomplished  in  every  case  by  fractionating  the  gases  at  low  tempera- 
tures. In  some  cases,  for  instance  in  separating  normal  butane,  nonnal 
boiling  point  — 0.3^,  from  possible  traces  of  isobutane,  normal  boilfflg 
point^  — 13-4^>  fractionation  was  conducted  at  a  pressure  of  less  than 
I  mm.  of  mercury;  hence  the  process  was  tedious  to  carry  out  by  wotking 
with  a  hand-operated  vacutun  pump,  and,  therefore,  the  operatioii  was 
made  automatic,  as  described  later. 

Isobutane. — Isobutane  was  prepared  by  the  reaction  between  isobntji 
iodide  and  the  zinc-copper  couple.  The  evolved  gas  was  odlected  om 
caustic  potash.  Next  it  was  introduced  into  a  bulb  surrounded  by  liqud 
air,  and  atmospheric  air  or  other  gases  of  sufficient  vapor  pressure  at  tiie 
temperature  of  liquid  air  were  removed  by  repeated  fractionations  iritii 
a  Topler  pump.  Fractionation  of  the  gas  was  repeated  until  no  wen 
gas  was  given  off.  Next  the  gas  was  fractionated  at  a  temperature  of 
— 120®  to  — IIS*'.  At  this  temperature  the  vapor  pressure  of  nonoal 
butane  is  practically  nil  (it  is  i  mm.  at  — 99.9®)  and  the  vapor  pressme 
of  isobutane  is  below  i  mm.*  This  procedure  freed  the  isobutane  of  any 
possible  traces  of  normal  butane.  Fractionating  at  — 120*  to  — 115' 
was  tedious,  hence  the  operation  was  made  automatic  by  connectii^  a 
bulb  immersed  in  liquid  air  with  the  bulb  containing  the  liquid  gas  under 
examination.  As  a  result  the  gas  distilled  over  into  the  liquid-air  bafc 
with  but  little  attention  from  the  operator.  After  about  three-fourths 
of  the  Uquefied  gas  had  distilled  the  distillation  bulb  was  sealed  off.  This 
process  was  repeated  about  10  times,  the  whole  operation  requiring  ooe 
week's  time.  Of  course,  water  vapor  and  other  gases  whose  vapor  pres- 
sures are  entirely  negligible  at  a  temperature  of  — 120**  to  — 115**  a«« 
also  removed  at  the  same  time.  But  as  further  precaution  the  gas  was 
fractionated  several  times  at  a  temperature  of  about  — 98^.  At  tbis 
temperattu'e  the  vapor  pressure  of  isobutane  is  about  7  nmi.,  hence  fia^ 
donation  proceeded  faster. 

Normal  Butane. — ^This  was  prepared  by  the  reaction  between  nonnal 

*  Lebeau,  Chem.  Zentr.,  1908,  IT,  292,  gives  — 10.5*  and  Noyes,  Tms  Joufkau  jai 
142  (1908)  gives — 1 1.5®. 

*  See  This  Journai.,  37,  2x88  to  2193,  24S2  to  2486  (1915). 
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butyl  iodide  and  the  zinc-copper  couple.    It  was  collected  over  caustic 
potash  and  ptuified  by  fractionation  at  low  temperatures. 

Propylene. — Propylene  was  prepared  by  dehydrating  propyl  alcohol 
with  phosphoric  anhydride.  It  was  collected  over  caustic  potash  and 
purified  by  fractionation  at  low  temperatures. 

Criteria  of  Purity. 

1.  The  vapor  pressures  determined  by  the  authors  were  independent 
of  the  relative  volumes  of  liquid  and  vapor. 

2.  The  logarithm  of  the  presstu-e  plotted  against  the  reciprocal  of  the 
absolute  temperature  gave  a  straight  line. 

3.  The  critical  phenomena  were  normal  and  different  samples  of  con- 
densed liquid  gave  identical  results  both  as  to  vapor  pressure  and  critical 
constants. 

4.  All  the  vapor  in  the  experimental  tube  could  be  condensed  tq  the 
liquid  phase  without  a  perceptible  rise  of  pressure. 

The  Critical  Constants. 

Critical  Temperature. — ^Young^  defines  the  critical  temperature  as  the 
temperature  at  which  the  volume  of  satm^ted  vapor  and  that  of  the 
liqtiid  are  equal. 

When  a  gas  is  compressed  below  its  critical  temperature  the  volume 
of  the  liquid  increases,  the  vapor  decreases  and  a  sharp  meniscus  is  present. 
As  the  critical  point  is  approached  the  meniscus  becomes  flatter  and  less 
distinct;  finally  a  mist  or  opalescence  appears  within  a  small  range  of 
temperature.  It  should  make  no  difference  from  which  side  the  critical 
temperature  is  approached:  the  same  phenomena  at  the  same  tempera- 
ture should  be  reproduced  from  either  side.  The  critical  point  was  taken 
to  be  that  at  which  no  meniscus  was  visible  when  the  volume  was  constant, 
and  at  which  it  just  appeared  when  the  volume  was  slightiy  increased. 
In  the  duplicate  experiments  of  the  authors  the  critical  temperatures 
never  differed  by  more  than  o.i  ^ 

Critical  Pressure. — ^The  critical  presstu'es  were  determined  by  means 
of  the  compression  machine  shown  in  Fig.  i*  and  read  by  means  of  the 
air  manometer  when  the  critical  temperature  was  reached. 

Calibration  of  Manometers. — ^The  air  manometers  {e)  and  {d),  Fig.  i, 
consisted  of  two  capillary  tubes  with  white  backgrounds,  having  an  in- 
ternal diameter  of  about  0.8  mm.  and  a  length  of  about  500  mm.  They 
were  graduated  in  millimeters  and  accurately  calibrated  by  filling  them 
with  mercury  and  allowing  any  desired  portion  to  flow  through  a  small 
capillary  stopcock  sealed  to  the  tubes.    The  volumes  were  calculated 

<  Proc.  Roy.  DuiMn  Soc.,  la,  407  (1910). 

s  Similar  in  most  re^>ects  to  one  used  by  Sidney  Young  and  constructed  at  this 
laboratory  by  O.  P.  Hood,  chief  mechanical  engineer  and  W.  F.  Hausstein,  instrument 
maker,  and  P.  E.  Donath,  glassblower. 
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tmm  the  weights  of  mercury  drawn  off.  After  the  tubes  bad  been  oE- 
brated  over  their  entire  length,  one  end  of  each  was  closed  and  the  vobaat 
up  to  a  chosen  mark  which  tiad  not  been  affected  by  the  sealii^-oS  procesi 
was  obtained  by  introducing  mercury  through  a  very  fine  hair-lite  tube, 


Pig.  I.— Camprtwion  appantiu  for  detenniniiiK  critkxl  dstK  tud  -nptx 


noting  the  position  of  Hie  mercury  in  the  tube  and  then  withdraving  it 
with  the  same  small  tube  and  weighing  it.  After  several  check  operatioiB 
the  volume  of  the  closed  end,  with  reference  to  a  graduation  on  the  tube, 
was  determined  by  weighing  the  mercury  drawn  off. 

One  of  the  tubes  served  as  a  high-pressure  and  the  other  as  a  kw- 
pressure  manometer.  The  low-pressure  tube  was  then  blown  out  dightiy 
at  the  open  end  so  that  a  small  ridge  was  formed  which  prevented  it  fnw 
slipping  from  its  rubber  cap  when  introduced  into  the  compression  audiiiK. 

To  the  high-pressure  tube  (e).  Fig.  i,  a  small  bulb  was  sealed,  so  ttat 
a  much  larger  mass  of  air  could  be  introduced.     The  capacity  of  tbit 
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bulb  was  about  3  cc.  In  filling  these  manometers  with  air  both  tubes 
were  sealed  to  a  common  train  which  was  in  ttnn  sealed  to  a  Tdpler  pump 
containing  a  lai^e  tube  of  phosphoric  anhydride.  After  the  tubes  had 
been  thoroughly  exhausted,  dry  and  COt-free  air  was  introduced  into 
them.  They  were  then  evacuated,  filled  with  air,  again  evacuated,  etc.> 
nine  or  ten  times,  and  finally  filled  at  about  atmospheric  pressure  with 
air  which  had  been  passed  over  phosphoric  anhydride  and  soda  lime  several 
hundred  times.  The  ends  were  then  sealed  off  and  scratched  with  a  file 
so  that  they  could  be  broken  c^  beneath  the  mercury  in  the  pump.  Next 
they  wete  fitted  into  their  rubber  caps,  their  ends  broken  in  the  reservoir 
of  the  compression  machine  and  screwed  tightly  into  the  machine. 

PV  was  obtained  for  the  low  manometer  by  fitting  into  the  third  open- 
ing in  the  compression  machine  a  long  capillary  tube»  of  about  2-mm. 
diameter,  open  at  both  ends,  and  observing  the  difference  of  levels  of 
mercury  in  the  open  tube  and  the  low  manometer  corresponding  to  several 
different  positions  of  the  mercury  in  the  manometer. 

Tabus  I. 
Barometer  ■>  741  mm. 


remding. 
DiYinoa 
•  number. 

340.0 
320.0 
300.0 
280.0 
260.0 
240.0 
220.0 
201.0 


Vol.  of 
air  at 
©•C 

0.2373 
0.2365 
0.2217 
0.2069 
0.1920 

0.1774 
0.1624 

0.1482 


Temp. 

DO 

*Abt. 
297.7 

297.7 
297.7 
297.7 
297.7 
297.7 

297.7 
297.7 


Temp*  of 
open  manom.      Diff.  of 
loom  temp,  levels  corr.     mm.  Hg . 


opci 
Roi 


•C. 
27.0 
27.0 
27.0 
27.0 
27.0 
27.0 
27.0 
27.0 


107 
161 
220 
289 

369 
460 

569 
693 


atO« 
898 
902 

961 

1030 

mo 
1201 
1310 
«434 


PV 

X. 

213. 1 

213.3 

213.0 

213.1 

213. 1 

213.05 

212.7 

212.5 


Mean  value  of  PV  i*  213.0. 


HIgb-i 


Tabus  II. 


lag. 
Division 


340.0 
300.0 
320.0 
260.0 
240.0 
220.0 
200.0 
180.0 
140.0 
120.0 
lOO.O 
70.0 


Vol.  of 
air  at 
©•C. 

0.2094 

0.1838 

0.1964 

0.15825 

0.1447 

0.1332 

0.1206 

0.1082 

0.0836 

0.0713 

0.05928 

0.04144 


Low-gage 
reading. 

125.5 
108.0 
1x6.9 

91.9 

84.0 

76.5 
69.1 
61.9 

47.9 
41. 0 

34.5 
24-7 

Mean 


VoLof 

air  at 

©•. 

0.0919 

0.0792 

0.08547 

0.06704 

0.0606 

O.Q5547 
0.0499 

0.0445 

0.0341 

0.0289 

0.02402 

0.01663 


Diff.  of 
leTelsw 

221 
199 
210 

160 
150 

138 
125 
100 

87 
75 
54 


Pressure 
f nun  low 

fsading. 

2539 
2888 
2702 
3352 
3674 
3989 
4406 

4911 
6346 
7455 
8942 
12862 


PV. 

531.6 
530.8 
530.6 
530.6 
531.6 
531.3 
531.4 
531.4 
530. 1 

531.5 
530.1 
533.0 


recale. 

from  av. 

PV. 

2536 
2890 
2704 
3356 
3671 
3987 


4909 
6354 
7450 

8957 
1281^ 


vahie  of  PV  —  531.2. 


2688  i^.  M.   SEIBBRT  AND  G.   A.  BURRBU*. 

Table  I  gives  the  data  employed  in  calculating  PV  for  the  low-] 
manometer  used  in  this  work. 

The  foregoing  set  of  observations  was  used  to  obtain  PV  for  the  lii|^ 
pressure  manometer,  as  follows: 

The  open  tube  was  removed  from  the  compression  machine  and  a  smil 
plug  of  glass  inserted  in  its  place  in  the  cap.  The  pltmger  was  screwed  «p 
until  the  mercury  in  the  high-pressure  gage  appeared  on  the  gnufaiatioa. 
Readings  were  then  taken  on  both  gages. 

The  data  obtained  for  the  high  gage  are  given  in  Table  II. 

The  figures  in  the  sixth  column  of  Table  II  were  calculated  fran 

P  =  I ^ ?zaJ 1-  difference  of  levels  in  gages  ). 

VObserved  voliune  X  273/T  / 

Method  at  Filling  the  Tubes  with  Substances  for  InTestigation.— The 

tubes  (c),  Fig.  i,  to  contain  the  condensed  gases  were  about  500  mm. 
long  and  had  an  internal  diameter  of  about  2.5  mm.  One  end  was  sealed 
up  and  on  the  other  end  a  small  ridge  was  blown  to  prevent  it  from  slipping 
from  the  rubber  cap  in  the  compression  machine.  This  latter  end  was 
then  drawn  out  very  thin  (in  order  to  facilitate  subsequent  sealing  off) 
and  sealed  to  a  train  to  which  a  bulb  was  also  sealed.  Pure  gas  introduced 
beforehand  into  a  T5pler  pump  was  then  condensed  in  the  bulb  by  means  of 
Uquid  air  and  pumping  carried  on  until  all  traces  of  air  (possibly  acci- 
dentally introduced)  were  removed  from  the  gas.  Several  evaporations  , 
and  condensations  were  always  made  and  the  pumping  continued  to  be 
sure  that  no  air  was  present.  Finally  some  gas  was  condensed  in  the 
experimental  tube  and  then  allowed  to  evaporate.  About  i  to  i  Vs  iodba 
of  liquid  gas  was  then  condensed  with  Uquid  air  in  the  tube  and  all  the 
excess  gas  pumped  off.  The  tube  was  then  sealed  off,  scratched  with  i 
file,  and  set  in  the  compression  machine.  By  this  method  of  seaSof, 
alteration  of  the  gas  by  the  flame  of  the  blowpipe  did  not  occur,  becaus 
at  the  temperature  of  liquid  air  the  vapor  presstu'es  of  the  gases  are  ne^- 
gible  and  hence  no  vapor  was  present  at  the  point  of  sealing.  Next  the 
piston  of  the  compression  machine  was  driven  up  until  the  tip  of  the  tnbe 
was  broken  off  beneath  the  mercury,  whereupon  the  latter  rushed  tnto 
the  tube  and  trapped  the  liquid  gas. 

Method  of  Carrying  Out  a  Determination.— After  the  tube  (c)  Fig.  i. 
containing  the  gas,  was  screwed  tightly  in  the  compression  mafhitif« 
the  jacket  shown  in  Fig.  i  was  set  and  some  lead  oxide  mixed  with  g^yoenil 
applied  to  the  stopper  supporting  the  jacket  in  order  to  make  a  tjg^t 
joint. 

Some  mercury  was  poured  down  the  side  tube  (h,  Fig.  i)  to  cover  tbc 
rubber  stopper  and  the  substance  (in  one  experiment  chlorobenicfle 
boiling  under  different  pressures)  which  served  for  maintaining  the  de- 
sired jacket  temperature  was  introduced  into  the  bulb  0,  through  the  same 
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nd«  tube,  (h,  Fig.  i).  It  whs  then  closed  with  a  plug  of  ^ass  and  a  rubber 
tube.  The  Uquid  in  the  bulb  was  then  boiled  by  means  of  a  gas  flame 
and  the  pressure  on  the  i^por  therein  read  by  means  c4  a  scale  (a,  Pig.  i), 
and  regulated  by  means  of  a  water  pump.  The  temperature  was  ap- 
proximately read  from  tables  given  by  Travers.' 

The  final  temperature  readings  were  obtained  by  means  of  a  potentiom- 
eter and  a  copper-constantan 
thermocouple  calibrated' 
i^ainst  a  mercury  thermom- 
eter in  turn  calibrated  by  the 
Bureau  of  Standards.  Tern- 
peratures  were  read  to  0.02 ". 
The  arrangement  is  shown  in  | 
Kg.  I.  I 

When  thevaporin  the  jacket  $ 
tube  was  at  the  required  tem- 
perature, readings  of  the  vapor 
pressure  were  taken  with  the  ! 
Uquid  and  vapor  occupying  dif- 
ferent volumes.  The  best  pro- 
cedure, as  has  been  pointed  out 
by  Young,*  was  to  condense  all 
the  vapor  by  increasing  the 
pressure  by  means  of  the  piston 
and  then  draw  out  the  piston 
^ain  while  ebuUitioa  took 
place.  Readings  were  taken 
with  the  vapor  occupying  a 
fanall   volume  and  again  when  ^«'  »■— Temperature.  "  C  plotted  against  pres- 

...  ,  sures,  mm.  of  Hg. 

It  occupied  a  larger  volume. 

Tablb  in. 
Method  of  CEJculathig  Oie  Vkpor  Pressure  (rf  Propylene  at  50°. 

Temp,  of  V(d.  of  IHf .  ol 

Guc  inaaaoi.  air  at  levela  In         Anwint'* 

nmi&t.  *C.  0°.  PV/V  Bt  0°.   two  lubtt.       comctiaa.  P. 

s8.o  24.0  0.03446  13414  +317  — ISO  isjii 

58.1  34.0  0.0345s  "5374  +310  — «»<»  15564 

When  the  vapor  and  liquid  were  in  equilibritmi  the  machine  was  tapped 
with  a  stout  block  (rf  wood  in  order  to  cause  the  mercury  columns  to  settle. 
Next  readings  were  taken  from  the  high-pressure  gage.     The  pressure 

'  "Experimental  Study  of  Gases,"  190*1  PP-  3i7.  3i8- 

■  Calibrated  with  the  assistance  of  J.  K.  Clement,  physicist  of  the  Bureau  of 

•  Proc.  Roy.  Dublin  Soe.,  13,  pp.  396  (1910). 
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was  obtained  from  PV  of  the  high-pressure  gage,  also  from  the  diffciau 
of  levels  of  mercury  in  the  experimental  and  manometer  tubes.  A  cor- 
Tection  was  applied  for  the  compressibility  of  air  as  determined  by  AmagaL' 

The  authors  could   check  their  temperatures  within  0.1°  and  tkat 
pressures  within  0.5%. 

Corves. 

The  authors  have  plotted  curves  of  the  results  of  the  investigatioa  m 
follows: 

Fig.  3  shows  the  temperatures  plotted  against  the  vapor  pnsnm 
of  normal  butane,  isobutane  and  propylene,  respectivdy. 

Fig.  3  shows  the  log  p  and  i/T  plot  for  the  substances  used  tn  tla 
investigation  and  also  that  used  for  the  measurement  of  vapor 
at  low  temperatures. 


Pic-  3. — lAvuitbta  of  the  prenure  plotted  against  redpcooU  of  the  tbteUK 
temperature. 

It  will  be  observed  that  the  vapor  pressures  as  determined  by  the  preiat 
authors  for  normal  butane,  isobutane,  and  propylene  at  temperatnm 
between  0°  C.  and  130°  C.  fall  on  the  same  straight  line  as  tbe  vapor 
pressures  detenniaed  t^  Burrell  and  Robertson  at  low  tempeiatnrcs.' 

In  Table  IV  are  shown  tbe  critical  data  for  the  three  gases  under  is- 

vestigation,  also  a  and  b  as  calculated  from  van  der  Waals'  equadoa. 

Tablb  IV. — Cmticai.  Data. 

T«Bp.  Vtrm  Phi  Ml 

Nonnalbutaae las-s        >7ii3        33-^        o.oaSSs        0.00941^ 

laobntane 133-7        ^7771        36-54        o. 03^63        o.oojotf 

Propylene 91.6        344^3        43-34       0-01G6S        0.00369* 

a  and  b  were  calctdated  from  van  der  Waals'  equation: 

64(273)*    Pk  8.273     Pk 

In  Table  V  are  shown  the  vapor  pressures  of  the  three  gases  at  differ 
temperatures. 

*  Given  in  Traver's  book  on  "The  Biperimentol  Study  of  Gases,"  p«|e  134. 
■  This  JoinU(Ai„  37,  1915,  9188  to  3193,  3483  to  3486  (1913). 
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Tabls  v. 

T«p. 

lYewure  (mm.  Hg .). 

Iso-lmUae. 

PcopyMi 

130 

•  ■  • 

20600 

lao 

31700 

18100 

no 

18600 

14700 

100 

15400 

13500 

90 

13000 

10700 

80 

10650 

•  •  • 

27400 

70 

8700 

6700 

22800 

60 

7000 

5400 

X8900 

50 

5600 

4300 

15500 

40 

4400 

3350 

12600 

30 

3400 

2550 

9900 

0 

•  •  • 

•  •  • 

4400 

Stttmnaiy. 

The  critical  data  for  propylene,  normal  butane,  and  iso-butane  are  given. 
Vapor  pressures  of  these  three  gases  at  temperattu'es  ranging  from  o^  C. 
to  130^  C.  are  also  shown. 

The  authors  are  indebted  to  Dr.  G.  A.  Hulett,  consulting  chemist,  and 
to  I.  W.  Robertson,  junior  chemist  to  the  Bureau  of  Mines,  for  valuable 
assistance  in  conducting  this  work. 

FnrmuBOB,  Pa. 


(COMTRIBimON  FROM  TH8  LABORATORY  POR  GaS  RBSAARCH  OP  THS  U.  S.  BXHUtAU  OP 

M1NB8.] 

THB  VAPOR  PRBSSURBS  OF  SULFUR  DIOXIDE  Am)  NITROUS 

OXIDB  AT  TEMPERATURES  BELOW  THEIR 

NORMAL  BOILING  POINTS. 

Bv  G.  A.  BomsSLL  and  L  W.  Robsktbov. 
Received  September  29,  1915. 

In  this  paper,  one  of  a  series,  dealing  with  the  vapor  pressures  of  sub- 
stances at  low  temperatures,  are  shown  the  vapor  pressures  of  sulfur 
dioxide  and  nitrous  oxide.  The  method  of  procedure  has  been  described 
in  previous  communications  to  This  Journal.^ 

Preparation  of  Gases. 

Solfor  Dioxide. — ^This  was  prepared  by  the  action  of  sulfuric  add 
on  copper.  It  was  bubbled  through  water  to  remove  sulfur  trioxide  and 
finally  thoroughly  fractionated  at  the  temperature  of  liquid  air  to  remove 
atmospheric  air  or  other  gases  of  high  vapor  pressure  at  that  tempera- 
ture, and  at  temperatures  between  — 70®  and  — 100 **  to  remove  water 
vapor  and  other  gases  of  negligible  presstu-es  at  those  temperatures. 
Purification  was  carried  to  the  point  where  the  entire  liquid  boiled  within 
a  range  of  0.2  ^ 

Nitrous  Oxide  (NsO). — ^Nitrous  oxide  was  prepared  by  heating  ammo- 
i  Tms  Journal,  37, 1893, 1902,  3i88»  2x93,  34B2,  2486  (19x5). 
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nium  nitrate.  The  evolved  gases  were  passed  through  caustic-potash  soh- 
tion  and  sulfuric  acid  and  finally  thoroughly  purified  by*  fractioiiatifln 
at  low  temperatures.  In  the  vapor-presstu^  observaticHis,  itatfinp 
were  made  with  a  rising  and  falling  mercury  column,  and  checked  after 
boiling  away  a  part  of  the  liquid  gas  in  the  vapor-pressure  bulb. 

In  Tables  I  and  II  are  shown  the  observed  and  calculated  vapor  pres- 
sures for  the  two  substances,  the  temperatures  given  being  the  avcnp 
of  one  reading  each  on  thermometers  Nos.  707  and  504.  The  equatiaos 
of  the  curves  were  calculated  from  the  Nemst  formula^ 

Log^  =  -^+i.75logT —  TH-C. 

4-57  iT  4-571 

In  the  case  of  sulfur  dioxide  the  constants  X^  c,  and  C  were  found  bf 
taking  the  values  of  p  at  the  temperatures  262.1^,  248.3^  and  208.6^  Afas. 
In  the  case  of  nitrous  oxide  the  values  of  p  at  182.5**,  i73-6*,  and  i52X* 
Abs.  were  taken.  Above  182.5^  Abs.  nitrous  oxide  is  liquid  and  beknr 
this  temperattu-e  it  is  solid.  In  this  case  only  the  solid  phase  was  considered 
in  calculating  pressures. 


Tabus  I. 

Saturated  Vapor  Pressures  of  Sulfur 

Dioxide  at  Low  Temperatures. 

Temperature. 
Average. 


0*C. 
Liquid 

— II. o 

—11.9 
— 130 

—14.7 
— 16.4 
— 20.3 
-24.8 

—30.4 

—37.8 

—42.3 

—48  3 

—57.5 

—64-5 
Solid 

—72.9 
•—76.0 
—81.3 

—87.4 
—^4.4 


Abs. 


Obt. 
Mm.  Hg. 


262.1 
261.2 
260:1 

258.4 
256.7 
252.8 

248.3 

242.7 

235.3 
230.8 

224.8 

215.6 

208.6 

200.2 

197. 1 
191. 8 

X85.7 
178.7 


760 
730 
700 

650 
600 
500 
400 
300 
200 

150 
100 

50 
30 


Calc 
Mm.  Hg. 


760 

735 
697 

647 
599 
499 
400 
292 
196 
149 
101 

52 
30 


Tabls  II. 

Saturated  Vapor  Pressures  of  Nitnns 

Oxide  at  Low  Tempeiatures. 

Temperature. 
•  Average. 


Obc 
Mm.  Hg. 


760 

730 
700 

666 
650 
600 
500 
400 
300 
200 
150 
100 
50 


Mm.Hg. 


666 
646 
600 

500 

399 

300 

200 

149 

97 

48 


16 
12 

7 
3 
0.5 


15 
II 

6.5 

3-4 
0.2 


Equation  of  curve  «  Log  P  *= 
-~i95i.46/T  +  1.75  log  T 
—  0.01277T  -f-  9.4408 

*  "Theoretical  Chemistry,"  19x1,  p.  719. 


— 121. 1  152.0  30 

— 127.0  146. I  15 

— 131. 3  141-8  7 

—138.9  134.2  4 

— 144.1  129.0  I 

Equation  of  curve  «  Log  P  * 
—  1096.72/T  +  1.75  loK  T 
+  0.0005T  -f  4.8665 


30 
14-3 
8.0 

4-2 

1.2 
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In  Figs.  I  and  2  are  shown  the  plot  of  the  tempo^ture,  o"  C.  and  "  Abs. 
gainst  the  pressure,  mm.  of  Kg,  and  the  logarithm  of  the  pressure  against 
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Fig.  I. — Plot  of  temperature  agalnat  pressure. 

he  reciprocal  of  the  absolute  temperature.    The  straight  lines  shown 
rere  drawn  by  obtaining  an  equation  from  the  average  of  all  the  results 


U)a.OPFRESSi;itE 
Pig.  3. — Plot  of  redprood  of  absolute  temperature  against  log.  of  pressure. 

omputed  by  the  method  of  least  squares  and  drawing  the  lines  according 
a  these  equations.    For  liquid  sulfur  dioxide  the  equation  is 

Log  P  •=  — 1448.01/T  +  8.425. 
for  solid  nitrous  oxide 

Lt^  P  =  — 1232.2/T  +  9.579. 
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The  average  heats  of  evaporation  over  the  temperature  range  stnfied 
(calories  per  gram-molecules)  were  calculated  from  the  Claustus-ClapcyTQn 
equation 

Q  =  (d  /n  p)RTydT. 

By  integrating  this  equation,  one  obtains 

/n  P  =  —  Q/RT  +  const 

The  values  1448.01  and  1232.2  represent  the  average  of  all  the  detenniiKd 
points  on  the  curve.  Using  these  values  in  the  Clausius-Clapeyron  equa- 
tion and  changing  from  common  to  nattural  logarithms,  one  finds  ta  tbe 
case  of  liquid  sulftu-  dioxide:  Q  =  1448.01  X  4.571  »  6619  calories;  for 
solid  nitrous  oxide:  Q  =  1232.2  X  4.571  =  5632  calories. 

Saturated  vapor  presstu'es  of  nitrous  oxide  below  the  normal  bofling  point 
have  not  been  determined  by  other  investigators.  For  the  normal  boQing 
point,  Faraday^  found  — ^87.2**,  Cailletet*  fotmd  — 92®,  and  Ramsay  and 
Shields'  found  — 89.8^.  The  agreement  is  not  good.  Our  value  is 
— 88.7^ 

Sattu'ated  vapor  pressures  for  sulfur  dioxide  have  been  determiiKd 
by  Regnault^  from  — 30°  to  65**,  and  by  Pictet*  from  — 30®  to  50*.  A 
comparison  of  their  work  with  that  of  the  authors  of  this  paper 
foUows: 

Tnmutta  (mm.  Hg .). 


iperaiinv. 

Refnuttlt. 

Pictet. 

Botnll  sad  KotaftMi 

— 10 

760 

760 

•     •     • 

— II 

•    •    • 

■  • « 

Tte 

—15 

608 

578 

640 

20 

479 

464 

508 

25 

372 

418 

398 

—30 

296 

a74 

306 

• 


Neither  Regnault's  nor  Pictet's  work,  when  plotted,  makes  a  amootk 
curve.    Some  of  the  points  are  from  i **  to  3®  oflf  the  curve. 

Summary* 
Saturated  vapor  pressures  of  sulf tu"  dioxide  and  nitrous  oxide  are  shoiO' 
For  sulfur  dioxide  the  vapor  pressures  range  from  760  mm.  at  -— ii^o 
to  0.5  mm.  at  — 94.4^.    For  nitrous  oxide  the  vapor  pressures  laqp 
from  760  mm.  at  — 88.7**  to  i  mm.  at  — 144. i**. 

FmtBusoH,  Pa. 

>  Phil.  Trans.,  135,  i,  155  (1845). 

*  Arch,  de  Gen.,  66,  16  (1878). 

*  /.  Chem.  Soc.,  63,  833  (1893). 

*  Mem.  de  I' Acad.,  a6,  535  (1862). 

*  Arch,  de  Genhe,  13,  212  (1885). 
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NOTE.  , 

An  Improved  Fonn  of  Gas-Washing  Bottle. — ^The  ordinary  forms  of  | 
the  gas-washing  bottle  have  the  following  disadvantages:  The  pressure^! 
on  the  gas  is  always  considerable  and  is  not  the  same  in  any  part  of 
the  apparatus.  It  not  only  varies  from  bottle  to  bottle  but  also  in  the 
individual  bubbles  as  they  rise  through  the  liquid.  The  length  of  time 
during  which  the  bubbles  of  gas  are  in  contact  with  the  liquid  does  not 
depend  upon  the  rate  of  flow  of  the  gas,  but  only  upon  the  height  of  the 
liquid  in  the  bottle,  thus  making  a  large  overhead  pressure  necessary 
to  secure  efficient  washing.     Finally,  the  Uquid  is  not  satisfactorily  stirred. 

The  various  forms  of  apparatus  proposed  to  overcome  some  or  all  of 
these  objections  are  usually  not  entirely  satisfactory,  and  inevitaUy 
complicated  in  structure  and  difficult  to  make.  The  form  proposed  is 
similar  in  principle  to  that  suggested  by  Gumming.^ 

In  its  simplest  form  the  apparatus  consists  of  an  ordinary  bottle,  or 
preferably  a  square  medicine  bottle,  fitted  up  as  a  common  wash-bottle, 
which  is  laid  on  its  side  and  has  a  small  side  tube  at  C  (as  shown  in  Pig. 
i).     The  gas  enters  the  wash-bottle  at  P  and  forms  bubbles  at  the  beqcji,^ 


Ftgi 


*  . 


G  in  the  tube  A.  The  tube  A  should  be  of  such  a  size  (approximaffely 
5  mm.,  inside  diameter)  that  the  bubbles  formed  sweep  the  liquid  through 
it  into  the  bottle,  thus  causing  efficient  circulation  of  the  liquid  throu^ 
C.     C  should  be  about  twice  the  diameter  of  the  tube  A. 

The  rate  of  flow  of  gas  in  the  tube  can  be  varied  within  considerate 
limits,  and  can  be  made  as  slow  as  desired.  The  character  of  the  washliig 
can  be  varied  by  slightly  tipping  the  tube  A,  or  varying  the  height  of  the 
liquid  in  the  bottle.  Because  of  the  slow  rate  at  which  the  bubbles  pass 
through  the  tube  A,  the  washing  is  very  efficient,  and  because  of  the  slight 
head  the  pressure  on  the  gas  can  be  kept  constant,  and  the  amount  of 
spray  formed  negligible.  ,  , 

These  advantages  make  the  bottle  described  satisfactory  not  only  for 
ordinary  gas  washing,  but  also  for  satiurating  a  gas  with  a  liquid  as.in , 
vapor-pressture  work.     In  case  the  cork  is  an  undesirable  feature  of  the 
^  Trans,  Faraday  Soc.,  6,  10  (1910). 
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bottle,  as  is  the  case  in  careful  vapor-pressure  work,  or  where  the  cod 
is  subject  to  attack  by  the  liquid  used,  the  form  of  the  apparatus  fflis- 
traited  in  Pig.  2  can  be  used. 


U   U    U    U    U    U 


The  nozzle  shown  at  B,  which  should  have  a  diameter  of  about  2  msL, 

rnkkes  the  bubbling  more  regular  and  the  circulation  more  certain,  thus 

making  the  latter  form  preferable  to  that  illustrated  in  Fig  i. 

F.  R.  V.  BiCHOWSKY  AND  H.  Storch. 
UNiVsKsmr  ov  Calivoemxa, 


ERRATA. 

On  p.  2258,  October  number,  line  7  from  bottom,  for  "p.  2238,"  read 
p.  2254. 

On  p.  2261,  October  number,  line  25  from  top,  for  "(p  2233)"  read 

"(p.  2249)." 

On  p.  2264,  October  number,  line  21  from  top,  for  "(p.  2244)"  rod 
"(p.  2260)." 
On  p.  2286,  October  number,  footnote  i,  for  "p.  2268,"  read  "p.  2284." 
On  p.  2287,  October  number,  footnote  i,  for  "p.  2274,"  read  "p«2*9^" 
On  p.  2288,  October  number,  footnote  2,  for  "p.  2273,"  read  "p.  2289." 
On  p.  2290,  October  number,  footnote  i,  for  *'p.  2270,"  read  "p.  2286" 
On  p.  2304,  October  number,  footnote  i,  for  "p.  2286,"  read  "p.  2302." 


CORRECTION. 

Some  of  the  values  given  for  atomic  volumes  on  page  1646  (37|  Jnlf* 
19 15)  were  taken,  in  the  preliminary  draft  of  the  table,  from  Ostwafcft 
"Lehrbuch  der  Allgemeinen  Chemie,"  Vol.  I,  p.  854  (1891).  It  has  bctt 
intended  to  substitute  later  more  accurate  values,  calculated  from  tte 
more  recently  found  densities  and  atomic  weights  of  the  elements  in  qot*" 
tion,  but  through  an  oversight  this  was  not  done  in  every  case.    The  cor- 
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rected  values  for  the  atomic  volumes,  which  should  take  the  place  of  the 
old  values  taken  from  Ostwald,  are  as  follows:  Magnesiumi  14.0;  silicon, 
1 1.7;  white  phosphorus,  17.0;  calcium,  26.2;  chromium,  7.4;  iron,  7.5; 
zinc,  9.2;  arsenic,  13.  i;  bromine,  25.7;  molybdenum,  9.4;  palladium,  8.7. 

Furthermore,  the  value  for  the  density  of  arsenic  should  be  given  as 
5.73,  and  the  true  density  of  aluminum  is  probably  nearer  to  2.7  than  2.6, 
although  the  latter  was  Mallet's  value. 

I  am  indebted  to  Professor  W.  D.  Harkins  and  Dr.  R.  £.  Hall  for  the 
discovery  of  some  of  these  errors. 

Fortunately,  none  of  the  changes  is  large  enough  to  effect  essentially 
the  curve  given  on  page  1649,  or  in  any  way  to  invaUdate  the  conclusions 
of  the  paper  in  question.  Indeed,  almost  every  one  of  these  changes 
rather  improves  the  agreement  of  the  observed  values  and  those  calciH 
lated  from  the  equation  on  page  1652.  Theodore  W.  Richards. 

Cambbibos,  Ma88.»  Not.  4,  1915. 
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BQUILIBRU  IN  THE  SYSTEMS  OF  THE  HIGHER  ALCOHOLS, 

WATER  AND  SALTS. 

Bt  G.  B.  Fkankfortbr  and  Stbbuno  Tbmfia 
Received  September  16,  1915. 

The  dehydration  of  alcohols  is  such  a  common  process  that  it  has  been 
studied  by  many  chemists.^  Foote  and  Sholes^  have  studied  the  general 
theory  of  the  drying  action  of  a  salt  on  a  liquid  and  the  importance  of 
the  amount  of  water  which  can  be  taken  up  by  the  salt.  Frankforter 
and  Frary^  discovered  the  efficiency  of  KF  as  a  salting-out  agent  for  ethyl 
alcohol,  worked  out  a  means  of  testing  the  strength  of  alcoholic  liquors 
by  means  of  the  action  of  KF  and  investigated  the  equilibria  of  the  fol- 
lowing systems:  Potassium  fluoride-water-ethyl  alcohol;  potassium 
fluoride-water-normal  propyl  alcohol;  potassium  carbonate-water-methyl 
alcohol;  potassium  carbonate-water-ethyl  alcohol;  potassium  carbonate- 
water-normal  propyl  alcohol  and  sodium  chloride-water-normal  propyl 
alcohol.  It  was  thought  advisable  to  continue  the  work  of  Frankforter 
and  Frary  with  some  of  the  other  alcohols  and  with  some  other  salts. 

*  Soubeiran,  Ann.,  30,  356  (1839);  Mendel^ef,  Z.  Chem,,  1865,  260;  Erlemneyer, 
Ann.,  160,  249  (1871);  Smith,  Chem.  News,  30,  235  (1874);  Lescoeiir,  Bull.  soc.  chim^ 
[3]  17,  18  (1897);  Yvon,  Campt.  rend.,  125,  1181  (1897);  Ostermeyer,  Pharm.  ZeU., 

43f  99  ( );  ^-  owfl^-  Chem.,  39,  46  (1900);  Vitali,  Ball.  chim.  farm.,  37,  257  ( )\ 

Z.  anal.  Chem.,  sg,  46  (1900);  Bull.  Chem.  Zeit.,  24,  814,  845  (1900);  Young,  /.  Chem. 
Soc.,  81,  707  (1902);  Evans  and  Petsch,  This  Journal,  26,  1158  (1904);  Winkler, 
Ber.,  38,  3612  (1905);  Kailan,  Monatsh.,  28,  927  (1907);  Frankforter  and  Frary,  J. 
Phys.  Chem.,  17,  402-473  (1913). 

«  This  Journal,  33,  1309  (19")- 

'  /.  Phys.  Chem.,  17,  402-473  (1913). 
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'.!lt  has  been  shown,^  the  salting  out  of  an  alcc^ol  belongs  to  the  dassot 
oquilibria  in  ternary  mixtures  where  two  liquid  phases  are  possible.    Each 
Qpqiponent,  mixed  with  either  of  the  others,  gives  a  system  of  only  ok 
Uqldd  phase,  tiiat  of  a  solution  of  one  in  the  other.     Only  when  all  time 
a>mponents  are  present  can  two  liquid  phases  exist.     In  representiag 
such  systems,  use  is  generally  made  of  the  system  of  codrdinates  founded 
on  the  equilateral  triangle,  either  with  unit  altitude  or  with  the  side  oi 
ttCiit  length.'    In  the  first  case,  use  is  made  of  the  fact  that  the  sum  d 
the  lengths  of  the  three  perpendiculars  drawn  from  a  point  within  the  tri- 
ijligle  to  the  t&'ee  sides  is  equal  to  the  altitude.     The  three  compoooits 
>af  the  system  are  represented  by  the  three  vertices,  A,  B  and  C;  the 
<ak(es  Opposite  these  vertices  are  lettered  a,  b  and  c.    Any  point  0  witfaio 
%he  triangle  represents  a  mixture  of  A,  B  and  C  in  the  proportions  of  and 
numerically  equal  to  the  lines  Oa,  Oi>  and  Oc,  these  lines  being  drawn 
perpendicular  to  the  sides.     In  the  second  case,  where  the  length  of  a 
side  is  taken  as  unity,  the  case  is  the  same  except  that  the  lines  dravn 
to  the  sides  me^t' those  sides  at  an  angle  of  120^.    That  is,  they  are  drawn 
to  any  side  in  a  direction  parallel  to  either  of  the  other  two  sides. 
'^'  Borne  tise  has  also  been  made  of  a  right-angle  isosceles  triangle  in  repre- 
senting equilibria  in  ternary  mixtures,'  but  this  is  not  at  all  general.   In 
this  paper  the  triangle  with  sides  of  imit  length  will  be  employed  except 
where  rectangular  codrdinates  are  used. 

!  Schreinemakers^  and  others  have  discussed  the  general  theory  of  sodi 
svstems  and  the  application  to  them  of  the  codrdinates  based  on  the 
equilateral  triangle. 

Fig.  I  is  a  general  form  of  the  diagram  for  a  ternary  system  of  this 
dass.     The  three  vertices  represent  the  three  pure  compounds  invoh?ed; 

ji  (^^^  any  point  within  the  triangle  rep- 

resents a  mixttu'e  of  all  three, 
while  any  point  on  a  side  lepn- 
sents  a  mixture  of  the  two  oxt 
ponents  represented  by  the  ver- 
tices including  that  side.  In  Vi^ 
I  H  represents  the  compositioflrf 
a  solid  hydrate  of  the  salt  A,  D 
represents  the  composition  of  tfcc 

i"^^  ^^ : '-^ ^^^^;  saturated  solution  of  the  salt  ia 

^^-  pure  water,  whileGrepiesentstk 

^  Schreinemakers,  Z.  phys.  Chem.,  22,  93,  5x5  (1897);  23,  649  (1897);  FrtakfaW 
knd  I^rary,  Loc.  cU. 

*  G.  G.  Stokes,  Proc.  Roy.  Soc,  49,  174  (1891);  Gibbs,  Trans,  Omn,  Acad.,  i9(^ 
3176;  Roozeboom,  Z.  physik.  Chem.,  15,  147  (1894). 

*  Roozeboom,  Ibid.,  12,  369  (1893). 

*  Schreinemakers,  Loc.  dt.;  Prankforter  and  Prary,  Loc.  cU. 
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composition  of  the  saturated  solution  of  the  salt  in  ptire  alcohol.  The  line 
D  £  P  P  Q  G  is  the  locus  of  all  homogeneous  mixtures  which  would 
be  separated  into  two  phases  by  the  addition  of  an  infinitesimal  quantity 
of  the  salt. 

This  line  D  E  P  F  Q  G,  which  is  the  boundary  between  the  homo- 
geneous and  heterogeneous  systems,  may  be  fairly  regular  throughout 
its  length,  but  there  are  three  portions  which  call  for  separate  considera- 
tion. The  point  E  represents  the  solution  which  is  obtained  by  adding 
alcohol  to  a  saturated  solution  of  the  salt  in  water  until  no  more  alcohol 
is  taken  up.  This  absorption  of  alcohol  by  a  solution  of  a  salt  in  water  is 
usually  accompanied  by  a  precipitation  of  some  of  the  dissolved  salt.  In 
case  the  salt  forms  a  hydrate  at  the  temperature  used,  the  point  E  repre- 
,  sents  the  lower  layer  of  a  system  of  two  liquid  phases  which  is  in  equi- 
librium with  the  solid  hydrate.  The  portion  D  E  of  the  Ime  D  E  P  P  Q  G 
is  thus,  the  locus  of  all  solutions  which  are  sattu-ated  with  respect  to  the 
salt,  which  contain  alcohol  in  amounts  varying  from  none  to  the  amount 
in  the  solution  at  E  and  which  are  in  equilibrium  with  the  solid  hydrate. 

The  point  F  represents  the  upper  layer,  i,  e.,  the  alcoholic  solution  of 
salt  and  water  which  is  in  equilibrium  both  with  the  solution  at  E  and 
with  the  solid  hydrate  if  one  exists,  otherwise  with  the  anhydrous  salt. 
Whenever  we  have  the  condition  of  two  liquid  phases,  the  lower  layer 
has  a  composition  represented  by  x,  and  the  upper  layer  that  represented 
by  y.  With  increasing  salt  content  x  approaches  the  point  E,  while  y 
approaches  F.  With  decreasing  salt  content  x  and  y  approach  the  lim- 
iting position  P  and  with  less  than  this  amount  of  salt  the  solution  be- 
comes homogeneous.  The  line  E  P  F  is  the  locus  of  all  values  of  x  and 
y  and  is  called  the  binodal  curve,  the  point  P  is  called  the  plait  point  and 
the  straight  lines  connecting  x  and  y  are  called  tie  lines.  The  tie  lines 
may  be  parallel  but  are  not  so  necessarily. 

The  line  F  Q  G  is  the  boundary  between,  homogeneous  solutions  with 
alcoholic  content  higher  than  F  and  heterogeneous  mixttu'es  of  such  solu- 
tions with  either  the  hydrate  or  the  anhydrous  salt.  The  point  Q  is  the 
limiting  value  of  four  areas  and  by  an  infinitesimal  change  in  composi- 
tion may  become  any  one  of  the  following:  a  homogeneous  system  below 
FQG,  a  mixture  of  the  anhydrous  salt  with  the  solution  QG,  a  mix- 
ture of  the  solid  hydrate  and  the  solution  F  Q  or  a  mixture  of  solution 
Q  with  both  the  anhydrate  and  the  anhydrous  salt. 

The  area  CDEPFQGB  is  the  locus  of  all  homogeneous  systems. 
The  remaining  areas  are  all  heterogeneous  and  contain  either  a  solid  phase 
or  two  Uquid  phases.  Area  H  D  E  is  a  mixture  of  the  solid  hydrate  in 
equilibrium  with  a  solution  represented  by  some  portion  of  D  E.  Area 
E  P  F  consists  of  two  liquid  phases  only.  Area  H  F  Q  contains  the 
solid  hydrate  in  equilibritun  with  the  solution  F  Q.    Area  H  E  F  contains 
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the  solid  hydrate  in  equilibrium  with  two  liquid  phases.  Area  AQG 
represents  a  mixture  of  the  anhydrous  salt  with  a  solution  representfll 
by  some  point  on  Q  G,  while  the  area  A  H  Q  represents  all  of  the  so&l 
hydrate  and  the  anhydrous  salt  which  are  in  equilibrium  with  the  alco- 
holic solution  of  the  salt. 

In  case  the  salt  does  not  form  a  hydrate,  or  in  case  the  hydrate  doe 
not  exist  at  the  temperatiwe  involved,  the  point  H  may  be  coosidiend 

A  (ja/f)  as  having  moved  akng  C  k 

until  it  coincides  with  A,  vUe 
Q  moves  to  the  left  and  be- 
comes identical  with  P.  Uns 
the  three  lines,  H P,  HQ anl 
A  Q  become  the  angle  line  AF, 
areas  HPQ  and  AHQdis^ 
appear  entirely,  and  we  have 
the  diagram  shown  in  Pig.  2. 

(v^/¥r)  ci- ^3  (a^/foo  Area    E  P  F    is   unchai^^ 

^  *  A  P  G  in  2  is  represented  by 

A  Q  G  in  I.  Area  A  D  E  is  a  mixture  of  the  anhydrous  salt  with  a  sohi- 
tion  on  D  E  and  area  A  E  P  is  the  anhydrous  salt  in  equilibrium  witk 
two  liquid  phases. 

Por  most  purposes  the  chief  interest  is  in  simply  locating  the  hae 
DEPFQG  and  especially  the  portion  EPP.  As  the  interpretatkn 
of  a  curve  is  more  automatic  in  the  case  of  rectangular  coordinates*  it  is 
advisable  to  put  some  of  the  value  in  the  form  for  comparison.  In  gear 
era],  when  it  is  desired  to  represent  the  composition  of  a  thnee-compooeBt 
system  in  terms  of  rectangular  coordinates,  the  values  used  are  the  ratioi 
of  the  two  most  similar  components  to  the  third  component.  Thos 
in  the  case  of  two  soluble  salts  and  water,  the  two  sets  of  values  obtained 
by  dividing  the  weights  of  the  salts  by  the  weight  of  the  water  present 
might  be  used.  This  method,  however,  does  not  well  represent  the  re- 
lations existing  between  three  such  components  as  a  salt,  water  and  fli 
alcohol.  If  only  two  of  the  three  components  are  represented,  the  tUid 
can  always  be  found  by  difference  and  some  important  inferences  wsKf 
at  once  be  apparent,  no  matter  which  pair  of  components  is  used. 

To  illustrate  the  foregoing,  the  values  obtained  by  Prankforter  and 
Prary  in  their  study  of  the  system,  potassium  fluoride-water-eth^i  aksh 
hol  may  be  used  in  the  following  ways;  If  we  plot  the  percentage  rf 
water  against  the  percentage  of  alcohol,  we  obtain  Fig.  3,  which  short 
dearly  that  as  the  alcoholic  content  varies,  the  percentage  of  water,  wfaiA 
is  possible  in  a  heterogeneous  mixtiu'e  of  these  two  with  the  salt,  reaches 
a  maximum  at  about  8%  alcohol  and  becomes  less  with  any  chai^ge  in 
the  alcoholic  content.     If  we  plot  the  percentage  of  K  P  against  the  per- 
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centage  of  wateri  we  obtain  Fig.  4,  which  tells  us  that  the  heterogeneous 

mixture  of  the  three  components  which  contains  the  maximum  amount 

of  water  contains  neither  more  nor  less  than  about  22%  K  F.     If  we 

plot  the  percentage  of   K  F 

against  the  percentage  of  alco-        7^ 

hoi  we  obtain  Fig.  5,  which 

shows  that  the  KF  and  the    ^ 

alcohol   are   able   to   replace   ^  ^^ 

each  other  to  some  extent  in    ^^a 

the  solution  and  that  the  in-    ^  ,^ 

fluence  of  the  K  F  in  produc-    v. 

ing  saturation  in  a  homogene-    $ 

ous   system   is    greater   than        ^^ 

that]^of  the  alcohol  for  equal 


6<7 


o 

% 


% 

o 

o 

lom  bP 


.   ,  /o     20  ja    40    SO    60     70    so    90    /oa 

weights.  /if/-  ceA7/^  //,0 

For  analytical  purposes,  the  ^^y-  ^ 

best  method  of  representing  the  binodal  curve  in  ternary  systems  of  this 
dass  seems  to  be  that  chosen  by  Frankforter  and  Frary,  which  consists 
in  plotting  all  alcohol  water  mixtures  on  the  vertical  axis  and  the  number 
of  grams  salt  per  hundred  grams  solvent  on  the  horizontal  axis.    In  this 

method  the  first  set  of  values  are 
obtained  by  dividing  the  weight 
of    alcohol    by    the    combined 
{I  I-  weight  of  the  alcohol  and  water 

jL  ^m^  and  the  second  set  are  obtained 

n4  •  •  by  dividing  the  weight  of  salt 

ikUit}»UioUUi**     ^y  ^^  combined  weight  of  water 


V 


/r-  Y^  ^^d  alcohol.   Thus  the  solubility 

of  the   salt  in   alcohol   of  all 
strengths  is  shown  at  a  glance 
and  when  the  solubility  of  the 
\*  \  salt  in  any  alcohol  water  mix- 


: 


ture  is  known,  the  strength  of 

the  alcohol  is  read  off  at  once 

•  •  ,,  from  the  curve.     Fig.  6  shows 

•     .     ^  this  system  of  plotting,   using 

k    h    M    U    €9    70  *U**U   W     the  same  values  as  those  used 


Experimental  Methods. 

An  Erlenmeyer  flask  with  a  tightiy  fitting  ground  glass  stopper  and  a 
side  tube  carrying  a  short  thermometer,  so  placed  that  the  bulb  of  the 
thermometer  was  just  above  the  center  of  the  bottom  of  the  flask,  was 
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used  throughout  the  work.  The  flask  was  cleaned,  dried  and  weigbed. 
The  salt  to  be  used  was  transferred  directly  from  the  desiccator  to  this 
flask,  using  a  wide  funnel  to  prevent  any  of  the  salt  from  adhering  to  tbe 

neck  or  sides  (A  the 


/ffOr* 


nr    Jff    jf^  J0JV-    4^    4s 


flask.  The  flask  was 
again  weighed,  the 
weight  of  the  salt  be- 
ing obtained  by  dif- 
ference. Water  was 
then  added  from  a 
buret  in  amount  snf- 
fident  to  just  dissolve 
the  salt  and  the  flask 
and  contents  were 
weighed.  Alcohol  in 
sufficient  quantity  to 
cause  a  separation  into 
two  layers  was  then 
added  and  another 
weighing  made.  Water  was  now  added  one  drop  at  a  time  until  tbe 
mixture  just  became  homogeneous.  After  this  was  weighed  all  the  data 
for  the  calculation  of  the  first  point  on  the  binodal  curve  had  been  ob- 
tained. 

Successive  points  on  the  ctuve  were  obtained  by  adding  to  this  sobh 
tion,  first  enough  alcohol  to  cause  the  appearance  of  two  layers  or  of  a 
distinct  turbidity  after  shaking  and  then  just  enough  water  to  again 
dear  the  solution.  The  flask  was  kept  stoppered,  except  for  the  moment 
when  one  of  the  components  was  being  added,  and  as  ndther  the  akohol 
nor  the  water  were  allowed  to  come  in  contact  with  the  neck  or  upper 
portion  of  the  inside  of  the  flask,  the  loss  from  evaporation  was  vcnr 
small. 

As  the  end  point  was  always  obtained  by  adding  water  from  a  buret, 
it  is  probable  that  the  acctu'acy  in  individual  tests  was  frequently  mt 
greater  than  loo  mg.  However,  these  errors,  instead  of  being  cumda- 
tive,  tended  to  neutralize  each  other,  since  after  every  addition  the  tnc 
amotmt  of  water  present  was  determined  by  wdghing  the  flask  and  its 
contents. 

All  weighings  were  made  on  a  large  Troemner  balance,  which  was  eas3]r 
sensitive  to  0.2  mg.  under  a  load  of  200  g.,  but  most  of  the  weigbiiip 
were  made  to  milligrams  only.  The  room  in  which  the  work  was  dooe 
was  easily  kept  within  o.  5 ^  of  20^  during  the  progress  of  all  the  measme- 
ments.  The  temperature  of  the  solution  itself  at  the  time  of  the  disap- 
pearance of  the  two  layers  was  never  allowed  to  differ  by  more  than  o.i* 
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from  20^.  As  the  heat  of  dilution  of  the  concentrated  solutions  always 
tended  to  produce  a  rise  in  temperature  on  the  addition  of  water,  only 
a  little  water  was  added  at  a  time,  preventing  even  a  temporary  rise  of 
more  than  2.0**,  and  the  mixture  was  always  cooled  to  20.0®  before  the 
final  addition  of  water  for  clearing  the  solution,  by  gentle  shaking  in  an 
adjoining  room  where  the  temperature  was  kept  at  about  18°. 

As  losses  by  evaporation  would  cause  cumulative  errors  in  case  the  sol- 
vent did  not  vaporize  in  the  proportions  present,  several  series  of  deter- 
minations were  made  starting  with  different  points  along  the  binodal 
curve.  For  example,  the  first  series  might  be  made  by  starting  with  a 
saturated  solution  of  the  salt  in  water  as  has  been  described.  The  first 
points  in  this  series  would  be  taken  fairly  close  together,  but  the  later 
ones  farther  apart  by  making  successive  addition  of  water  and  alcohol 
larger  in  proportion  to  the  total  weight  of  the  contents  of  the  flask  as  the 
solution  became  more  dilute.  The  second  series  might  be  begun  by  mak- 
ing a  solution  containing  only  60%  of  the  amount  of  salt  required  for  a 
saturated  solution  and  a  third  series  might  start  with  40%  of  the  amount 
of  salt  needed  for  saturation.  This  not  only  tended  to  eliminate  the  cumu- 
lative effect  of  evaporation  on  the  middle  and  right  end  of  the  binodal 
curve,  but  also  did  away  with  the  objection  that  the  decreased  sensibility 
of  all  the  meastuements  made  as  the  solution  became  more  dilute  and  larger 
in  amount,  rendered  the  determinations  less  accurate. 

In  those  experiments  where  potassium  fluoride  and  sodium  chloride 
were  used,  spirit  blue  was  chosen  as  an  indicator,  barely  enough  being 
added  to  give  a  clear  color  to  the  alcoholic  layer.  With  potassium  and 
sodium  carbonates  phenolphthalein  was  used,  since  these  salts  destroy 
the  color  of  the  spirit  blue. 

With  increasing  percentage  of  alcohol  the  consequent  decrease  in  con- 
centration of  salt  caused  a  continually  decreasing  difference  in  density 
of  the  two  liquid  layers.  With  solutions  containing  more  than  60%  of 
alcohol  the  separation  into  two  distinct  layers  often  required  20  minutes 
or  more.  However,  the  end  point  was  more  easily  determined  in  these 
solutions  by  noting  the  time  when  the  solution  just  ceased  to  be  turbid 
after  shaking.  In  the  case  of  some  of  the  mixtiu-es  obtained,  a  single 
drop  of  water  would  clear  a  solution  which  was  so  turbid  that  the  outline 
of  the  thermometer  bulb  in  the  solution  was  only  faintly  seen. 

In  handling  the  flask,  the  hands  were  never  allowed  to  come  in  contact 
with  the  sides  or  bottom  of  the  flask.  The  flask  was  lifted  by  the  flange 
at  the  top  of  the  neck  and  when  not  in  the  balance  was  always  placed  on 
a  sheet  of  filter  paper. 

The  Purification  of  Propyl  Alcohol. — ^The  alcohol  used  in  the  following 
experiments  came  from  C.  F.  A.  Kahlbaimi's  factory  of  Berlin.  It  was 
obtained  especially  for  the  work  tabulated  below  and  represents  Kahl- 
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baum's  highest  purity.    Test  indicated,  however,  that  it  was  not  pmt 
Its  boiling  point  was  not  constant  and  its  specific  gravity  did  not  agree 
with  results  obtained  by  others,  who  had  studied  it.     On  examining  the 
literatiu-e,  a  fairly  wide  range  of  variation  in  the  physical  constants  vas 
found.    The  variation  was  due,  without  doubt,  to  the  extreme  diflSculty 
in  obtaining  the  alcohol  in  perfectly  pure  form  as  was  indicated  in  the 
final  purification  of  the  samples  in  hand.    The  sample,  just  as  it  came  from 
the  factory,  began  to  boil  at  94.5*^  under  750  mm.  pressure,  gradually 
increasing  to  97  ®  as  the  process  continued.    The  specific  gravity  changed 
but  little,  increasing  from  o.  7954  to  0.8015.    That  there  was  water  pres- 
ent as  one  of  the  impurities  there  can  be  but  little  doubt;  that  there iras 
some  little  ethyl  or  possibly  isopropyl  alcohol  present  seems  also  quite 
likely.    Work  was  therefore  begun  for  the  ptupose  of  removing  the  abovT- 
mentioned  impurities  and  any  others  which  perchance  might  be  present 
The  first  attempt  to  purify  the  alcohol  was  made  by  treatment  with 
the  dehydrating  substance,  potassium  fluoride.     While  the  process*  en- 
dently  removed  some  of  the  impurities,  as  water,  the  sample  was  by  no 
means  piu'e,  after  such  treatment.     After  this  it  was  boiled  for  some 
hours  with  powdered  quickhme  under  a  reflux  condenser,  and  again  n^ 
distilled.    This  treatment  again  removed  some  of  the  impurities,  as  indi- 
cated by  the  more  constant  boiling  point.     It  began  to  boil  at  96^  and 
gradually  increased  to  97 . 2  at  754  mm.     Anhydrous  copper  sulfate  was 
next  tried,  but  without  changing  either  the  boiling  point  or  the  spea&c 
gravity.     Magnesium  amalgam  was  then  tried.    After  standing  24  hours 
in  contact  with  the  amalgam,  the  alcohol  was  decanted  off  and  again 
redistilled.     Both  the  boiling  point  and  the  specific  gravity  approached 
a  constant  value,  although  not  entirely  so.    The  sample  was  finally  boiled 
for  several  hours  with  sodium  amalgam,  again  decanted  off  and  redistilled 
over  quicklime.    The  boiling  point  was  practically  constant  at  97. 5* 
and  753  mm.  pressure.     As  ftuther  treatment  failed  to  change  the  boil- 
ing point,  the  alcohol  was  regarded  as  pure.     No  attempts  were  made  to 
determine  the  nature  of  the  impurities  present.    There  seems  to  havt 
been  an  appreciable  quantity  of  water  and  possibly,  as  already  stated, 
ethyl  alcohol. 
The  physical  constants  were  then  taken  with  the  following  results: 

B.  p.  97.3-5°  at  752  mm. 

Sp.  gr.  (20^*)  mean  of  three  determinations  0.8032. 
The  refractive  index  was  taken  with  the  latest  type  of  Pulfrich  refractoiiieter  at  »* 
using  the  hydrogen  spectrum  tube  as  the  source  of  light.     Three  different  sets  of  rtaA- 
ings  gave  the  following  average  values:     Ha  1.39023,  H/8  i. 37651,  H7  1.36786. 

Landoldt  and  Vkwakfortcr  tad 

Brflhl.  Jahn.  Zander.  Tenpla^ 

Sp.gr 0.8044(20**)       0.8074(19*)       0.8069(17**)       0.8032  (2o') 

B.  p 97.2  970  97.4  97-3-5 

*  This  Journal,  36,  1103. 
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The  purified  alcohol  was  kept  in  a  double  stoppered  bottle  until  it  was 
to  be  used.  All  the  experiments  tabulated  below  were  made  with  this 
purified  alcohol. 

Purification  of  Isopropyl  Alcohol. — ^The  alcohol  used  in  the  following 
experiments  came  from  Kahlbatun's  factory  of  Berlin.  It  was  bought 
for  pure  alcohol,  although,  as  in  the  case  of  propyl  alcohol,  this  sample 
was  by  no  means  ptu^.  It  evidently  contained,  as  was  the  case  with 
propyl  alcohol,  some  water,  and  the  careful  observation  of  the  boiling 
point  indicated  that  there  was  some  ethyl  alcohol  present. 

The  purification  was  carried  out  as  in  the  case  of  propyl  alcohol.  The 
original  sample  began  to  boil  at  79 . 5  **,  after  which  the  boiling  point  slowly 
rose  to  82°,  over  half  passed  over,  however,  below  82^.  Repeated  dis- 
tillation failed  to  yield  more  than  40%  of  the  original  sample  with  a 
boiling  point  of  82°. 

The  first  purification  was  made  by  potassium  fiuoride.  The  fluoride 
raised  the  boiling  point  but  it  was  nevertheless  not  constant.  The  sam- 
ple was  next  boiled  under  a  reflux  condenser  for  several  hours  with  pow- 
dered quicklime  and  again  redistilled.  The  boiling  point  again  indica- 
ted further  purification.  Finally,  the  partially  purified  sample  was  treated 
with  sodium  amalgam,  the  alcohol  decanted  off,  dried  thoroughly,  again 
treated  with  powdered  quicklime  and  redistilled.  The  boiling  point 
rose  to  82  **  and  remained  practically  constant,  rising  less  than  one  degree 
during  distillation.  The  sample  thus  treated  was  used  in  the  experiments 
given  below. 

The  physical  constants  were  then  taken  and  compared  with  those  ob- 
tained by  others.  The  following  tabulation  gives  the  constants  as  com- 
pared with  those  given  by  others: 

Brfihl.  Zander.  P.  and  T. 

Sp.gr 0.7887  (20*)  0.7861  (17**)  0.7881  (20*) 

B.  P 82.3  82.3  82.5 

Refractive  index  (20®).     Ha  1.37960,  H/8  1.36550,  H7  1.35584. 

System:  Normal  Propyl  Alcohol-Sodium  Carbonate-Water. — ^This 

was  the  only  system  containing  propyl  alcohol  which  was  studied  as  the 
^stems:  propyl  alcohol-potassium  fluoride-water,  propyl  alcohol-potas- 
sium carbonate-water,  propyl  alcohol-sodium  chloride-water  had  been 
thoroughly  investigated  by  Frankforter  and  Frary.  For  purposes  of 
comparison,  data  were  sought  on  the  behavior  of  a  single  salt  with  four 
different  alcohols  and  also  on  the  behavior  of  single  alcohols  with  four 
different  salts.  To  make  certain  that  the  values  obtained  were  strictlv 
comparable  with  those  obtained  by  Frankforter  and  Frary,  preliminary 
sets  of  readings  were  made  with  propyl  alcohol,  using  potassium  fluoride 
and  potassium  carbonate  as  the  dehydrating  salts.     All  of  these  results 
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checked  well  and  could  be  plotted  in  on  the  same  curves  as  those  obtatncd 
by  them. 

The  system:  normal  propyl  alcohol-sodium  carbonate-water  has  a 
long  binodal  cvrve  and  is  an  easy  one  to  measure,  as  the  separatioQ  into 
two  layers  takes  place  easily  and  quickly  and  the  end  point  with  phend- 
phthalein  was  easily  determined  even  in  mixtures  where  the  solvent 
consisted  of  60%  or  more  of  alcohol.  Eight  sets  of  measurements  wot 
made  on  this  system  and  three  individual  measiu^ments  in  addition. 
These  determinations  extended  over  about  a  week  and  the  extent  of  the 
agreement  between  successive  series,  as  shown  by  the  curve  in  Fig.  7, 
indicates  that  the  method  used  was  at  least  free  from  any  large  variable 
error.  All  measurements  were  made  as  described  under  Experimental 
Methods  and  the  results  are  shown  in  Table  I,  Table  II,  and  Pig.  7. 

Tablb  I. 
System:  Nonnal  Propyl  Alcohol-^dium  Carbonate-Water  at  20.0*, 


Solvent 

Mldcd. 
AlcohoL 

Total  weight  present. 

Total 
oontenta. 

Total 
•olveBt. 

Water. 

NasCOi. 

Water. 

Alcohol. 

12.310 

1.771 

0.891 

12.310 

1. 771 

14.972 

14.081 

4.102 

1.482 

0.891 

16.412 

3.253 

20.556 

19.665 

5.135 

3.133 

0.891 

21.547 

6.386 

28.824 

27.933 

II. 714 

7.555 

0.284 

11.714 

7.555 

19.553 

19.269 

2.394 

3.527 

0.284 

14.103 

11.082 

25.474 

25  190 

6.818 

11 .181 

0.284 

20.926 

23.263 

44.473 

44.189 

14.794 

0.756 

2.354 

14-794 

0.756 

17.904 

15.550 

15.413 

0.756 

2.461 

15.413 

0.756 

18.630 

16.169 

Tablb  II. 
System :  Normal  Propyl  Alcohol-^Soditmi  Carbonate-Water. 

Grams  per  100  g.  solvent. 


NaaCOi. 

Water. 

AlcohoL 

NatCOi. 

Water. 

AJoohd. 

6.328 

87.423 

12.577 

2.863 

78.020 

21.980 

4.531 

83.458 

16.542 

2.320 

72.580 

27.420 

3.190 

77 . 138 

22.862 

1.990 

68.463 

31.537 

1.474 

60.972 

39.208 

1.650 

63.519 

36.481 

1.127 

56.006 

43.994 

1.338 

59.204 

40.796 

0.643 

47 . 356 

52.644 

1.084 

55.438 

44.562 

15.138 

95 . 138 

4.862 

1.119 

57 .  292 

42.708 

15.220 

95.324 

4.676 

0.930 

33.067 

46.933 

11.540 

93.458 

6.542 

0.733 

49.449 

50.551 

8.415 

90.824 

9.176 

0.567 

46.125 

53.875 

6.669 

88.779 

11.221 

0.394 

42.413 

57.587 

5.123 

86.396 

13.604 

0.298 

40.493 

59  507 

4.138 

84.215 

15  785 

0.243 

38.913 

61.087 

3.609 

82.823 

17.177 

0.160 

36.432 

63.568 

2.878 

78.901 

21 .099 

0.109 

24.841 

75.159 

15.363 

95.528 

4.472 

11.696 

93.405 

6.595 

16.568 

96.591 

3.409 
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System:   Isopropyl  Alcohol-Potassium  Flnoride-Water.—Two  seriee 
of  measurements  of  this  system  were  made,  one  starting  with  23.474% 
salt  and  running  to  15.119%,  the  other  between  34.134  and  11.020% 
by  weight  of  K  F.     As 
it  was  quite  difficult  to 
get  good  end  points  in 
the  titration  of  solu- 
tions of  isopropyl  al- 
cohol containing  over 
20^   of   the   alcohol, 
t.f.,withlessthanio% 
of  K  F,  five  separate 

determinations  were  „ 

made  by  adding  to  a  , 

solution  of   KF  and 
water  just  enough  of   ^ . 
the  alcohol   to  cause 

the     separation     into  '^'  '  1 

two  layers,  weighing  each  uf  the  components  as  it  was  introduced.     The 
temperature  was  carefully  controlled  and  kept  within  ^o.s"  of  20.0"; 

It  was  expected  that  the  results  for  isopropyl  alcohol  would  somewhat, 
resemble*those  obtained  by  Frankforter  and  Frary  with  normal  propyl 
**"  alcohol,    using   the 

same  salt.  However, 
on  plotting  the  valuer, 
obtained,  the  differ-, 
ences  were  50  greats 
that  it  was  thouglvt. 
possible  that  differ- 
ence in  the  conditions 
or  in  the  condition  of 
the  salt  were  responsi- 
ble and  a  portion  of 
their  work  was  re- 
peated. As  the  results 
all  checked  with  those 
^^■&  of  the  earlier  work  it 

was  plain  that  the  difference  was  due  to  difference  in  the  alcohols  alone, 
and  later  work,  as  will  be  shown,  corroborates  this  view. 

The  percentage  of  alcohol  present  in  the  solvent  ranges  from  i .  555  to 
82.750  and  the  agreement  between  the  successive  values  was  especially 
good.  The  measurements  and  calculated  results  are  shown  in  Table 
in  and  are  plotted  in  Fig,  8. 
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Tablb  III. 

System:  Isopropyl  Alcohol-Potassium  Pluoiide-Water. 

Grams  per  loo  g,  solvent. 

EF.  Witer.  Akohol.  EF.  Watet. 

ig.oSi 
17   330 

51 -937 

34  54S 


1.38s 


78 


56a 


'  4J8 


Isopropyl  Alcohol-Potassttim  Carbonate-Wster.— A  fn 
neasuremeDts  were  made  Id  the  systems  isopropyl  alcohol-NaCl-water  md 
isopropyl  alcohol-sodium  carbocate-water,  but  as  the  addition  of  aloM 
caused  a  separation  of  the  solid  salt,  instead  of  a  separation  into  two  lay- 
ers, over  quite  a  wide  range  and  as  end  points  were  very  slow,  comptete 
curves  have  not  as  yet  been  worked  out. 

In  the  system  isopropyl  alcohol-potassium  carbonate-water,  four  serin 
<rf  measurements  were  made,  the  alcohol  varying  from  2.009  to  55  650% 
of  the  mixture  and  the  salt  content  from  2 .  869  to  30 .  979%.  The  mu- 
imum  amount  of  water  was  found  when  the  solution  contained  aboat 
19%  of  salt  and  7%  of  alcohol. 

In  this  system,  as  in  that  of  isopropyl  alcohol-potassium  fluonfe- 
water,  the  values  were  found  to  differ  greatly  from  those  obtained  witk 
normal  propyl  alcohol  and  the  differences  found  were  entirely  similir 
in  the  two  cases.  When  plotted  in  rectangular  codrdinates  the  cum 
for  this  system  more  nearly  approached  a  straight  line  than  in  any  odio 
system  of  alcohols  and  water  in  which  potassium  carbonate  was  usei 

That  is,  the  isoprc^ 
alcohol  a^dthep<«a^ 
sium  carbonate  were 
able  to  replace  eadi 
other  in  solutions  jus 
in  equilibrium  io  al- 
most constant  p* 
portions  througboot 
The  measurements 
for  this  sj-stem  »" 
shown  in  Table  H". 
and  the  peraniage 
of  the  three  con^o- 
nents  present  ^ 
plotted  in  Fig.  9. 
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Tabi^  IV. 

System:  Isopropyl  Alcobol-Potassium  CarboDate-Watei. 

Grams  per  loo  g.  solvent. 


K.CO.. 

Wktei. 

Ale 

ohol. 

KiCOt 

Water. 

Ak 

13   963 

77.633 

«.367 

17.66s 

85.603 

'4 

13-560 

76.901 

33 

099 

IS 

Oil 

80,535 

19 

13.144 

76.081 

»3 

919 

3 

933 

46-733 

53 

44844 

97.089 

3 

911 

3 

726 

46.188 

S3 

36.137 

95-317 

4 

783 

3 

391 

44.797 

55 

38.879 

93  651 

7 

349 

3 

9S4 

42,706 

57 

34   IJJ 

90.841 

9 

"59 

6 
5 

065 
841 

54  603 
53.965 

45 
46 

System:  Allyl  Alcohol-Potaasium  Fluoride-Water.— Three  sets  of 
measurements  were  made  in  this  system.  The  first  series  was  made 
with  a  solution  containing  3.351  g.  of  potassium  fluoride  and  the  first 
measurement  was  made 
with  7,129%  alcohol  in 
the  solvent.  Alcohol 
and  water  were  added  in 
succession  through  ten 
measurements,  bringing 
the  alcohol  up  to 
54.211%  of  the  solvent. 
A  separate  determina- 
tion was  made  on  a  solu- 
tion containing  65.221% 
of  alcohol  in  the  solvent, 
then    a    series   running 

from  59.948  to  75.377%  ■'*''  A/dSfK,/ 

alcohol   in   the  solvent  '^^'^ 

and  to  obtain  points  at  the  other  end  of  the  curve  10. 190  g.  of  potassium 
fluoride  were  dissolved  in  20  cc.  of  water,  0.506  g.  of  alcohol  was  added 

Table  V.  .       , 

System:  Allyl  A]cohol-Fotas»um  Fluoride-Water. 
Grams  per  100  g.  solvent. 


341 

9!. 871 

7 

139 

895 

34 

779 

65 

331 

580 

90.309 

9 

691 

233 

36 

443 

S9 

94a 

37" 

88.509 

II 

491 

931 

34 

370 

65 

630 

184 

8a . 336 

17 

764 

635 

3" 

"55 

68 

845 

880 

77  463 

33 

537 

368 

38 

605 

71 

395 

873 

70.471 

39 

529 

066 

34 

333 

75 

377 

508 

64.610 

35 

390 

45 

707 

97 

730 

I 

370 

014 

57  989 

43 

on 

38 

076 

96 

3 

983 

8.3 

52-450 

47 

550 

30 

675 

94 

121 

5 

8T9 

631 

45.789 

54 

311 
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and  water  added  to  just  dear  the  solution  which  now  contained  it  ;S1 

g.  of  water.     This  solution  contained  only  2 .  27%  of  alcohol  in  the  solroit 

and  two  more  additions  of  both  alcohol  and  water  were  made,  bno^iiig 

the  alcohol  content  up  to  3 .879%  of  the  solvent. 
When  plotted  in  rectangular  coftrdinates  the  curve  for  allyl  akohoJ- 

potassium  fluoride-water  closely  approaches  that  of  isopropyl  alcohol, 

which  it  most  nearly  resembled  in  slope  throughout.     The  measuremciit! 

are  recorded  in  TaUc  V. 
and  the  curve  is  sban 
in  Fig.  10. 

System:  Allyl  Aln- 
hol-Potassium  Caibot- 
ate-Water.  —  This  sn- 
tem  was  studied  in  the 
same  mamier  as  thost 
first  mentioned,  nlneteoi 
readings  being  tabn. 
The  alcohol  ranged  tran 
1.424  to  81.159%  oi  the 
mixture.  The  results 
are  shown  in  TaUe  M 
'~'y"-  and  in  Fig.  11. 

SyBtem:  AJUyl  Alcohol-Sodium  Carbonate-Water. — Values  were  oh- 

tained  for  mixtures  ranging  from   16.722%  to  60.835%  alcohrf,  ooly 

eleven  readings  being  taken.     End  points  at  both  ends  of  the  biDodil 

curve  were  hard  to  obtain.     Results  are  shown  in  Table  VII  and  In  Fig 

12. 
SjTstem:  AUyl  Alcohol-Sodium  Chloride- Water. — As  in  the  previoos 

system,  the  end  points 

were    rather    uncertain 

with    less    than    lo   or 

more  than  70%  of  alco- 
hol in   the  solvent,   so 

record  is  made  only  of 

such  readings  as  seemed 

most    trustworthy,     as 

they  suffice   to   give  a 

very  good  idea  of  the 

general  form  and  slope 

of  the  binodal  curve. 

With  ^lyl  alcohol  the  m^ 

position  of  the  curves^^  '™''  , 

obtained  with  the  differ-  ^^- 1^ 
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ent  salts  used  is  much 
greater  than  with 
propyl  or  isopropyl  i 
bol  and  in  consequ 
any  inferences  w 
might  be  drawn  a 
the  effect  of  the  i 
ence  of  various  ior 
the  solution  shoulc 
more  evident  in  the 
terns  containing  all> 
cobol  as  one  compoi 
Results  for  this 
tem  are  shown  in  T 
VIII  and  in  Fig.  13. 


Table  VI. 

System:  Allyl  AlcohoI-KiCOi-Water  Measured  at  i< 
Grams  p«r  100  g.  solvent. 


T^CH. 

w>t«. 

Alcohol. 

KiCOfc 

V/Ha. 

Akohol. 

47.746 

97.897 

3,103 

9  653 

-  73-533 

36.447 

38.398 

96.181 

3.819 

8 

339 

69 

333 

30.677 

Sixa 

94-733 

5.367 

6 

739 

64 

569 

35-431 

a8.i63 

93-039 

6,961 

531 

60 

663 

39-337 

23.486 

90-691 

9  309 

457 

48 

401 

51.598 

20.037 

88.323 

11,677 

030 

45 

513 

54-487 

16-354 

84.963 

15-037 

464 

41 

749. 

58.J5I 

13.696 

81.733 

18.S67 

015 

37 

390 

6a. 610 

11.331 

77.346 

33.434 

5=6 

31 

413 

68.587 

0 

0853 

18 

771 

81.338 

TablB  VII. 
System:  Allyl  Akohot-Sodium  Car- 
bonate-Water (30"). 
Grams  per  100  g.  solvent. 

lf«COh  Water.  AlcohoL 


81-593 
76.347 
71-584 
67-834 
63.874 
58,948 
31-891 
51.036 

43-666 
38,888 


18.407 
33-753 
38,416 
33.166 
37.  "6 
41-033 
48.109 
48,974 


NiCL 
079 


39 


79 


Table  VIII. 
AUyl  Alcf^ol-Sodium  Chloride- 
Water  (30°), 
Grams  per  100  g.  solvent. 

Akohol. 

60.631 
64 . 858 
69.867 
19-705 

33-314 

40.392 
47-133 
54-683 


In  otxier  to  get  an  idea  as  to  the  relative  efficiency  in  salting  out  power 
(rf  the  various  salts  employed  and  also  as  to  the  varying  effect  of  individual 
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salts  on  different  alcohols,  four  diagrams  have  been  made.     Fig.  14  is » 
comparison  of  the  values  obtained  with  sodium  chloride,  sodiani  cat- 

bonate, 


fluoride  and  potu- 
dum  carbonate  vitb 
mixtures  of  {Htipyl  al- 
cohol and  water.  Fig, 

15  is  a  comparisoa  ci 
the  same  four  sate, 
using  allyl  alcf^Kd  and 
water  as  the  solveiit 
In  additkm.  Fig.  ij 
contains  two  vabes 
for  sodium  fluoride 
and  four  for  potassBun 
chloride.  These  viH  be 
discussed  later.    Fi;. 

16  is  a  comparison  of   '. 
solvents  from  four  dif- 

.  ferent  alcohols,  eth^    ' 
_  allyl,    normal   \im^\    . 
and  isopropyl  akt^ 
using  a  single  salt,  po- 
tassium fluoride.   Fig. 


17  shows  the  results  with  the  same  four  alcohols  using  potassium  carbooatt. 

The  three  components  are  represented  in  rectangular  cofinlinates  tq- 
plotting  the  two  Uquid  components  together  in  one  directi<m  and  the 
solid  in  terms  of  its  ratio  to  the  sum  of  the  two  liquids  at  right  angles. 
Thus  a  horizontal  line  at  30%  alcohol  in  the  solvent  also  represents  by 
difference  70%  of  water  in  the  solvent.  All  the  points  plotted  reprecnt 
what  might  be  called  "turbidity  points,"  the  line  connecting  the  points 
in  any  system  being  the  boundary  between  the  homogeneous  and  hetero- 
geneous systems.  To  illustrate:  Given  any  solution  with  a  composi- 
tion represented  by  any  point  on  any  of  the  lines  shown  and  if  its  compoa- 
tion  be  altered  by  the  addition  of  an  infinitesimal  amount  of  the  salt, 
the  solution  will  separate  into  two  phases.  In  all  cases,  except  the  vabes 
for  allyl  alcohol  with  potassium  chloride  and  sodium  fluoride  on  Fig.  i5» 
these  phases  are  both  liquid.  In  the  portions  of  the  curves  shown  in 
Figs.  14,  15,  16  and  17  the  addition  of  an  infinitesimal  amount  of  the  alco- 
hol will  effect  the  same  separation  into  two  phases. 

One  of  the  most  noticeable  things  in  Figs.  14  and  15  is  that  the  onkr 
of  efficiency  in  salting  out  effect,  per  gram  salt  in  100  g.  solvent,  is  the  saoe 
for  propyl  alcohol  as  for  allyl  alcohol  in  solutions  with  high  alcobobc 
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ccmteot,  sodium  chloride  having  the  least  effect  and  sodium  carbonate 
the  most  per  weight  used. 

It  has  beea  suggested  that  the  salting  out  effect  of  salts  on  alcohols 
vas  largely  a  matter  of  the  ions  present  in  the  solution  of  the  salt.  In 
-order  to  determine  whether  any  such  law  governed  the  matter,  trials 
were  made  using  sodium  ffuoride  and  potassium  chloride  with  allyl  alco- 
hol as  these  two  salts,  with  the  other  four  used,  would  give  us  three  potas- 
^um  salts,  three  so- 
dium salts,  two  car-  a.!  Al/y/ A/coitel 
bcMiates,  two  chlorides 
and  two  fluorides — 
thus  completing  series 
which  should  show 
any  very  definite  rela-  ' 
tions  if  these  existed. 
With  both  potassium  ^ 
chloride  and  sodium  | 
fluoride  results  were  ^ 
somewhat  undecided,  S 
as  neither  salt  gave  | 
two  liquid  phases  on  ■^ 
addition  to  an  alcohol-  ^ 
water  mixture  within  % 
the  Umits  of  composi-  if 
tion  used  in  the  other 
curves.  However,  two 
phases  were  easily  ob- 
tained, one  solid  and 
one  liquid,  which  could 
be  made  homogeneous 
by  the  addition  of  water  and  again  separated  by  addition  of  alcohol  or  of 
salt.  Thus,  while  these  points  measured  are  real  turbidity  points,  they 
are  not  strictly  comparable  with  p<»nts  on  the  other  curves.  However 
this  would  not  seem  to  vitiate  the  conclusions  drawn,  since  the  existen<% 
of  any  law  correlating  solubility  and  the  ions  present  would  apply  equally 
here. 

If  we  examine  Fig.  15  for  such  evidence,  we  find  that  it  takes  less  of 
the  sodium  salt  than  of  the  potassium  salt  to  cause  a  separation  into  two 
phases,  whether  the  salt  be  the  carbonate,  the  chloride  or  the  fluoride. 
This,  however,  may  be  due  as  much  to  the  greater  weight  of  the  mole- 
cule of  potassium  salt  as  to  the  individuality  of  the  ion  concerned.  If 
we  should  express  the  amount  of  salt  used  in  terms  of  gram-molecules 
or  in  normality,  our  curves  would  not  show  the  same  regularity  and  the 
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similarity  between  te 
order  of  the  salts  in  Figs. 
14  and  15,  would  disap- 
pear entirely. 

If  we  look  for  aspedfic 
effect  of  the  add  ion,  ii 
Fig.  15,  we  get  but  Httk 
encouragement  It  le- 
quires  less  of  the  flno* 
rides  to  salt  out  the  al- 
cohol than  of  the  cone* 
sponding  chlorides,--biit 
when  we  compare  the 
fluorides  with  the  car- 
bonates, we  see  that, 
while  it  takes  less  of  the 
sodium  fluoride  than  of 
the  sodium  carbonate  to 
cause  a  separation  into 
two  phases,  it  leqniRS 
more  of   the  potassim 


fluoride  than  of  the  potassium  carbonate. 

Attention  should  be  called  to  the  fact  that  while  many  of  the  curws 
seem  to  approach  as  the  alcoholic  content  decreases,  in  reality  they  usoall? 
diverge,  for  the  difference  in  salt  content  of  limiting  homogeneous  solu- 
tions  containing  solvents  of  like  composition  is  measured  by  horizontal 
distances  between  parallel  curves  and  not  by  perpendicular  distances. 

A  comparison  of  Figs.  16  and  17  shows  at  once  a  striking  similaritj. 
Through  a  large  portion  of  their  length  the  order  is  the  same  for  the  differ- 
ent alcohols  in  the  case  of  the  dehydration  with  potassium  fluoride  as  with 
potassium  carbonate.  The  position  and  the  slope  both  give  the  same 
average  values.  This  makes  it  clear  that  the  salting  our  effect  of  salts 
on  water-^cohol  mixtures  is  dependent  largely  on  the  individuality  d 
the  alcohol  used  and  that  differences  are  fairly  constant  with  changmg 
salts.  When  we  seek  the  reason  for  the  differences  in  the  curves  of  the 
various  alcohols  with  a  single  salt,  the  most  noticeable  fact  is  the  great 
difference  in  the  values  for  the  isomeric  propyl  alcohols.  None  of  the 
alcohols  investigated  show  great  differences  than  these  two  and  it  is  at 
once  plain  that  there  is  no  additive  property  involved.  The  two  conrts 
showing  the  most  similarity  are  those  for  allyl  and  isopropyl  alcohol  is 
both  Fig.  16  and  Fig.  17.  This  in  spite  of  the  fact  that  this  pair  shows 
the  most  dissimilarity,  chemically,  of  any  of  the  possible  six  pairs  pceseot 
Normal  propyl  alcohol  and  ethyl  alcohol  are  most  similar  cfaemicaOy. 
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and  while  there  is  some  slight  resemblance  between  their  curves  as  shown 
in  Figs.  16  and  17,  it  is  not  pronounced  and  the  differences  in  the  amounts 
of  salt  present  necessary 
to  cause  a  separation 
into  two  layers  is  very 
great,  and  becomes  in- 
creasingly so  as  we  in- 
crease the  amount  of 
water  present  in  solu* 
tions  of  both.  This  is 
especially  evident  if  we  ^ 
note  the  horizontal  dis- 
tances between  the  two 
curves.  ^ 

Summary.  I 

Seven    new    systems  ^. 
have  been  investigated  ^  «» 
and   curves  plotted,  ^ 
namely: 

Normal  propyl  alco- 
hol-sodium carbonate- 
water; 

Isopropyl  alcohol-po- 
tassiimi  fluoride-water; 

Isopropyl  alcohol-potassium  carbonate-water; 

AUyl  alcohol-potassium  fluoride- water; 

Allyl  alcohol-potassium  carbonate-water; 

Allyl  alcohol-soditun  carbonate-water; 

Allyl  alcohol-sodium  chloride-water. 

Potassium  fluoride  was  found  to  be  the  most  satisfactory  of  the  de- 
hydrating agents  employied,  especially  when  the  object  was  the  determina- 
tion of  the  water  content  of  the  alcohol,  on  account  of  the  ease  with  which 
the  end  point  could  be  determined  with  widely  varying  composition  of 
solvent,  on  accotmt  of  the  fact  that  it  caused  a  separation  into  two  phases 
only  and  those  both  liquid  phases  over  a  relatively  large  range  in  com- 
position of  solvent  and  on  account  of  the  large  amount  of  water  with 
which  it  combines  to  form  its  lowest  hydrate.  Potassium  carbonate 
was  found  to  work  very  satisfactorily  for  all  of  the  alcohols  studied. 

Curves  have  been  worked  out  for  the  determination  of  the  water  con- 
tent of  allyl  alcohol  and  of  isopropyl  alcohol  by  the  method  used  and 
recommended  by  Frankforter  and  Frary  for  ethyl  and  normal  propyl 
alcohols. 

No  evidence  was  found  relating  the  salting  out  effect  to  the  chemical 
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constitution  of  the  salts  or  of  the  alcohols.  The  salting  out  effidenqr  oC  t 
salt  seems  rather  to  be  a  function  of  its  solubility  in  the  water  and  m 
the  alcohol,  of  the  amount  of  water  with  which  it  unites  to  form  its  lonrot 
hydrate,  and  of  the  ability  of  the  alcohol  to  replace  the  water  of  hydn- 
tion. 

MiKMSAFOUA,  Minn. 
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Received  August  12,  1915. 

Introduction. 

In  the  course  of  a  research  in  this  laboratory,  we  desired  to  use  ooc  d 
the  substituted  phenyl  esters  of  oxaUc  acid.  In  reviewing  the  methods 
already  available  for  the  preparation  of  these  substances,  we  found  them 
to  be  few  in  number,  limited  in  applicability  and  not  suited  to  the  prepara- 
tion of  the  particular  compoimd  wanted.  Nencki^  first  prepared  the 
phenyl  ester  of  oxalic  acid  by  boiling  phosphorus  oxychloride  with  an- 
hydrous oxalic  add  and  phenol.  This  method  was  extended  by  Bisdioff^ 
to  the  preparation  of  substituted  phenyl  esters  of  oxalic  acid,  and  was 
shown  by  him  to  work  well  with  certain  types  of  substituted  phcnoli 
With  many  phenyl  derivatives,  however,  only  small  yields  of  esters  couJd 
be  thus  produced,  and  in  several  cases  the  esters,  if  they  were  formed  it 
all,  could  not  be  isolated  from  the  reaction  mixtiu'es.  Thus,  e.  f.,  the 
cresols,  xylenols  and  carvacrol  gave  good  results,  thymol,  p-  and  w-nitro- 
phenols  gave  very  poor  yields,  while  the  desired  products  from  the  o-mtKh 
phenol,  a-  and  /3-naphthols,  could  not  be  obtained.  Moreover,  this  method 
cannot  be  applied  to  any  phenol  containing  a  substituting  group  ifioA 
is  sensitive  to  hot  phosphorus  oxychloride. 

A  second  method  was  used  by  Bischoff '  for  the  preparation  of  this  dass 
of  compounds.  It  consisted  in  heating  the  phenyl  ester  of  oxalic  add 
with  the  substituted  phenol,  when  replacement  occurred  and  the  substi- 
tuted phenyl  ester  resulted.  This  gave  poor  results,  but  was  applkahic 
to  a  number  of  esters  which  could  not  be  made  by  the  first  process.  The 
a-  and  /3-naphthyl  esters  are  examples. 

In  the  manufacture  of  aurin,  from  phenol,  oxalic  acid  and  sulfuric  add. 
a  by-product  was  obtained  which  ClaparMe  and  Smith  believed  to 
the  phenyl  ester  of  ortho-oxalic  acid.*    This  they  also  s>Tithesized  by 
tilling  a  mixture  of  oxalic  acid  and  phenol,  or  by  simply  dissolving  p 

*  /.  prakt.  Chem.,  [2]  25,  283  (1882). 

*  Ber.,  35,  3440  (1902). 

*  Ibid.,  35,  3441,  3448  (1902). 

*  /.  Chem.  Soc.,  43,  358  (1883). 
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and  anhydrous  oxalic  acid  in  glacial  acetic  acid  and  heating.^  The  cor- 
responding a-  and  /S-naphthyl  compounds  were  also  prepared.  This 
method,  however,  is  very  limited  in  application,  as  shown  by  Bischofif,* 
and  has  no  importance  in  the  synthesis  of  the  compounds  in  question, 
since  water  could  not  be  removed  to  give  the  phenyl  esters  of  oxalic  acid. 
In  fact,  Hailer^  has  given  some  evidence  that  these  supposedly  ortho- 
oxalic  acid  esters  are  nothing  but  oxalic  acid  with  two  molecules  of  phenol 
of  crystallization. 

This  comprises  all  the  work  on  the  S3mthesis  of  the  phenyl  esters  of 
oxalic  acid.  We  have,  therefore,  looked  for  a  more  suitable  method  of 
preparation  than  the  one  mentioned,  and  have  studied  the  action  of  oxalyl 
chloride  on  phenols  under  different  conditions.  We  found  that  treatment 
of  phenols  with  oxalyl  chloride  alone  gave  poor  results,  due  chiefly  to  the 
volatility  of  the  chloride.  In  the  presence  of  pyridine,  however,  the  re- 
action ran  smoothly,  and  we  were  able  so  to  adjust  the  experimental 
conditions  that  it  was  possible  to  produce  any  type  of  substituted  phenyl 
ester  in  practically  quantitative  yields.  The  general  procedure  is  as 
follows: 

About  25  cc.  of  pyridine  are  cooled  well  in  ice  and  to  this  5  g.  of  pure 
oxalyl  chloride  are  added  slowly.  The  yellow  addition  product  of  the 
two  substances  separates  instantly  in  the  form  of  yellow  lumps.  These 
are  now  crushed  carefully  with  a  spatula  before  proceeding  further.  Two 
molecules  of  phenol  are  dissolved  in  a  few  cc.  of  pyridine,  and  the  solu- 
tion is  added  gradually  to  the  oxalyl  chloride  pyridine  compound,  then 
the  whole  mixture  is  allowed  to  stand  about  two  hours,  or  more,  at  0°. 
To  obtain  the  ester,  the  reaction  product  is  poured  into  a  mixture  of  con- 
centrated hydrochloric  add  and  ice.  The  pyridine  thus  goes  into  solution, 
and  the  ester  precipitates.  It  is  filtered,  washed  with  water,  then  (except 
in  the  cases  when  polyphenols  and  oxyacids  have  been  used)  is  treated 
with  a  cold  dilute  sodium  hydroxide  solution  to  extract  any  traces  of 
unchanged  phenol  which  may  be  present.  Finally,  the  ester  is  filtered 
again,  washed  with  water,  dried,  and  crystallized. 

To  get  the  best  results,  it  is  essential  to  crush  well  the  lumps  of  the 
oxalyl  chloride  pyridine  compound,  and  to  keep  the  reaction  mixtm-e 
at  o**  or  below.  In  one  or  two  of  the  experiments  carried  out,  after  put- 
ting the  substances  together,  we  heated  the  mixture  for  a  few  hours  under 
a  reflux  condenser.  This  proved  unsatisfactory,  however,  for,  in  the 
first  place,  blackening  and  charring  took  place,  as  well  as  the  formation 
of  colored  by-products,  and,  secondly,  the  oxalyl  chloride  at  the  high  tem- 
perature had  a  greater  tendency  to  act  as  a  dehydrating  agent.    This 

*  Ber,,  17,  1740  (1884). 
« Ibid.,  35,  3444  (1902). 

•  Chem.  Zentr.,  1910, 1,  1039. 
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latter  happened  in  the  case  of  salicyl  aldehyde,  no  ester  being  pnidnoed. 
We  made  a  number  of  experiments  also  at  room  temperature,  a&oiriag 
the  mixture  to  stand  overnight.  Most  of  the  reactions  went  smoothly, 
but  in  one  or  two  instances  there  was  some  difficulty.  Thus,  the  sahcyl 
aldehyde  gave  only  a  tarry-Uke  mass,  and  hydroquinone  gave  a  ooosii- 
erable  amount  of  a  dehydration  product.  Besides,  small  amounts  of 
colored  products  sometimes  formed,  which  were  not  too  ea^y  removet 
Keeping  the  reaction  at  0°,  however,  gave  very  satisfactory  results,  dean, 
pure  compounds,  and  in  all  except  one  or  two  cases  practically  quantita- 
tive yields  of  the  esters. 

We  chose  for  experimentation  diflFerent  types  of  substituted  phenols, 
not  only  such  as  had  already  been  used,  but  also  others,  more  particularlj 
some  containing  substituting  groups  sensitive  to  phosphorus  oxycfalonik. 

Experimental. 

Of  the  following  compounds  prepared,  the  di-p-cresyl,  diguaiacyl,  di- 
a-naphthyl,  and  di-j8-naphthyl  esters  of  oxalic  add  had  already  beeo 
synthesized  by  Bischoff,  using  other  methods.  In  every  case,  our  conh 
potmds  agreed  with  his  in  solubility,  and  when  crystallized  from  the  same 
solvent  agreed  also  in  crystalline  form.  We  found  the  melting  point  of 
the  di-p-cresyl  ester  to  be  147°,  and  of  the  di-jS-naphthyl  ester  to  be  i88* 
as  compared  with  BischoflF's  149°  for  the  former  and  191®  for  the  latter. 
The  other  two  had  the  same  melting  point. 

I.  Monatomic  Phenols. 
(a)  Hydrocarbon  Substituting  Groups, 

1.  Di-f-cresyl  Ester  of  Oxalic  Acid/  (CH8-C6H4)2Ci04.--Shiny  white 
plates  from  a  mixture  of  equal  parts  of  alcohol  and  ether.     M.  p.  147*. 

Calc.  for  CibHmO*:  C,  71. i;  H,  5.2.     Found:  C,  71.0;  H,  5.3. 

2.  Di-a-naphthyl  Ester  of  Oxalic  Acid,i  (CioH7)2Ci04.--Silky  necdfcs 
from  benzene  or  glacial  acetic  add.     M.  p.  161-162°. 

Calc.  for  CstHi404:  C,  77.2;  H,  4.1.    Found:  C,  77.1;  H,  4.3. 

3.  Di-/S-naphthyl  Ester  of  Oxalic  Acid,*  (CioH7)«C,04.— If  the  material 
obtained  by  following  the  general  directions  given  was  crystallized  boo 
benzene,  it  formed  tiny,  white  lumps.  M.  p.  146-147°.  On  analysis  this 
substance  proved  to  be  a  molecular  compotmd  of  the  di-zS-naphthjrl  ester 
and  one  molecule  of  benzene.  It  was  extremely  stable,  for  heating  at  9ft 
90°  for  several  hours  did  not  decompose  it. 

Calc.  for  CttH]404-C«H«:  C,  80.0;  H,  4.8.    Found:  C.  79.4;  H,  5.0. 
By  crystallizing  the  above  substance  from  glacial  acetic  add,  howevtf, 
the  benzene  was  driven  out,  and  the  free  ester  formed  tiny,  white  needles 
M.  p.  188-189°. 

'  Ber.,  35,  3443  (1902). 
*Ibid. 
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Calc.  for  CitHi404:  C,  77.2;  H,  4.1.    Found:  C,  77.3;  H,  4.3. 

(b)  Other  Substituting  Groups. 

1.  Di-<?-nitrophenyl  Ester  of  Oxalic  Acid,  (NOs-C«H4)2Cs04.— Long, 
flat,  yellow  needles  from  benzol.  M.  p.  185^.  Soluble  in  chloroform, 
glacial  acetic  acid;  very  slightly  soluble  in  ethyl  alcohol  and  methyl 
alcohol;  insoluble  in  ether. 

Calc.  for  C14H1O1N1:  C,  50.6;  H,  2.4.    Pound:  C,  50.9;  H,  2.6. 

a.  Di-salicyl  Aldehyde  Ester  of  Oxalic  Acid,  (CHO-C«H4)2C204.--Shiny, 
white  plates  from  benzene.  M.  p.  153-154**.  Soluble  in  chloroform 
and  glacial  acetic  acid;  slightly  soluble  in  ethyl  alcohol,  methyl  alcohol; 
insoluble  in  ether. 

Calc.  for  CicHioOe:  C,  64.4;  H,  3.4.    Found:  C,  64.5;  H,  3.5. 

If  the  reaction  of  oxalyl  chloride,  pyridine,  and  salicyl  aldehyde  was 
carried  on  at  the  boiling  temperature  of  the  pyridine,  none  of  the  above 
ester  formed,  but  a  considerable  amount  of  a  white  solid  was  isolated 
from  the  black  reaction  mass.  This  crystallized  from  ether,  melted  at 
129^,  and  on  analysis  proved  to  be  the  well-known  di-salicyl  aldehyde. 
Calc.  for  Ci4HitOs:  C,  74.3;  H,  4.4.    Found:  C,  74.1  and  74.4;  H,  4.8  and  4.6. 

At  room  temperature  the  salicyl  aldehyde  gave  no  ester,  just  a  reddish, 
sticky  product. 

3.  Di-vanillin  Ester  of  Oxalic  Acid,  [(CHsO)(CHO)CeH,]tC204  — 
Very  small,  white  crystals  from  glacial  acetic  acid.  Melting  point  203- 
204**.  Soluble  in  chloroform  and  benzene.  Very  slightiy  soluble  in  ethyl 
alcohol  and  methyl  alcohol.     Insoluble  in  ether. 

Calc.  for  CisHuOi:  C,  60.3;  H,  3.9.     Pound:  C,  59.9;  H,  3.9. 

4.  Di-jS-aceto-a-naphthyl  Ester  of  Oxalic  Acid,  (CHsCO-CioH6)2C304. 
— Small,  white,  leaf -like  crystals  from  benzene.  M.  p.  197**.  Readily  solu- 
ble in  glacial  acetic  acid,  chloroform  and  acetone.  Slightiy  soluble  in 
ethyl  alcohol,  methyl  alcohol,  and  ether. 

Calc.  for  CieHisOi:  C,  73.2;  H,  4.2.    Found:  C,  73.0;  H,  4.4. 

5.  When  we  attempted  to  prepare  the  saUcylic  acid  ester  of  oxalic  acid, 
the  reaction  apparentiy  ran  smoothly,  and  a  good  yield  of  a  white  solid 
resulted.  However,  we  were  unable  to  find  a  solvent  for  the  substance, 
and  on  testing  we  found  nitrogen.  This  was  undoubtedly  the  pyridine 
salt  of  the  di-salicylic  acid  ester  of  oxaUc  acid  which  had  not  decomposed 
on  treatment  with  strong  hydrochloric  add.  By  the  action  of  hot  con- 
centrated hydrochloric  acid  or  sodium  hydroxide,  the  pyridine  was  set 
free,  but  the  ester  hydrolyzed  at  the  same  time,  so  that  only  complete 
decomposition  products  resulted. 

6.  Di-methyl  Salicylate  Ester  of  Oxalic  Acid,  (CH,OOC-C6H4)2C204.— 
White  needles  from  benzene.     M.   p.   158°.     Readily  soluble  in  ethyl 
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alcohol,  chloroform,  benzene,  glacial  acetic  acid;  slightly  soluble  in  methyl 
alcohol. 

Calc.  for  CisHiiOs:  C,  60.3;  H,  3.9.    Found:  C,  60.0;  H,  3.9, 

7.  Oi-guaiacyl  Ester  of  Oxalic  Acid/(  CH«O-CeH4)iC204.— Shiny, 
white  plates  from  a  mixture  of  alcohol  and  ether.    M.  p.  127®. 

Calc.  for  CieHuOe:  C,  63.6;  H,  4.6.     Pound:  C,  63.8;  H,  4.9. 

n.  Diatomic  Phenols. 

(a)  Di-/?-hydroxyphenyl  Ester  of  Oxalic  Acid,  (HO-C«H4)iCiOi.- 
As  precipitated  from  the  reaction  mixture,  this  substance  formed  a  white 
powder,  only  very  slightly  soluble  in  all  the  common  solvents,  or  cTcn 
heavier  solvents,  such  as  glacial  acetic  acid,  anisol  or  benzyl  alcoh(i 
It  started  to  shrink  at  192°  and  melted  at  212®.  The  compound  was 
prepared  for  analysis  by  washing  well  with  cold  water,  then  several  times 
with  hot  benzene.  It  was  soluble  with  a  yellow  color  in  dflute  sodium 
hydroxide. 

Calc.  for  C14H10O6:  C,  61.3;  H,  3.6.    Found:  C,  60.9;  H,  3.8. 

If  the  hydroquinone  was  added  to  the  oxalyl  chloride  pyridine  com- 
pound at  room  temperature,  and  the  mixture  allowed  to  warm  up  froo 
the  heat  of  reaction,  then  a  mixture  of  compounds  resulted  from  which 
one  could  be  obtained  by  the  action  of  glacial  acetic  acid.  This  crys- 
tallized in  white  needles  from  glacial  acetic  add  and  melted  at  2^^ 
The  analysis  agreed  well  for  the  monoacetate  of  di-p-oxyphenyl  ether. 
As  the  production  of  this  compound  was  rather  uncertain,  and  as  we  ob- 
tained but  poor  yields  of  it,  we  have  not  studied  it  further.  Sligfatlf 
soluble  in  ethyl  and  methyl  alcohol,  chloroform,  ether,  benzene. 

Calc.  for  CwHuO*:  C,  68.8;  H,  4.9.     Found:  C,  68.9;  H,  4.7. 
Caicbkzdo*,  Mass.  . 
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MONO-ACETTL-TRI-CHLOROTERTIARY-BUTTL-ALCOHOL 

(ACETYL  CHLORETONE.) 

By  T.  B.  AifDMCH. 
Received  September  13.  1915. 

When  trichlorotertiary-butyl-alcohol  (presumably  tri-bromotertiaiy- 
butyl-alcohol  acts  in  the  same  way)  is  acetylated  in  the  usual  manner  with 
acetic  anhydride  and  anhydrous  sodium  acetate,  an  acetyl  compound 
is  formed  according  to  the  following  equation: 

CH,  CH, 

I  CH,— COy  I 

CCU—COH  +  yO  "  ecu— CO— CO— CH,  +  CHr-COOH 

I  CH,— CO-^  I 

CH,  CH, 

'  Ber.,  35f  3443  (1902). 
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PreparatiaiL — One  (i)  part  of  chloretone  was  boiled  with  two  (2) 
parts  of  acetic  anhydride  and  one  (i)  part  of  anhydrous  sodium  acetate 
for  two  hours,  using  a  reflux  condenser.  The  solution,  after  cooling  and 
diluting  with  water,  was  neutralized  with  sodium  carbonate  and  sub- 
jected to  steam  distillation,  the  acetyl  derivative  passing  over  with  the 
steam  in  the  form  of  an  oil  that  was  practically  colorless.  The  oil  was 
collected  with  ether,  the  ethereal  solution  washed  with  water,  then  dried 
with  calcium  chloride,  and  finally  filtered  through  a  dry  filter  into  a  tared 
vessel.  After  evaporating  the  ether  the  residual  oil  gave,  in  one  instance, 
a  3rield  of  about  80%.  Slight  decomposition  took  place  when  the  oil 
was  distilled  at  ordinary  temperattu-e;  however,  the  greater  part  went  over 
between  180-190^  as  a  nearly  colorless  oil.  When  distilled  in  partial 
vacuum  at  246  nun.  the  substance  boiled  fairly  constant  without  any 
apparent  decomposition  at  145-146^  and  gave  a  yield  of  85%  of  the 
amount  started  with.  Chloretone  under  the  same  conditions  (pressure, 
etc.)  boils  at  134-136  ^ 

Combustion  and  chlorine  determinations  were  made  with  a  product, 
boiling  at  151-153^  under  250  mm.  pressure.  The  bulb  for  holding  the 
liquid  for  analysis  was  weighed  empty,  then  warmed,  and  the  neck  of 
the  bulb  which  had  been  drawn  to  a  fine  tube  immersed  in  the  acetyl  chlore- 
tone. When,  on  cooling,  sufficient  oil  had  entered  the  bulb,  it  was  re- 
weighed. 

The  analytical  results  for  carbon  were  somewhat  lower  and  for  chlorine 
somewhat  higher  than  the  calculated  values,  indicating  the  presence  of 
some  unchanged  chloretone.  This  was  verified  by  the  results  of  the  puri- 
fication treatment. 

In  order  to  remove  traces  of  chloretone,  the  acetyl  compound  already 
analyzed  was  heated  on  the  steam  bath  for  20  min.  with  100  cc.  of  a  10% 
NaOH  solution  in  order  to  decompose  the  chloretone  present.  The  acetyl 
derivative,  which  was  tmaffected  by  this  treatment,  was  then  collected 
with  ether,  washed,  dried,  and  distilled  in  the  usual  manner  under  re- 
duced pressure.  The  substance  distilled  at  151-152^  tmder  a  pressure  of 
237  mm.  The  following  chlorine  determination  (Carius)  is  sufficient  to 
show  that  this  compoimd  is  practically  ptu'e. 

0.3831  g'  gave  0.7535  g-  AgCl  or  0.1864  g.  CI. 
Calc.  for  CeHtOiCU:  48.63%.    Found:  4865%. 

Three  cc.  of  the  acetyl  compotmd  were  placed  in  a  pressure  tube  with 
10  cc.  of  H2O  and  heated  for  3  hours  at  160°.  On  opening  the  tube  there 
was  no  apparent  change.  On  heating  the  resealed  tube  for  3  hours  at  250^ 
complete  decomposition  of  the  substance  took  place,  and  on  opening  the 
tube  there  was  considerable  presstu'e.  The  substance  was  in  part  carbon- 
ized but  there  was  no  evidence  of  chloretone,  the  reaction  of  the  Uquid 
was  acid  and  AgNOi  gave  a  precipitate  soluble  in  NH4OH. 
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Two  cc.  of  the  acetyl  compound  were  placed  in  a  sealed  tube  widi  25 
cc.  H2O  and  heated  to  160**  for  8  hours.  On  opening  the  tube,  thoe  vis 
considerable  presstire,  and  a  reddish  brown  oil  was  noticed  (Vi  cc.)  at  tbt 
bottom  of  the  tube,  the  supernatant  liquid  being  slightly  yellow.  Its 
reaction  was  strongly  add  and  AgNOs  gave  a  voluminous  predpitile 
soluble  in  NH4OH. 

When  boiled  with  water  for  a  long  time  (108  hours),  using  a  reflux  ooii- 
denser,  some  crystals  resembling  chloretone  were  observed  ia  the  con- 
denser and  neck  of  the  flask  (that  is,  on  standing  overnight).  These 
were  collected  on  a  filter,  dissolved  in  dilute  alcohol  and  recrystalliied 
White  needles;  taste  and  smell  like  chloretone.  M.  p.  78^. 
,  When  acetyl  chloretone  is  boiled  with  water  to  which  HsSOi  bas  been 
added,  the  saponification  takes  place  much  more  rapidly.  Boiling  7 
hotus  is  sufficient  to  obtain  considerable  chloretone  in  the  condfiDser 
tube. 

Although  saponification  takes  place  slowly  by  boiling  with  water, 
or  water  and  dilute  acids,  it  is  extremely  interesting  to  note  that  sapom- 
fication  takes  place  very  rapidly  when  the  ester  is  boiled  with  an  czoesi 
(three  or  four  times  its  volume)  of  concentrated  nitric  add.  Indeed, 
after  boiling  only  a  few  minutes  a  large  amount  of  chloretcme  may  be 
thrown  out  of  the  add  solution  in  a  crystalline  form  by  the  additioii  d 
water. 

The  solubilities  of  the  acetyl  ester  are  practically  the  same  as  tbose 
of  chloretone.  It  dissolves  very  readily  in  alcohol,  acetone,  ether,  dikvo- 
form,  benzene,  etc.,  and  is  practically  insoluble  in  water,  even  less  sobh 
ble  than  chloretone.  (Upon  pladng  0.5  g.  in  100  cc.  measuring  flasto 
and  adding  water  to  mark,  very  little,  if  any,  passed  into  solution  after 
shaking  occasionally  for  several  da3rs.) 

It  is  volatile,  though  less  so,  than  chloretone. 

(i)  I  cc.  was  placed  on  watch  glass  and  allowed  to  stand  at  room  tem- 
perature; at  the  end  of  14  hours  \^2  had  evaporated. 

(2)  I  cc.  was  placed  in  an  incubator  at  37°;  at  the  end  of  14  homsit 
had  evaporated  completdy. 

Acetyl  chloretone  has  anesthetic  properties  similar  to  chloretone  aai 
brometone;  but,  since  it  is  so  slightly  soluble  in  water,  its  effect  doesod 
appear  for  several  hours,  and  therefore  it  cannot  be  used  to  advaotsge 
as  a  substitute  for  chloretone  for  indudng  general  anesthesia  in  aoiiD^ 
experiments.  On  accotmt  of  its  more  agreeable  odor,  it  might  be  vsti 
in  some  instances  to  advantage  in  place  of  chloretone.  The  toridtf 
of  the  acetyl  ester,  when  introduced  subcutaneously  into  guinea  ^ 
is  slightly  less  than  that  of  chloretone;  its  bacteriddal  effidency  was  00* 
tested. 

It  is  generally  accepted  that  the  esters  of  the  tertiary  alcohoK  ^ 
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heating  alone  above  their  boiling  point  in  a  sealed  tube,  are  decomposed 
into  acids  and  unsaturated  hydrocarbons,^  and  we  might  expect  a  similar 
behavior  in  the  case  of  acetyl-trichloro-tertiary-butyl-alcohol  when  heated 
similarly.  The  decomposition  products  of  acetyl  chloretone  when  heated 
alone  were  not  determined,  but  with  water  or  acids  it  gave  rise,  in 
part  as  far  as  could  be  observed,  to  chloretone  without  the  above  decom- 
position. 
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THE  SYNTHESIS  OF  CERTAIN  SUBSTITUTED  SYRINGIC  ACIDS. 

By  MAmsTON  TAyi,OR  Boobbt  and  Edward  Pi«aut.* 
Received  October  14,  1915, 

Introductory. 

Over  a  century  ago,  Braconnot'  imdertook  an  examination  of  various 
plants  with  particular  reference  to  the  acids  they  contained.  Among 
the  plants  studied  was  the  common  lilac  {Syringa  vulgaris),  and  he  called 
attention  to  the  presence  therein  of  a  bitter  substance,  precipitable  by 
basic  lead  acetate,  the  nature  of  which  was  not  determined. 

Since  this  early  research,  various  chemists  have  made  the  lilac  the  sub- 
ject of  their  investigations.  In  1823,  Robinet  and  Petroz*  examined 
the  seeds  and  capsules,  and  found  therein  a  saccharin  principle,  later 
shown  to  be  mannite,^  and  a  bitter  principle;  but  failed  to  isolate  the 
latter  in  sufficient  amount  or  purity  to  determine  its  nature. 

Fifteen  years  later,  Favrot*  recovered  an  oil  frofn  the  flowers. 

In  1 84 1,  Bemays^  obtained  from  the  bark,  and  also  from  the  leaves 
and  green  twigs,  a  crystalline  substance  which  he  believed  to  be  analogous 
to  salicin  and  phloridzin  and  therefore  termed  **s3rringin."  At  about 
the  same  time,  Meillet'  reported  the  discovery,  in  the  leaves  and  green 
seed  capsules,  of  a  crystalline  substance  which  he  designated  "liladne." 
Bemays*  article  appeared  in  abstract  in  Liebig's  Annalen'  under  the 


^  Lassar-Cohn,    Arbeits  methoden/'  3d.  ed.,  p.  1152. 

'  The  experimental  work  upon  which  this  paper  is  based  was  submitted  by  Mr. 
Bdward  Plant  in  partial  fulfilment  of  the  requirements  for  the  degree  of  Doctor  of 
Philosophy  under  the  Faculty  of  Pure  Science  of  Columbia  University. 

•  Ann.  chitn.  pkys.,  70,  281-5  (1809). 

•  J.  Pharm.,  9,  474  (1823);  10,  I39~57  (1824). 

•  Ludwig,  Archiv,  Pharm.,  [2]  91,  289-96  (1857);  Kromayer,  Ibid.,  Z09,  18,  216 
<i862). 

•  /.  chim.  fHed.,  14,  212  (1838). 

^  Buchner's  Repert.  d.  Pharm.,  [2]  24,  349  (1841);  /.  pharm.  chim.,  [3]  i|  27  (1842). 

•  /.  pharm.  chim.,  [3]  i,  25  (1842). 

•  Ann.,  40,  320  (1841). 
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heading  'Xiladn/'  and  in  Erdmann's  Journal^  under  the  captioa  "Synh 

*    tt 
gin. 

It  appears  to  have  been  first  suggested  by  Reinsch^  that  syring^i  v» 
identical  with  the  '*ligustrin"  discovered  by  Polex'  in  the  bark  d  tift 
privet  {Ligusirum  vulgare);  and  this  surmise  was  later  shown  to  be  OQr« 
rect  by  the  work  of  Kromayer.^  It  is  of  interest  to  note  that,  ia  the  case 
of  the  privet  also,  the  syringin  (ligustrin)  is  accompanied  by  mannhe.^ 
Kromayer  also  discovered  that  syringin  could  be  hydrolyzed  tq  glucose 
and  "syringenin/'  Further,  he  observed  in  the  leaves  and  half-ripe 
fruit  of  the  lilac  a  noncrystalline  bitter  substance,  "syringopikrin,"  yrioA. 
likewise  appears  to  be  a-glucoside. 

Following  Kromayer's  investigations,  Koemer*  took  up  the  study  of 
syringin.  His  analyses  established  its  empirical  compositioD  ai 
Ci7H240»  +  H2O,  and  therefore  that  of  syringenin  as  CuHuO^*  Oxi- 
dation with  potassium  permanganate,  converted  syringin  into  ^ucosyriogiD 
add  which,  on  hydrolysis,  yielded  glucose  and  "syringic  add."  After  a 
careful  study  of  the  latter  add  and  various  of  its  derivatives,  Koeroer 
conduded  that  it  must  possess  Formula  I,  and  that  syringin  is  tberefoir 
the  glucoside  of  an  alcohol  of  Formula  II  (sinapinic  alcohol) : 

OH  OH 


COOH  CH  :  CH.CHiOH 

(I).  (11). 

Subsequent  work  by  other  investigators  has  fully  corroborated  these 
deductions.' 

The  researches  of  Power^  indicate  that  syringin,  and  possibly  aha 
glucosyringic  acid,  are  present  in  the  bark  of  Robinia  pseudacacia. 

In  addition  to  syringic  add  itsdf >  its  barium,  zinc*  and  copper  salts^ 
and  its  methyl  ester,  sundry  derivatives  and  condensation  produds 
are  mentioned  ia  the  literature. 

*  J.  prakt.  Ckem.,  [i]  25,  121  (1842). 

*  Jahrb.  prakt.  Pharm.,  16,  389-93  (1848). 

•  Archiv.  Pharm.,  [2]  17,  75-8  (1839). 

*  Ibid.,  [2]  109,  18,  216  (1862);  113,  19  (1863). 
•Kromayer,  Archiv.  Pharm.,  [2]  101,  281-4  (i860). 

•  Gasz.  chint.  ital.,  x8,  209-19  (1888). 

^  Gadamer,  Ber„  30,  2330  (1897);  Archiv,  Pharm.,  235,  570  (1897);  Graebe  a«* 
Martz,  Ber,,  36,  216,  1031  (1903);  Ann.,  340,  220  (1905);  Graebe  and  Hess,  i«r 
340»  235  (1905);  Mauthner,  J.  prakt.  Chem.,  [2]  83,  271  (1910);  84,  142  (1911);  Anu 
395»  273  (1913);  J-  prakt.  Ckem.,  [2]  91,  179  (1915);  Bogert  and  Isham,  Tms Jocisal,- 
36,519  (19^5);  etal. 

•  Pharm.  J.,  1901,  275. 
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As  yet,  nothing  appears  to  have  been  done  in  the  direction  of  pre- 
paring and  studying  the  substitution  products  of  this  interesting  acid. 
We  have  thought  it  desirable,  therefore,  to  undertake  an  investigation 
.along  these  lines,  not  only  because  of  our  ignorance  of  such  substances, 
the  accessibility  of  the  initial  material,  and  the  occurrence  of  syringic 
•compounds  in  nature;  but  also  in  the  hope  that  it  might  open  a  way 
to  the  synthesis  of  other  natural  products  or  of  compounds  closely  allied 
to  them. 

The  subjoined  experiments  represent  the  beginning  of  this  work,  and 
.may  be  summarized  as  follows: 

Sjrringic  acid,  prepared  from  trimethylgallic  add  by  the  method  of 
Bogert  and  Isham,^  was  changed  to  its  methyl  ester  and  the  acetyl  deriva- 
tive prepared  from  the  latter. 

From  methyl  syringate  were  obtained  also  the  monobromo  and  mono* 
nitro  derivatives,  by  reduction  of  the  latter  the  corresponding  amino 
•derivative,  and  from  the  amino  the  hydroxy  S3rringic  acid  (2,4-dihydroxy- 
3,5-dimethoxybenzoic  acid).  The  bromo  and  nitro  syringic  derivatives 
•were  also  produced  by  partial  demethylation  of  the  corresponding  tri- 
methylgalUc  compounds: 

I ►  (CH,0)i(HO)C«HBr.COOR  -< —  (CH,0),C6HBr.COOR 

i(CH,0)i(HO)C«H,.COOR 

' >  (CH,0),(HO)C«H(NOf)COOR  < —  (CH,0),C«H(NOi)COOR 

(CHK»4(HO)C«H(NH,)COOR 

(CH,0),(HO),CfH.COOH 

'Methyl  bromotrimethylgallate  is  recorded  in  the  literature'  as  an  oil, 
'boiling  at  202^  under  a  pressure  of  16  mm.  We  have  succeeded  in  ob- 
taining it  as  a  colorless  crystalline  solid,  melting  at  90^,  and  in  improving 
the  method  of  producing  it. 

By  the  action  of  nitric  acid  upon  free  syringic  acid,  the  hitherto  un- 
loiown  3,4-dinitrop)rrogallol-2,6-dimethyl  ether  was  secured. 

Diacetyl  derivatives  of  both  the  amino  and  hydroxy  S3rringic  acid  were 
jyrepared  and  studied. 

The  work  is  being  continued;  particularly  along  lines  leading  to  the 
-production  of  the  apionol  ethers,  and  to  the  various  condensation  products 
•obtainable  from  the  amino  and  hydroxy  syringic  acids,  since  one  of  these 
Hatter  acids  is  of  anthranilic  and  the  other  of  salicylic  type. 

Experimental. 
I.  Trimethylgallic  Derivatives. 

.lilethyl  Trimethylgallatey  (CH30)8C6H2.COOCH8,  was  prepared  from 

*  Loc.  cit. 
-*  Hamburg,  Manatsh.,  19,  596  (1898). 
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trimethylgallic  acid,  methyl  alcohol  and  dry  hydrogen  chloride,  as  (k- 
scribed  by  Bogert  and  Isham.^  As  first  recorded  by  Powers  and  Moqr,^ 
it  melts  at  84^  (corr.)  and  is  volatile  with  steam. 

Methyl  Bromotrimethylgallate,  (CHsO)iC«HBr.COOCHs  has  bea 
prepared  by  Hamburg'  by  the  action  of  bromine  upon  methyl  trimediyl* 
gallate  in  carbon  tetrachloride  solution,  as  an  oil,  bi«  202^,  as  mentiooed 
above.  On  repeating  Hamburg's  process,  oiu*  results  were  similar,  the 
product  being  a  pale  yellow  oil.  We  have  succeeded,  however,  in  bnng* 
ing  this  oil  to  crystallization  and,  on  recrystallization  from  ether,  obtaioed 
it  in  practically  colorless  prismatic  cr3rstals,  melting  at  90^  (corr.). 

More  satisfactory  results  were  realized  by  carrying  out  the  broonitt- 
tion  in  acetic  anhydride  solution.  Ten  grams  of  methyl  trimethylgaOate 
were  dissolved  in  60  g.  acetic  anhydride,  the  flask  placed  in  a  freeang 
mixtiu'e  and  a  solution  of  13  g.  bromine  in  60  cc.  acetic  anhydride  nm 
in  gradually  with  constant  stirring.^  The  reaction  was  allowed  to  coo- 
tinue  for  24  hotu^,  after  which  the  acetic  anhydride  was  removed  by  dis- 
tillation under  reduced  pressure  and  the  residue  crystallized  from  ether. 
Nearly  colorless  crystals  resulted,  melting  at  90^  (corr^). 

Subs.  0.4942,  0.1850:  AgBr,  0.2849;  COt,  0.2951;  HtO,  0^0719.  Cak.  far 
CiiHuOiBr:  Br,  26.22;  C,  43.29;  H,  4.26.    Pound:  Br,  26.27;  C,  43.51;  H,  4.32. 

A  cryoscopic  molecular  weight  determination  in  benzene  solution,  gave  the  fifve 
309,  while  that  calculated  is  305. 

Methyl  Nitrotrimethylgallate,  (CH30)3CetH(NO,).COOCH«.--Schiifcr.» 
Thomas  and  Siebeling,^  and  Harding,'  have  shown  that  the  nitratioo 
of  free  trimethylgallic  acid  by  nitric  acid  alone,  or  in  the  presence  of  ac^ 
add,  results  mainly  in  the  displacement  of  the  carboxyl  by  the  nitro 
group,  with  fonnation  of  5-nitn>  and  5.6-dmitropyrogaUol  trimetb;! 
ethers,  together  with  but  small  amounts  of  nitrotrimethylgaUic  add. 
In  our  own  experiments  upon  trimethylgaUic  acid  with  nitric  add,  in 
acetic  acid  solution,  the  dinitropyrogallol  trimethyl  ether  proved  to  be 
the  chief  product.    This  ether  melts  at  118.4*^  (corr.). 

Schi£Fer  records  that  on  nitrating  ethyl  triethylgallate  with  nitric  add, 
in  glacial  acetic  solution,  he  obtained  the  corresponding  mononitro  deriva- 
tive  in  fine  needles,  m.  p.  104°;  but  that  the  action  of  nitric  acid  akoe 
upon  this,  even  in  the  cold,  tended  to  change  it  to  dinitropyrogallol  tri- 
ethyl  ether. 

•  This  Journal,  36,  518  (1914). 

'  /.  Chem.  Soc,,  95,  254  (1909);  see  also  Bogert  and  Isham,  Loc,  cU» 

•  Loc.  cit. 

4  In  all  halogenations  involving  the  use  of  free  halogens  in  acetic  anhydride  soin* 
tion,  the  unprotected  hand  should  never  be  exposed  over  the  surface  of  the  miitiii^ 
or  serious  poisoning  may  result.     C2ompare  Bogert,  This  Joukmal,  a9i  239  (1907)- 

•  Ber.,  35,  721  {1892). 
*Ibid.,  44f  2115  (1911). 

^  /.  Chem.  Soc.,  99,  1585  (191 1). 
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by  neutralization  with  sodium  carbonate  solution  and  eztractioii  wA 
ether.    The  purified  ester  melted  at  41**  (corr.). 

n.  Syringic  Derivatives. 

Syringic  Acid,  (CH,0)2(3,5)(HO)(4)C«H,.COOH(i).— The  syringic 
acid  used  in  the  following  experiments  was  prepared  from  trimethylgaffic 
acid  and  fuming  sulfuric  add,  by  the  method  of  Bogert  and  Isham,^ 
which  gives  large  yields  readily  and  rapidly.  The  yield  of  pure  add 
occasionally  ran  as  high  as  98%,  and  actually  averaged  about  92%  te 
something  over  50  experiments. 

The  purified  product  formed  colorless  crystals,  melting  at  204**  (car.), 
in  agreement  with  that  fotmd  by  Graebe  and  Martz,'  and  by  B<^ 
and  Isham;^  and  was  soluble  in  chloroform,  ether,  alcohol,  or  hot  ifater; 
difficultly  soluble  in  cold  water.  With  ferric  chloride  solution,  it  gave  a 
reddish  brown  coloration,  as  observed  by  Power*  and  by  Graebe  and 
Martz.*  At  high  temperatures,  the  add  lost  COj,  giving  i,3-dimcthyl- 
pyrogallol;*  and,  on  oxidation  with  sodium  chromate  and  dilute  sulfuric 
acid,  yidded  3,5-dimethoxyquinone.* 

Subs.  0.2010:  COi,  0.4024;  HiO,  0.0949.    Calc.  for  C»Hi«Oi:  C,  54.54;  H,  iJOi. 
Pound:  C,  54-59;  H,  5.22. 

The  preparation  method  of  Graebe  and  Martz^  was  also  tried,  boiluig 
the  trimethylgallic  acid  with  excess  of  concentrated  hydrobromic  add 
(48%  aqueous  acid),  but  proved  much  less  satisfactory,  as  it  requires 
more  time  and  does  not  give  quite  as  good  yidds. 

The  Methyl  Ester  was  prepared  by  the  action  of  dry  hydrogen  chloride 
upon  a  methyl  alcohol  solution  of  the  add,  as  described  by  Bogert  and 
Isham,^  and  mdted  83-4°  (corr.)  in  the  hydrated  form,  and  at  106-7* 
(corr.)  in  the  anhydrous  state.^    It  is  volatile  with  steam. 

The  Ethyl  Ester,  prepared  in  similar  manner,  separated  from  dihite 
alcohol  in  colorless  crystals,  m.  p.  55.8^  (corr.) ;  soluble  in  alcohol  or  ether, 
difficultly  soluble  in  water.    Yidd,  85%. 

Subs.  0.3322:  COi,  0.7145;  H|0,  0.1855.    Calc.  for  CuHmOb:  C,  58^0;  H,  6.1^ 
Found:  C»  58.49;  H,  6.ai. 

Isoamyl  Ester. — In  the  preparation  of  this,  concentrated  sulfuric  add 
was  used  as  the  condensing  agent,  and  the  excess  of  the  alcohol  was  ic* 
nfoved  by  distillation  under  reduced  pressure.    The  crude  product  was 

*  Loc.  cU. 

*  Ann.,  340,  220  (1905). 

*  Pharm.  /.,  Z90i»  275. 

*  Ber.,  36,  216  (1903). 

*  Koerner,  Gasz.  chim,  ikU.,  z8,  209  (1888);  Graebe  and  Hess,  Aim.,  340,  33s 

(1905). 

*  Gadamer,  Ber,,  30,  2330  (1897);  Graebe  and  Martz,  Ann.,  340,  220  (1905}; 
Bogert  and  Isham,  Loc.  cU. 

'  Graebe  and  Martz,  Loc.  cU.;  Bogert  and  Isham,  Loc.  cit. 
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crystallized  from  ethyl  alcohol  to  constant  m.  p.,  and  then  formed  fine, 
colorless  needles,  m.  p.  loi**  (corr.). 

Subs.  0.2441:  COi,  0.5634;  HiO,  0.1537.    Calc.  for  CiAvOt:  C,  62.6S;  H,  7.46. 
Found:  C,  62.95;  H,  7.01. 

Mcfliyl  Acetylsyringate,  (CH,0)2(CH3COO)C«H,.COOCHa.— Five  g. 
methyl  syringate  dissolved  in  15  g.  acetic  anhydride  with  decided  rise 
of  temperature.  On  standing  24  hours,  some  crystals  separated.  These 
were  removed  and  an  additional  crop  obtained  from  the  mother  liquor 
by  dilution  with  water  and  warming.  The  crude  product  was  purified 
by  crystallization  from  alcohol,  and  then  appeared  in  colorless  crystals, 
m.  p.  129^  (corr.),  soluble  in  alcohol,  ether,  or  acetic  anhydride  (moder- 
ately), and  practically  insoluble  in  water.    Yield  over  95%. 

Subs.  0.2136:  COi,  0.4284;  HiO,  0.1172.    Gale,  for  CiiHuOt:  C,  52.17;  H,  6.08 
Pound:  C,  52.24;  H,  6.1. 

Methyl  Bromosyringate,  (CH,0)2(HO)C6HBr.COOCHt.  —  Attempts 
to  brominate  syringic  acid  directly,  in  various  solvents,  proved  unsatis- 
factory. The  same  was  true  when  an  effort  was  made  to  brominate 
methyl  syringate  in  alcohol,  ether,  chloroform  or  carbon  disulfide  solution. 
On  the  other  hand,  when  the  methyl  ester  was  used  in  acetic  anhydride 
solution,*  the  reaction  proceeded  much  more  smoothly. 

Ten  g.  of  the  ester,  dissolved  in  100  cc.  of  acetic  anhydride^were  cooled 
to  o**  and  treated  gradually,  with  constant  stirring,  with  12  g.  bromine 
dissolved  in  60  cc.  of  the  anhydride.  After  standing  overnight,  the 
excess  of  anhydride  was  distilled  off  under  diminished  pressure,  the  residue 
taken  up  with  ether,  the  ether  solution  filtered,  the  solvent  driven  off, 
and  the  residue  crystallized  from  dilute  alcohol.  Colorless  crystals 
were  obtained,  m.  p.  89^  (corr.);  soluble  in  alcohol,  ether  or  benzene, 
practically  insoluble  in  cold  water. 

Subs.    o.5335#    0.2036:    AgBr,    0.3360;    COj,    0.3054;    bjO,   0.0712.     Calc.    for 
Cx»HuO»Br:  Br,  27.48;  C,  41.23;  H,  3.78.    Found:  Br,  27.44;  C,  40.91;  H,  3.88. 

The  same  substance  was  prepared  by  the  Graebe  and  Martz  method, 
heating  the  methyl  bromotrimethylgallate  with  concentrated  (48%) 
hydrobromic  acid.  The  yield  by  this  method  was  40%,  and  the  m.  p. 
of  the  purified  product  89**  (corr.).  A  mixture  of  this  substance  with 
that  obtained  by  the  direct  bromination  method  showed  no  change  in 
the  melting  point. 

The  substitution  of  fuming  sulfuric  acid  for  hydrobromic  in  the  above 
method  of  preparation  proved  unsatisfactory,  since  it  caused  too  much 
decomposition  and  carbonization. 

Probably  for  similar  reasons,  an  attempt  to  apply  the  Juvalta  process^ 
to  trimethylgallic  acid  was  a  failiu-e.  As  fuming  sulfuric  acid  converts 
trimethylgallic  add  smoothly  into  S3aingic,  it  was  thought  that  it  might 
*  D.  R-  P.  50,  177,  Friedldnder,  3,  93;  Rupp,  Ber.,  29,  1625-34  (1896}. 
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be  possible  to  obtain  highly  halogenated  syringic  adds  by  this  process; 
but  the  treatment  was  evidently  too  severe  and  decompositioii  ensued 

34-PinitropyrogaUol-a,6-dimethyl  Ether,  (CHtO)i(2,6)(HO)(i)C«H- 
(N02)2(3»4). — As  has  aheady  been  pointed  out,  the  direct  action  of  nitnc 
acid  upon  trimethylgallic  add  gives,  as  the  main  product,  the  dimin)- 
pyrogallol  trimethyl  ether. 

In  the  case  of  syringic  acid,  the  action  of  nitric  add  causes  an  entire^ 
analogous  change,  the  diief  product  of  the  reaction  being  3,4-dinitn>- 
P3rrogallol-2,6-dimethyl  ether.  The  nitration  was  carried  out  by  dis- 
solving the  S3rringic  add  in  glacial  acetic  add,  cooling  the  solution  in  a 
freezing  mixture,  adding  concentrated  nitric  add  gradually  with  stirring, 
allowing  the  mixture  to  stand  for  several  hours,  and  then  predpitatiog 
by  dilution  with  water*  On  purification,  the  ether  was  secured  in  pole 
yellow  crystals,  m.  p.  154^  (corr.)i  soluble  in  various  organic  sdvoits 
or  in  caustic  alkaU  solutions,  but  essentially  insoluble  in  water. 

Subs.  o;3i65:  COk,  0.4758;  H«0,  0.1022.    Calc.  for  CiHgOfNa:  C.  4iJ0t;  H, 
3.41.    Found;  C,  41.0;  H,  3.37.    Nitrogen  found,  8.32;  calc,  8.0. 

Mote  or  less  yellowish  tar  is  apt  to  be  formed  in  all  these  nitxatioD 
reactions. 

Methyl  Nitrosssincate,  (CHtO)s(HO)CiiH(NOs)COOCHs.-^E]gbteea 
grams  of  methyl  syringate  were  dissolved  in  100  cc.  of  acetic  anhydride,  and 
the  solution  cooled  to  — 5^  in  a  freezing  mixttu-e.  To  this  were  added, 
slowly  and  with  constant  stirring,  18  cc.  of  concentrated  nitric  add  eoataio- 
ing  a  little  fuming  add,  maintaining  the  temperature  bdow  o^  throiag^ioiit 
the  operation.  On  standing  in  the  ice  box  overnight^  the  reddish  sohitioD 
became  yellow.  Alcohol  was  then  added,  to  convert  the  excess  of  an- 
hydride into  acetate,  and  the  solution  distilled  under  reduced  pressure. 
The  thick  oily  residue  was  potued,  with  constant  stirring,  into  500  cc  d 
water.  Most  of  the  nitro  ester  separated  in  flocculent  form,  rose  to 
the  top  of  the  solution,  and  was  filtered  off.  That  which  remained  ad- 
hering to  the  sides  of  the  distilling  fiask  was  dissolved  out  with  hot  alco- 
hol. The  aqueous  filtrate  from  the  predpitated  nitro  ester  was  ooooes- 
trated,  the  alcoholic  washings  from  the  fiask  added,  the  mixture  bailed 
for  a  short  time,  poured  hot  into  250  cc.  of  water  and  the  solution  saturated 
with  salt.  The  rest  of  the  nitro  ester  then  separated  and  was  filtered 
off.    Neutralization  with  sodium  carbonate  was  not  found 

Recrystallized  from  dry  benzene  or  from  absolute  alcohol,  the 

substance  appeared  in  pale  yellow,  transparent  crystals,  m.  p.  68.3^  (corr,). 

Yield,  75  to  80%. 

Subs.  0.2348:  COs,  0.4031;  HsO»  0.0914.     Calc  for  GitHuOrN:  C,  46.69;  tL 
4.28.    Found:  C,  46.82;  H,  4.33.    Nitrogen  found,  5.53;  calc,  5.47. 

The  same  product  was  obtained  by  heating  methyl  nitrotrimethylgalfailK 
with  concentrated  (48%)  hydrobromic  add.     It  mdted  at  68®  (corr.V 
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and  no  material  change  in  the  m.  p.  occurred  when  this  product  was  mixed 
with  some  of  that  from  the  direct  nitration  method.  The  yield  by  this 
HBr  method  was  about  30%. 

As  already  noted,  the  action  of  nitric  add  alone,  or  in  the  presence  of 
acetic  add,  upon  methyl  syringate,  results  in  the  formation  of  considerable 
yellowish  tar  and  but  small  yidds  of  the  nitro  ester. 

The  Ethyl  Ester,  prepared  in  an  analogous  manner,  crystallizes  from 
ligroin  in  nearly  colorless,  silky  needles,  m.  p.  74^  (corr.) ;  soluble  in  alcohol, 
ether,  ligroin  or  benzene;  and  practically  insoluble  in  water. 

Subs.  0.31 12:  COip  0.5485;  HsO,  0.1344.    Calc.  for  CuHuOrN:  0,48.70;  H,4.76. 
Found:  C,  48.66;  H,  4.80. 

Methyl  Aminosyringate,  (CHaO)2(HO)CcH(NHa)COOCH,.— Ten  grams 
methyl  nitrosyringate  were  moistened  with  alcohol,  and  15  g.  purified 
tin  and  50  cc.  concentrated  (33%)  hydrochloric  add  added.  The  flask 
containing  the  mixttu^  was  immersed  in  cold  water  until  the  initial  vigorous 
reaction  had  somewhat  abated,  after  which  the  reduction  was  completed 
by  heating  at  100°  until  the  tin  was  all  dissolved.  On  cooling,  the  double 
tin  salt  of  the  amino  ester  separated  in  pale  yellow  crystals  which  were 
filtered  out,  washed,  suspended  in  dilute  hydrochloric  add,  and  de-tinned 
by  a  current  of  hydrogen  sulfide.  The  filtrate  from  the  tin  sidfide  was 
<x>ncentrated  tmder  reduced  presstu^,  and  the  concentrated  solution  placed 
in  a  desiccator  over  sulfuric  add  Colorless  needles  of  the  amino  ester 
hydrochloride  separated,  m.  192^  (corr.);  soluble  in  water,  but  practically 
insoluble  in  neutral  organic  solvents. 

The  free  amino  ester  was  recovered  from  its  hydrochloride  by  (i) 
repeatedly  boiling  down  its  aqueous  solution,  the  hydrochloric  add  dis- 
tilling off  with  the  steam,  and  water  being  added  from  time  to  time; 
(2)  by  neutralizing  its  aqueous  solution  with  sodium  carbonate  and  ex- 
tracting with  ether;  or  (3),  best,  by  predpitating  the  aqueous  solution 
of  the  hydrochloride  with  ammonium  hydroxide  solution,  the  amino 
ester  separating  as  a  colorless  precipitate,  easily  filtered  out  and  dried. 
Exx)osed  to  light  and  air,  it  first  turns  yellow  and  then  gradually  browns. 
Yield,  65%.  Recrystallized  from  dilute  alcohol,  in  the  dark,  colorless 
CTj^tals  were  secured,  m.  no**  (corr.). 

Calc.  for  CioHisOiN:  C,  52.9;  H,  5.7;  N,  6.35.    Found:  C,  53.9;  H,  5.98;  N,  6.16. 

Diacetyl  Derivative. — In  the  first  experiment,  3  g.  of  methyl  amino- 
syringate hydrochloride  were  dissolved  with  1.5  g.  fused  sodimn  acetate 
in  15  cc.  acetic  anhydride  and  5  cc.  glacial  acetic  acid,  and  the  mixture 
left  overnight.  Water  (50  cc.)  was  then  added,  and  the  mixture  warmed 
for  a  few  minutes  on  the  water  bath.  This  caused  it  to  doud,  and  upon 
cooling  colorless  crystals  separated,  which  were  filtered  out  and  puri- 
fied by  recrystallization  from  ethyl  acetate. 

In  the  second  experiment,  3  g.  of  methyl  aminosyringate  were  warmed 
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with  15  cc.  of  acetic  anhydride  and  0.5  g.  fused  sodium  acetate,  and  tk 
solution  set  aside  overnight.  Water  (100  cc.)  was  then  added,  and  tk 
mixture  warmed  for  a  few  minutes  on  the  water  bath.  The  sohition  be- 
came cloudy,  but  settled  well  upon  the  addition  of  a  little  more  sodmm 
acetate.  The  separated  crystals  were  filtered  out,  dried,  and  lecrystaffiKd 
from  alcohol.    Yield,  4.7  g. 

The  pure  substance  forms  large,  colorless  crystals,  m.  p.  139.9*  (con*.); 
soluble  in  alcohol  or  ether. 

Better  3rields  were  realized  from  the  free  amino  ester  than  firooi  its 
hydrochloride. 

Subs.  0.2050:  COt,  0.4042;  HfO.  0.1034.    Calc.  for  CiiHuOrN:  C,  54^01;  H. 
5.46.    Found:  C,  54.00;  H,  5.61. 

2»4-Dihydrozy-395-dimethoxybenzoic  Acid,  (2|3,4i5-TetrahydroiT-beD- 
zoic  Acid  3,5-Dimethyl  Ether),  (CH80)2(HO)2CeH.COOH.— Five  grams 
of  methyl  aminosyringate  hydrochloride  were  dissolved  in  a  mixture 
of  10  g.  concentrated  sulfuric  acid  and  50  cc.  water,  and  the  solutioD 
diazotized  by  the  addition  of  10  g.  sodium  nitrite  dissolved  in  50  cc 
water.  The  reaction  was  completed  by  heating  for  two  hours  at  100*. 
As  the  solution  was  then  yellow  and  slightly  cloudy,  it  was  coagulated 
by  the  addition  of  a  little  acetic  acid,  and  the  precipitate  filtered  out 
and  dried  at  104-8^.  The  product  was  soluble  in  alcohol  or  benzene 
and,  when  pmified,  formed  pale  yellow  crystals,  melting  with  decomposi- 
tion at  165^.  Yield,  80%.  The  addition  of  ferric  chloride  to  its  scdutioii 
colors  it  a  rich  brown. 

Calc.  for  CiHioOc:  C,  50.5;  H,  4.7.    Fotmd:  C,  50.61;  H,  4.69. 

When  the  nitrite  solution  was  added  directly  to  the  aqueous  sohitiQi 
of  the  amino  ester  hydrochloride,  in  absence  of  sulfuric  acid,  a  rich  rti 
precipitate  was  formed,  the  nature  of  which  has  not  yet  been  determioed. 

What  is  apparently  the  2,5-dimethyl  ether  of  2,3,4,5-tetrahydnay- 
benzoic  acid  has  been  prepared  by  Bartolotti^  by  the  fusion  of  apioik 
acid  with  potassium  hydroxide.  He  describes  it  as  a  crystalUne  soiid. 
melting  at  147-8^. 

The  following  preliminary  experiment  also  was  carried  out:  Some 
of  the  add  was  heated  for  40  minutes,  the  temperature  rising  finally  to 
220^.  Gas  was  evolved,  and  the  mass  ttuned  purplish.  The  crnde 
product  was  purified  by  crystallization  from  alcohol,  and  the  purified 
substance  shaken  with  sodium  hydroxide  solution  and  dimethyl  sulfate 
the  solution  boiled  for  a  short  time,  acidified,  the  precipitate  filtefoii 
out,  decolorized  by  boiling  with  boneblack  in  alcoholic  solution,  and 
recrystallized  from  the  same  solvent.  The  product  was  obtained  in 
colorless,  glassy  needles,  m.  p.  89°  (corr.);  soluble  in  alcohol,  ether  * 

'  Gatx.  ckim,  iUU,,  22, 1,  562  (1892). 
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benzene,  but  not  appreciably  soluble  in  water.  This  experiment  will 
be  repeated  with  larger  amotmts  as  soon  as  sufficient  initial  material  is 
available. 

An  apionol  dimethyl  ether  has  been  prepared  by  Ciamidan  and  Sil- 
ber^  by  heating  apioHc  acid  with  potassium  hydroxide  and  absolute 
alcohol.  They  describe  it  as  a  crystaUine  compotmd,  m.  p.  105-6^,  b. 
p.  298°;  soluble  in  hot  water,  in  alcohol,  ether,  benzene  or  alkalies.  The 
same  authors,^  by  fusing  dill  oil  apiolic  acid  with  potassium  hydroxide, 
obtained  an  isomeric  apionol  dimethyl  ether  as  a  liquid,  b.  p.  283^.  Both 
of  these  yield,  on  further  methylation,  tetramethyl  apionol,  as  a  crystal* 
Une  solid,  the  melting  point  of  which  is  given  by  Ciamidan  and  Silber 
as  81  **,  and  by  Boftris*  as  89°. 

It  will  be  seen  that  the  product  of  our  preliminary  experiment,  which 
should  be  the  tetramethyl  apionol,  agrees  in  its  mdting  point  with  that 
given  by  Bo&is  for  this  substance. 

Diacetyl  Derivative. — ^A  mixture  of  lo  g.  of  the  above  dihydroxy  add, 
30  cc.  acetic  anhydride  and  0.5  g.  fused  sodium  acetate,  was  heated  to 
boiling  for  a  short  time;  the  solution  was  then  cooled  and  a  dilute  solu- 
tion of  sodium  acetate  added.  Fine,  colorless  crystals  separated,  decom- 
posing at  162^;  soluble  in  alcohol,  but  practically  insoluble  in  water  or 
in  dilute  adds. 

Subs.  0.264:2:  COs,  0.5057;  HiO,  0.1 188.    Cak.  for  CuHuOt:  C,  52.34;  H,  4.69. 
Found:  C,  53.21;  H,  5.0. 

Summary  of  Results. 

1.  Methyl  bromotrimethylgallate  is  not  an  oil  when  pure,  as  stated 
in  the  literature,  but  a  colorless  crystalline  soUd,  m.  p.  90^  (corr.).  It 
can  be  most  conveniently  prepared  by  bromination  of  methyl  trimethyl- 
gallate  in  acetic  anhydride  solution,  at  low  temperattu'e. 

2.  The  following  new  derivatives  of  syringic  add  have  been  prepared 
and  studied;  ethyl  syringate,  isoamyl  S3rringate,  methyl  acetylsyringate, 
methyl  bromosyringate,  methyl  and  ethyl  nitrosyringates,  methyl  amino- 
S3rringate,  its  hydrochloride  and  diacetyl  derivative,  hydroxy  syringic 
add  (2,4-dihydroxy-3,5-dimethoxybenzoic  add)  and  its  diacetyl  deriva- 
tive. 

3.  The  action  of  heat  upon  the  hydroxy  syringic  add,  followed  by 
methylation,  appears  to  3deld  apionol  tetramethyl  ether. 

4.  The  chief  product  of  the  action  of  nitric  add  upon  S3rringic  add 
is  the  hitherto  unknown  3,4-dimtrop3rrogallol-2,6-dimethyl  ether. 

The  work  is  being  continued. 

N«w  York,  N.  Y. 

1  Ber.,  22,  119,  2482  (1889). 
« Ibid,,  29,  1807  (1896). 
» Ihid.,  29,  1808  (1896). 
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THE  PREPARATION  OF  MELIBIOSE. 

By  C  8.  HuiMKm  amd  T.  S.  HAmooio. 
Received  September  4,  1913. 

The  diffictilty  one  meets  in  obtaining  a  supply  of  melibiose  is  doubdes 
the  explanation  of  the  fact  that  this  rare  disaocharide  is  rather  sddom 
the  subject  of  scientific  investigation.  There  are  two  reasons  why  tk 
sugar  is  so  rare:  first,  the  only  known  source  for  it  is  the  trisancfaaride 
raffinose,  which  itself  has  been  somewhat  rare»  and,  second,  the  methods 
which  may  be  found  in  the  literature  for  preparing  melibiose  from  raffinoGe 
are  not  satisfactory  as  regards  the  3rield,  in  part  because  the  detaib  d 
procedure  are  not  specified  with  the  exactness  that  is  necessary  to  enable 
a  reader  to  repeat  an  author's  preparation  of  a  substance  which  crystal- 
lizes with  much  difficulty.  Being  in  need  recently  of  a  supply  of  mdihiose, 
we  worked  out  the  details  of  its  preparation  from  raffinose,  and  the  pn>- 
oedtu'e  which  we  recommend,  after  the  preparation  by  it  without  difficultj 
oi  nearly  a  kilogram  of  melibiose,  will  presently  be  described. 

The  Source. — ^As  mentioned,  raffinose  is  the  only  known  natural  somce 
for  melibiose.  Recently  we  have  described  in  detail  an  inexpensive 
method  for  the  preparation  of  raffinose  from  cottonseed  meal^  wlndi 
yields  about  4%  of  the  weight  of  the  meal  as  pure  crystalline  raffinose. 
This  quantity  is  approximately  half  the  raffinose  that  exists  in  the  meal 
Raffinose  can  now  be  prepared  with  certainty  and  at  little  expense  and 
it  should  no  longer  be  considered  a  rare  sugar.  For  the  preparation  of 
melibiose,  it  is  important  that  the  raffinose  be  pure;  it  should  be  colorless, 
of  correct  specific  rotation,  without  action  on  Pehling*s  solution,  and 
should  3aeld  less  than  0.1%  ash. 

Methods  of  Ban  and  of  Loiseau  for  Preparing  Crystalline  Mefibioae. 

— ^The  starting  point  of  these  methods  is  the  fermentation  of  raffinose 
by  top  yeast,  which  proceeds  as  follows: 

Ci8H«0i«  +  H2O  =  Ci,H»On  +  CJIuO, 

(raffinose)  (melibiose)        (fructose) 

The  yejist  splits  off  fructose  from  raffinose  and  converts  this  hexose  to 
carbon  dioxide  and  alcohol,  but  the  residual  melibiose  is  not  attacked 
by  top  yeast,  though  bottom  yeast  does  ferment  it.  After  the  fermenta- 
tion of  the  fructose  is  ended,  Bau^  decolorizes  the  solution  with  bone 
char,  precipitates  the  sugar  as  a  sirupy  phase  by  the  addition  of  alcobol 
and  ether,  converts  the  sugar  to  an  insoluble  compound  with  barxaoi  . 
hydroxide,  regenerates  the  sugar  by  decomposing  this  compound  with 

'  This  Journal,  36,  2  no  (1914). 

'  Wochschr.  Brau.,  i6,  397-400  (1899).     See  also  Chem.  Ztg.,  36,  69  (1902).  «■* 
Z.l^Ver,  D.  Zuckerind.,  41,  4S1  (1904). 
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carbon  dioxide  or  sulfuric  add  and  evaporates  the  filtrate,  an  aqueous 
solution  of  melibio^»  to  a  thick  sirup.  Alcohol  is  added  to  saturation, 
followed  by  ether,  and  the  solution  is  set  aside  to  crystallize  slowly.  Bau 
does  not  record  the  3deld.  Bau  has  also  prepared  melibiose  by  hydro- 
lyzing  raffinose  with  weak  acetic  acid  instead  of  with  yeast,  but  the  yield 
is  not  stated. 

Loiseau^  has  prepared  meUbiose  by  a  more  direct  method.  After  the 
fermentation  of  a  10-20%  solution  of  rafi&nose  with  top  yeast  is  com- 
pleted, the  liquid  is  heated,  neutralized,  filtered,  and  the  filtrate  evaporated 
to  a  sirup  of  about  30%  water  content,  which  very  slowly  crystallizes 
after  being  seeded  with  melibiose  crystals.  Loiseau  also  suggests  con- 
centrating the  filtrate  to  50%  water  content  only,  adding  95%  alcohol 
until  the  solution  is  of  about  70%  alcoholic  strength,  seeding  and  setting 
aside  at  15-20^  for  a  slow  crystallization.  Loiseau  does  not  record  the 
yields  of  melibiose  by  these  procedures,  but  in  our  opinion  they  could 
not  have  been  large,  because  the  sugar  was  crystallized  from  solutions 
which  contained  much  water. 

A  Rapid  Method  for  Preparing  Pure  Melibiose  from  Raflbiose. — ^We 
have  followed  the  main  lines  of  Loiseau's  method  and  in  the  following 
give  in  detail  the  description  of  a  procedure  by  which  we  have  uniformly 
obtained  yields  of  175-200  g.  of  melibiose  from  500  g.  of  raffinose. 

Five  hundred  grams  of  ptu'e  raffinose  were  dissolved  to  make  approxi- 
mately a  10%  aqueous  solution.  It  had  a  reading  of  +60^  Ventzke 
in  a  2  dcm.  tube.  From  the  specific  rotations  of  raffinose  (123^)  and 
melibiose  (143^),  and  the  mass  proportions  of  the  reaction  equation, 
it  was  calculated  that  the  scdution  would  have  a  reading  of  -f-47  ^  Ventzke 
after  fermentation  with  top  yeast.  About  10  g.  of  baker's  yeast  were 
added,  together  with  a  drop  or  two  of  glacial  acetic  add,  and  about  i  g. 
of  malt  sprouts  as  a  nitrogefiouS'  yeast  food.  Fermentation  pjroceeded 
at  room  temperatuiWb  T^a  optic^'rotatipn  .<rf  the  solution  was  observed 
at  intervals.  It  rapidly  fell  to  a  value  several  degrees  below  +47*, 
which  we  attribute  to  the  rapid  hydrolysis  of  raffinose  to  melibiose  and 
fmctose  by  the  enzyme  invertase  of  the  yeast.  Since  fructose  is  levoro- 
tatory  its  accumulation  in  the  solution  would  cause  a  drop  in  de^Etro- 
rotation  of  the  kind  observed.  As  the  fermentation  proceeded  the  rota- 
tion gradually  increased  axid  became  stationary  during  some  hours  ^t 
47-5  ^»  ^  value  slightly  above  the  end  poinL  This  peculiarity  seems 
to  be  due  to  the  rapid  removal  of  fructose  by  the  yeast  dtuing  the  veiry 
active  stage  of  fermentation,  because  if  it  is  fermented  about  as  rapidly 
as  it  is  produced  from  the  raffinose  (and  the  enzymotic  hydrolysis  be- 
comes slow  when  the  raffinose  concentration  becomes  small),  the  residual 
raffinose  would  cause  the  observed  excess  of  dextrorotation.    After  36-48 

^  Z.  Ver,  D.  Zuckerind.,  40,  1050  (1903). 
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hours  from  the  start,  fermentation  had  ceased  and  the  rotation  was  fooad 
to  be  within  0.2^  V.  (46.8^)  of  the  calculated  end  point.  The  solutioa 
was  then  cleared  with  a  slight  excess  of  basic  lead  acetate,  filtered  throng 
an  asbestos  layer  in  a  Bdchner  funnel,  the  excess  of  lead  in  the  filtrate 
precipitated  by  HsS,  a  quantity  (30-40  g.)  of  active  decolorizing  caihoo, 
such  as  "Eponit"  or  ''Norit,"  added,  and  the  solution  again  filtered.  The 
excess  of  HsS  was  removed  from  the  filtrate  with  an  air  current  and  the 
solution  boUed  under  reduced  pressure  to  a  sirup  of  approximately  20-25% 
water  content.  Alcohol  (95%)  was  then  added  just  below  the  point 
of  the  precipitation  of  a  sirupy  phase  and  some  crystals  of  melibiose 
were  stirred  in.  We  are  much  indebted  to  Prof.  J.  J.  Blanksma  for  a 
supply  of  these  crystals,  because  the  spontaneous  crystallization  of  mefi- 
biose  is  very  difiicult  to  accomplish.  After  standing  four  days  at  a  tem- 
perature near  freezing,  the  solution  had  crystallized  to  a  solid  mass.  The 
crystals  were  ground  in  a  mortar  with  75%  alcohol  at  room  temperature, 
filtered  on  a  Bdchner  funnel,  washed  first  with  75%  alcohol,  then  with 
95%,  and  afterwards  dried  in  a  desiccator.  The  melibiose  was  colorless 
and  gave  a  correct  value  for  its  specific  rotation,  considering  the  crystals 
as  CisHssOn.2H80.  It  could  be  recrystallized  without  difiiculty  by  dis- 
solving to  a  dilute  solution  in  water,  adding  decolorizing  carbon,  filtena^ 
boiling  under  reduced  presstu-e  to  a  thick  sirup,  adding  EtOH  (95%) 
to  saturation,  seeding  and  allowing  to  crystallize  at  room  temperatore. 
In  several  experiments  the  yield  has  ranged  between  175-200  g.,  as 
mentioned. 

WAmwoTow,  D.  C. 
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Recently^  we  described  the  preparation  and  properties  of  a  cfystaffine 
(/-fructose  pentacetate  obtained  by  the  action  of  acetic  anhydride  and 
sulfuric  acid  on  d-fructose.  We  have  made  different  attempts  to  convert 
this  fructose  pentacetate  into  the  other  theoretically  possible  isomeric 
form  by  heating  with  zinc  chloride  in  acetic  anhydride  solution,  bat  very 
little  change  in  specific  rotation  was  noticed  and  from  the  scdutioa  only 
the  original  substance  could  be  recovered.  On  the  other  hand,  the  acCm 
of  zinc  chloride  in  acetic  anhydride  solution  on  fructose  tetraceUUe  caused 
a  considerable  change  in  specific  rotation  and  it  seemed  that  an  isomeric 
fructose  tetracetate  might  be  obtained.  However,  the  crjrstaOioe  sob- 
1  Tms  JouRNAi.,  37i  1283  (1915). 
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stance  which  was  separated  after  the  rotation  had  become  constant 
proved  to  be  a  d-fructose  peniacetaie  different  from  the  d-fructose  pentace- 
tate  described  before.  Whereas  that  fructose  pentacetate  has  a  melting 
point  of  108®  and  a  n^ative  specific  rotation  [a]©  =*  — 120.9  (iii  chloro- 
form solution)  the  ne^fnictQ3Q  .pentacetate  has  a  melting  point  of  70^ 
and  rotates  positive  [aJo  =  +34-75  (iii  chloroform  solution).  This 
new  d-fructose  pentacetate  shows  the  same  stability  to  zinc  chloride  as 
the  other  fructose  pentacetate,  therefore  the  usual  method  for  establishing 
an  equilibrium  between  the  aldose  acetates  fails  in  this  case  of  ketose 
derivatives.  We  have  also  obtained  the  fructose  pentacetate  of  m.  p. 
108  **  from  fructose  tetracetate  by  the  action  of  sulfuric  acid  and  acetic 
anhydride,  showing  that  identical  ring  formation  exists  in  both  pentace- 
tates,  because  both  have  now  been  prepared  from  the  same  tetracetate. 
Therefore  we  woidd  name,  according  to  the  rule  previously  proposed/ 
d-fructose  pentacetate  of  m.  p.  70®  and  [a]i>  =  +34-75  the  alpha  form 
and  d-fructose  pentacetate  of  m.  p.  108°  and  [aji?  =  — 120.9  t'^c  beta 
form.  a-Pructose  pentacetate  was  also  obtained  directly  from  fructose 
by  the  action  of  zinc  chloride  in  acetic  anhydride  solution  and  also  by 
the  action  of  pyridine  in  acetic  anhydride  solution.  The  sirups  resulting 
from  these  reactions  crystallized  very  slowly  and  it  is  more  advantageous 
to  prepare  a-fructose  pentacetate  from  the  fructose  tetracetate,  especially 
as  we  have  found  an  easy  way  to  prepare  the  tetracetate  with  a  fairly 
good  yield.  Fructose  tetracetate  was  made  the  first  time  by  the  action 
of  acetyl  bromide  on  fructose  at  about  — 15^.^  The  yield  of  the  pure 
product  was  small  (about  5%)  and  prevented  the  further  investigation 
of  the  substance.  Lately  a  better  result  has  been  obtained  by  the  action 
of  a  solution  of  hydrogen  bromide  in  acetic  anhydride  (a  reagent  first 
used  by  J.  K.  Dale)'  on  fructose,  which  gave  a  yield  of  20%  of  the  theory, 
but  the  easiest  and  cheapest  way  found  is  the  action  of  a  solution  of  zinc 
chloride  in  acetic  anhydride  at  o^,  stopping  the  reaction  as  soon  as  the 
fructose  has  dissolved.  In  this  way  a  yield  of  30%  can  be  obtained.^ 
By  the  action  of  a  solution  of  hydrogen  bromide  in  acetic  acid  (a  reagent 
first  used  for  this  kind  of  reaction  by  £.  Fischer)^  on  /9-fructose  pentacetate, 
a  considerable  change  in  rotation  was  observed,  indicating  that  the  bromo- 
tetracetyl  fructose  was  formed.  By  working  up  the  sirupy  reaction 
product  in  the  usual  way,  tetracetyl  fructose  was  obtained,  evidently 
as  a  result  of  the  action  of  water  on  the  bromoacetyl  fructose.    The  action 

*  This  Journal,  31,  72  (1909). 

'  Bratios,  Verslag.  K.  Akad.  v.  Weiensch.,  Amsterdam,  1908,  p.  577. 
"  Tras  JouRNAi*,  37,  2745  (1915)- 

*  Starting  with  the  tetracetate  of  fructose,  we  have  recently  prepared  crystalline 
tetracetyl  methyl  fructoside.  Its  preparation  and  properties  will  be  described  in  a 
later  artide. 

*Ber.,  43,  2521  {1910). 
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of  acetyl  bromide  and  of  acetic  anhydride  and  HBr  on  fructose  probably 

also  forms  bromotetracetyl  fructose,  and  this  substance  reacts  with  the 

water  to  produce  fructose  tetracetate.    On  account  of  the  low  temperature 

at  which  these  reactions  have  to  be  carried  on,  the  rotations  of  the  sohitioos, 

which  might  furnish  further  evidence  on  this  point,  are  not  so  easy  to 

follow.    The  action  of  hydrogen  bromide  in  acetic  add  solution  on  a- 

fructose  pentacetate  did  not  give  any  change  in  rotatory  power  and  the 

original  a-fructose  pentacetate  was  recovered. 

The  following  scheme  gives  a  summary  of  the  different  reactions  stated 

itbove: 

'  X  AqK>  +  ZnCl,.  I 

y       >  o-Ftuctoae  pentacetate 
2  AciO  +  pyridine.  J  f 

(End  product, 
AciO  +  ZnOt.) 
I  Acetyl  bromide.  1 


^Fructoae- 


2  AciO  -f  HBr 

^  3  Intermediate  product, 
AcjO  +  ZnCU. 


Fructose  tetxaoetate 

t 
(AcOH  +  HBr, 

afterwards  water.) 


-AcdO  +  HsSO- 


(AciO  -f  H1SO4) 

>  /S-Fructoae  pentacetate. 


The  pure,  powdered  crystalline  fructose  which  was  used  for  the  readkBi 
must  be  regarded  as  the  /9-fructose,  as  the  initial  negative  specific  rotatioB 
of  about  — 140^  in  aqueous  solution  changes  towards  an  equilibrium  of 
about  — 90^.  The  action  of  zinc  chloride  in  acetic  anh3rdride  sohitioa 
on  /3-fructose  resulted  in  an  a-derivative  and  therefore  we  expected  that 
an  i»-  and  /S-fructose  tetracetate  would  be  the  intermediate  products. 
/9-PructoGe  pentacetate^  which  may  be  formed  as  a  by-product  in  this  re- 
action, cannot  be  one  of  the  intermediate  products  leading  up  to  o-fnictose 
pentacetate,  because  we  have  found,  as  stated  above,  that  j^-fnictoBe 
pentacetate  is  not  changed  by  a  solution  of  zinc  chloride  in  acetic  an- 
hydride. We  have  been  unable  to  separate  another  fructose  tetracetate 
from  this  reaction,  though  we  stopped  it  at  di£Ferent  stages.  .The  fonna- 
tion  of  the  known  fructose  tetracetate  from  jS-fructose  pentacetate  bf 
means  of  hydrogen  bromide  and  acetic  acid,  followed  by  the  action  of 
water,  is  an  indication  by  analogy  with  the  aldose  sugars  that  the  de- 
scribed fructose  tetracetate  is  a  /3-derivative.  Also  its  high  negative  ro- 
tation (about  — 91)  suggests  this  view. 

Experimental. 

Improved  Methods  for  the  Preparation  of  Fructose  Tetracetate.— 
Instead  of  acetyl  bromide,  acetic  anhydride  saturated  with  HBr  gas» 
the  reagent  recently  recommended  by  J.  K.  Dale,  was  used.    TUrtf 
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grams  of  pure  reciystallized  d-fructose  were  added  in  the  iorm  of  fine 
powder  to  150  cc.  of  reagent,  containing  per  xoo  g.  acetic  anhydride 
about  51  g.  hydrogen  bromide,  and  the  mixture  was  cooled  by  ice  water 
and  vigorously  stirred  by  a  motor  driven  glass  paddle.  After  an  hour 
nearly  all  the  fructose  had  dissolved.  The  reaction  product  was  vigorously 
shaken  with  400-500  cc.  ice  water  and  the  solution  stirred  for  a  couple 
of  hours  with  cooling,  in  order  to  convert  the  acetic  anhydride  into  acetic 
acid.  The  solution  was  neutralized  in  a  large  dish  with  sodium  bicarbo- 
nate, separated  from  the  excess  of  solid  bicarbonate  by  filtration  and  the 
residue  on  the  filter  washed  with  chloroform  to  dissolve  the  adhering 
acetylated  sugar.  The  filtrate  was  extracted  with  chloroform  for  the  same 
purpose.  The  chloroform  solutions  were  mixed,  dried  with  calcium 
chloride  and  distilled  in  vacuo  to  a  small  volume,  30-50  cc.  This  solution 
was  then  spread  in  a  thin  layer  on  a  flat  crystallizing  dish  and  a  strong 
current  of  air  was  passed  over  the  yellowish  fluid,  adding  occasionally 
some  ether.  The  separated  crystals  were  filtered  by  suction  and  the 
mother  liquor  put  aside  for  further  crystallization.  In  this  way  a  yield 
of  19-20%  of  fructose  tietracetate  was  obtained.  For  recrystallization, 
fructose  tetracetate  was  dissolved  in  boiling  absolute  alcohol  and  filtered. 
After  cooUng,  an  equal  amount  of  ether  was  added.  If  the  alcoholic  solu- 
tion was  yellow,  some  eponite  or  other  decolorizing  carbon  was  added 
before  filtering.  The  alcohol-ether  solution  was  allowed  to  evaporate 
in  a  beaker  in  the  air. 

The  easiest  and  cheapest  method  found  for  the  preparation  of  tetracetyl 
fructose  was  the  following :  One  hundred  grams  of  very  pure  recry  stallized 
{/-fructose  were  added  in  the  form  of  fine  powder  with  stirring  to  a  solution 
of  9  g.  zinc  chloride  in  500  cc.  acetic  anh3rdride  which  was  cooled  to  near 
o®  by  an  ice  bath.  When  the  reaction  started  a  considerable  amount 
of  heat  was  set  free  and  careful  cooling  according  to  need  with  ice  was 
required.  After  half  an  hour's  stirring  of  the  mixture,  the  ice  bath  was 
taken  away  and  the  cooUng  continued  during  the  next  half  hour  with  water 
at  about  -f  10^.  Afterward  the  stirring  was  continued  another  half 
hour  at  room  temperatiue  and  then,  without  further  standing,  the  sugar 
having  nearly  completely  dissolved,  an  equal  amount  of  cold  water  was 
added  and  the  stirring  continued  for  a  couple  of  hotu^  with  cooling  in 
order  to  convert  the  acetic  anhydride  into  acetic  acid.  The  reaction 
product  was  worked  up  as  described  above,  yielding  about  70  g.  of  fructose 
tetracetate  or  30%  of  the  theoretical. 

Methods  of  Preparation  and  Properties  of  cx-</-Fructo8e  Pentacetate. — 
Forty  grams  of  fructose  tetracetate  were  dissolved  in  600  cc.  acetic  an- 
hydride and  2  g.  zinc  chloride  in  small  pieces  were  added  and  dissolved 
by  shaking.  This  solution  of  fructose  tetracetate  in  acetic  anhydride 
had  a  negative  specific  rotation  of  — ^85.6°,  which  changed  after  the 
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addition  of  the  ZnClt  and  24  hoturs'  standing  at  room  temperature  to 
the  constant  value  +9*5-  The  solution  was  diluted  with  an  equal  amount 
of  cold  water  and  stirred  for  a  couple  of  hours  with  cooling  in  order  to 
convert  the  excess  of  acetic  anhydride  to  acetic  add.  This  solution 
was  worked  up  as  described  before  and  it  gave  a  sirup  which,  after  the  ad- 
dition of  a  small  amount  of  absolute  alcohol  and  occasional  stirrings  crystal- 
lized. The  crystals  were  separated  by  suction,  3aelding  about  36  g.  of 
a  fairly  pure  product.  This  was  recrystalUzed  by  dissolving  in  a  small 
amotmt  of  chloroform,  filtering  and  evaporating  the  chloroform  solution 
with  a  dry  cturent  of  air  to  a  thick  sirup  and  adding  a  small  amount  of 
absolute  alcohol.  By  rubbing  the  walls  of  the  vessel  with  a  glass  nxi 
crystallization  was  induced.  A  second  recrystallization  did  not  change 
the  rotatory  power  and  melting  point.  The  substance  a-fructose  pentaoe- 
tate  melts  at  70^.  It  is  colorless,  odorless  and  has  a  bitter  taste.  Its 
crystallizing  power  is  much  less  than  that  of  /3-fructose  pentacetate,  thoagfa 
its  crystalline  form  can  be  easily  distinguished  without  a  magnifying 
glass.  It  is  easily  soluble  in  the  usual  solvents  except  in  water  and  petro- 
leum ether. 

0.2517  and  0.3850  g.  gave  0.4550  and  0.5156  g.  CO^  and  0.1287  and  0.1437  g. 
HiO.  Calc.  for  (URiO(CtJWt)%:  C,  49.21%;  H,  568%.  Found:  49.30  and  49-34% 
C  and  5.72  and  5.64%  H. 

a-Pructose  pentacetate  was  saponified  in  the  same  way  as  ^-fructose  pentacetate. 
By  shaking  0.4000  g.  powdered  a-fructose  pentacetate  with  70  cc.  o.i  N  sodinm  fay- 
droxide  during  3  hours  at  o**  and  titrating  with  o.  i  iV  sulfuric  add  and  phendphthakia, 
the  amount  of  acetic  add  produced  was  found  to  be  76.88%.  In  a  stmilar  experiment 
of  5  hours'  duration  the  value  77.26%  was  found  and  in  a  third,  also  lasting  5  hoiirs» 
^e  value  was  77.20%.    The  theoretical  quantity  for  a  fructose  pentacetate  is  76.93%. 

Evidently  the  saponification  is  complete  after  3  hours.  The  solutioii 
was  levorotatory  after  saponification,  indicating  the  regeneration  of  fruc- 
tose. 

The  molecular  wdght  of  a-fructose  pentacetate  was  determined  by  the  lowering 
of  the  freezing  point  of  benzene.  In  three  experiments  1.6291,  3.4506  and  4.719  g. 
a-fructose  pentacetate  per  100  g.  benzene  gave  the  respective  depresaons  o.2i2\ 
0.435  °  and  0.575  °  from  which  the  values  389,  398  and  410  are  calculated  for  the  molec- 
ular weii^t  in  comparison  with  the  theoretical  value  390. 

The  specific  rotation  of  a-fructose  pentacetate  was  measured  in  chloro- 
form solution.  2.000  g.  a-fructose  pentacetate  after  one  recrystallization 
were  made  up  to  25  cc.  with  chloroform^  and  the  solution  polarized  in 
a  I  dcm.  tube  at  20^  with  sodium  light  2.75  circular  degrees  to  the  right, 
hence  [a]©  ==  +34.4**.  After  a  second  recrystallization  from  chkvo- 
form-alcobol,  2.000  g.  a-fructose  pentacetate  made  up  in  the  same  manner 
rotated  2.78  circular  degrees  to  the  right  hence  [a]©  =  +34-75i  which 
is  taken  as  the  specific  rotation  of  the  pure  substance. 

The  mother  liquor  of  the  first  recrystallization  of  a-fructose  pentacetate 
*  Chloroformum  purificatum,  U.  S.  P. 
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from  several  preparations,  crystallized  after  standing  in  a  desiccator, 
yielding  about  10  g.  of  a  crystalline  substance  of  m.  p.  64-65  ^  and  a  specific 
rotation  of  — 7.8**.  The  wash  fluid  and  mother  liquor  of  these  crystals 
crystallized  again.  The  new  crystalline  product  had  a  m.  p.  of  55-56** 
and  a  specific  rotation  of  — 19^.  0.250  g.  of  this  substance  was  saponified 
in  the  usual  way  by  shaldng  with  0.1  N  soditun  hydroxide  for  3V2  hours 
at  o^.  Under  the  same  conditions  samples  of  0.250  g.  of  fructose  tetrace* 
tate  and  a-fructose  pentacetate  were  saponified,  which  gave  the  required 
figures,  whereas  the  unknown  substance  gave  values  for  a  pentacetate. 
It  is  probably  a  mixture  of  a-  and  /3-fructose  pentacetate,  but  the  small 
amount  of  the  sample  and  the  nearly  equal  solubilities  of  the  fructose 
pentacetates  prevented  their  separation. 

The  reaction  of  a  solution  of  zinc  chloride  in  acetic  anhydride  on  fruc- 
tose tetracetate,  which  resulted  in  the  formation  of  a-fructose  pentacetate, 
was  stopped  at  different  points  in  order  to  learn  if  an  intermediate  product 
was  formed,  possibly  the  h3rpothetical  a-fructose  tetracetate.  In  one 
experiment  the  reaction  was  stopped  when  the  specific  rotation  had  reached 
about  — 30°.  The  only  crystalline  substance  which  could  be  separated 
in  the  ordinary  way  proved  to  be  a-fructose  pentacetate.  In  a  second 
experiment  the  reaction  was  stopped  before  this  point  was  reached,  at 
a  specific  rotation  of  about  — 50.  Starting  from  4  g.  fructose  tetracetate 
1.25  g.  of  fructose  tetracetate  was  recovered  and  about  0,4  g.  of  a-fructose 
pentacetate,  but  no  other  crystalline  substance  could  be  separated. 

In  attempts  to  obtain  a-fructose  pentacetate  directly  from  fructose 
by  the  action  of  zinc  chloride  in  acetic  anhydride  solution  we  obtained  a 
colorless  sirup,  which  only  partially  crystallized  after  standing  a  month 
in  a  vacuum  desiccator  with  occasional  seeding  and  stirring.  Five  grams 
zinc  chloride  were  dissolved  in  250  cc.  acetic  anhydride  and  50  g.  powdered 
pure  fructose  were  added  tmder  stirring,  keeping  the  mixture  at  about 
+  10**.  When  the  fructose  was  dissolved,  the  reaction  fluid  was  put 
aside  for  one  night  in  order  to  convert  the  fructose  tetracetate  into  a- 
fructose  pentacetate.  The  following  morning  the  specific  rotation  (as- 
suming that  all  fructose  was  converted  into  pentacetates)  was  found 
to  be  +  lo.o.  The  fluid  was  worked  up  in  the  usual  way,  yielding  a  color- 
less  sirup  which  slowly  crystallized.  From  it  were  obtained  about  8 
g.  of  a-fructose  pentacetate  and  a  large  amount  of  mother  Uquor,  which 
did  not  crystallize  on  long  standing.  Therefore,  a-fructose  pentacetate 
may  be  prepared  directly  from  fructose  but  the  yield  is  not  so  good  as 
that  obtained  by  the  acetylation  of  fructose  tetracetate. 

a-Pructose  pentacetate  was  also  obtained  by  using  p3rridine  as  a  catalyst 
of  the  acetylation.^    Ten  grams  of  powdered  piure  fructose  were  added 
to  a  mixture  of  67  cc.  pyridine  and  50  cc.  acetic  anhydride,  which  was 
>  Bchrend  and  Roth,  Annalen,  331,  364  (1904). 
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cooled  to  o^  and  vigorously  stirred  by  a  motor  driven  glass  paddle.    Afto 

3  hours  the  fructose  was  dissolved  and  the  solution  was  kept  for  two 

dayB  in  the  ice  box.    The  solution  was  then  poured  into  250  cc.  ice  water, 

dn  oil  separated,  and  the  supernatant  fluid  was  poured  off.    The  oil  ««s 

stirred  several  times  with  petroleum  ether  in  order  to  extract  the  pyri&K 

but  the  remaining  sirup  crystallized  only  after  several  months'  standing. 

The  crystals  were  separated  by  pressing  between  filter  paper  and  amounted 

to  about  I  g.    They  melted  at  about  '-HS2  ^  and  showed  a  specific  rotatioo 

of  +28.1.    After  one  recrystallization  the  m.  p.  changed  to  70^  and  the 

specific  rotation  to  +35.5**. 

0.300  g.  of  these  crystals,  were  saponified  by  shaking  with  70  cc  o.i  N  nodanm 
hydroxide  at  o*  during  3  hours.  By  titrating  with  o.i  N  sulfuric  add  and  phcnolpli- 
thalein  the  amount  of  acetic  add  produced  was  found  to  be  7642%.  The  theoretksl 
quantity  for  fructose  pentacetate  is  76.93%. 

These  results  show  that  a-f ructose  pentacetate  is  formed  by  the  actioa 
of  a  solution  of  p3rridine  in  acetic  anhydride  on  fructose. 

Conversion  of  Fructose  Tetracetate  into  /9-Pructose  Pentacetate.— 
This  reaction  is  important,  as  it  establishes,  in  combination  with  the 
above  mentioned  results,  that  the  described  a-  and  /3-fructose  pentacetates 
have  identical  ring  formation.  Twenty  grams  of  fructose  tetracetate 
were  added  in  the  form  of  fine  powder  to  a  mixture  of  120  cc.  acetic  an- 
hydride and  5  cc.  concentrated  stdfuric  acid,  which  was  cooled  by  an  ice 
and  salt  bath  and  vigorously  stirred  by  a  motor  driven  glass  paddle. 
The  fructose  tetracetate  dissolved  easily.  After  three-quarters  of  an 
hour,  300  cc.  ice  water  were  added  and  stirring  was  continued  for  iV'« 
hotu^  under  cooling  with  ice  water.  The  mixture  was  neutralized  in  a  large 
dish  with  sodium  bicarbonate  and  further  treated  as  has  been  described 
for  the  preparation  of  fructose  tetracetate.  The  yield  was  17  g.  crystals 
melting  gradually  from  99-105  ^  and  showing  a  specific  rotation  of  — 106.3. 
The  Crystals  were  washed  with  ether  and  the  specific  rotation  rose  to 
— 1 14.4*.  After  one  recrystallization  the  specific  rotation  increased  to 
— 118.6^  and  a  second  recrystallization  from  ether  brought  it  to  — 120.5*, 
a  value  which  was  changed  only  slightly  by  a  further  recrystallization. 
The  specific  rotation  was  therefore  found  to  agree  with  0-fructose  pentace- 
tate ( — 120.9°)  and  also  the  melting  point  of  the  recrystallized  product, 
108-109°,  was  found  to  be  identical  with  that  of  the  j9^pentacetate.  The 
presence  of  small  amounts  of  unaltered  fructose  tetracetate  is  probaWy 
the  reason  that  the  pure  j3-fructose  pentacetate  cannot  be  obtained  as 
readily  by  this  reaction  as  by  its  preparation  from  fructose,  which  has 
been  previously  described.* 

Experiments  for  Establishing  an  Equilibrium  between  the  Fructose 
Pentacetates  and  for  Converting  Fructose  Tetracetate  to  an  Jsomedc 
Form. — As  has  been  stated  in  the  introduction,  no  equilibrium  could  be 
»  This  Journal,  37,  1283  (1915)- 
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established  between  the  fructose  pentacetates  by  the  usual  method  of 
heating  with  ZnCU  in  acetic  anhydride  solution,  and  therefore  it  is  con- 
cluded that  the  ketose  pentacetates  differ  in  this  respect  from  the  aldose 
pentacetates.  Three  grams  of  jS-fructose  pentacetate  were  dissolved 
in  25  cc.  acetic  anhydride.  The  specific  rotation  was  found  to  be  — 121.8** 
and  it  was  not  changed  by  heating  the  solution  for  ^1^  hour  on  the  steam 
bath.  After  dissolving  0.3  g.  zinc  chloride  the  specific  rotation  changed 
to  — 1 1 1.2**.  After  keeping  this  solution  for  2  days  at  room  temperature 
the  specific  rotation  was  — 107.4*'  a^^d  the  color  yellow.  The  solution 
was  heated  for  10  minutes  on  the  steam  bath  and  the  rotation  changed 
to  — 103.6*'.  This  rotation  did  not  change  further  in  two  subsequent 
reheatings.  The  fluid  was  worked  up  in  the  ordinary  way  and  yielded 
about  I  g.  of  /3-fructose  pentacetate,  which  was  identified  by  the  specific 
rotation* 

The  next  experiment  was  made  with  a-fructose  pentacetate.  Three 
grams  a-fructose  pentacetate  were  dissolved  in  25  cc.  acetic  anhydride 
and  the  specific  rotation  was  found  to  be  +26.5*'.  After  dissolving  0.3 
g.  zinc  chloride  the  specific  rotation  changed  to  +26.1*'  and  remained 
the  same  after  heating  for  10  minutes  on  the  steam  bath.  A  subsequent 
lieating  of  30  minutes  on  the  steam  bath  changed  the  specific  rotation 
to  +26.8^  and  turned  the  solution  sUghtly  yellow.  From  this  solution 
nearly  the  original  amotmt  of  a-fructose  pentacetate  was  recovered, 
which  was  identified  by  the  melting  point  and  specific  rotation.  There- 
fore zinc  chloride  does  not  change  a-fructose  pentacetate.  The  action 
of  sulfuric  add  on  solutions  of  a-  and  /3-fructose  pentacetates  in  acetic 
anhydride  also  did  not  establish  an  equilibrium  between  the  fructose 
pentacetates.  The  solutions  gradually  became  dark  brown  and  no  other 
.substance  thai^  the  respective  pentacetate  could  be  recovered  from  them. 
Boiling  with  acetic  anhydride  (b.  p.  138^)  also  did  not  change  a-  and 
j3-frujctos>e  pentacetate.  After  V4  boiu:  boiling  the  specific  rotation  of 
^-fructose  pentacetate  in  acetic  anhydride  remained  the  same,  +26.1*', 
and  the  specific  rotation  of  ^-fructose  pentacetate  changed  only  from 
— I2I.6®  to  — 1 18.4*'.  After  a  subsequent  boiling  of  V4  hour  the  specific 
jotations  were,  respectively,  +25.4°  and  — 117.1^  From  both  solutions 
nearly  all  the  original  substance  was  recovered. 

The  tetracetate  6f  fructose  shows  similar  behavior  and  has  not  changed 
in  solution  to  an  isomer.  Whereas  tetracetyl  glucose  shows  mutarotation 
in  alcoholic  solution^  tetracetyl  fructose  does  not  show  any  change  in 
rotation  in  absolute  or  50%  alcohol.  The  addition  of  a  few  drops  glacial 
■acetic  acid  did  not  produce  any  change.  Also  a  50%  alcoholic  solution 
made  up  and  polarized  at  3-4  ^^  did  not  show  a  change  in  rotation  voxxt. 
than  o.r®,  when  the  solution  was  gradually  changing  to  a  temperature 
*  K.  Fischer,  Bet.,  42,  2778  (1909). 
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of  20^.  Further,  the  action  of  zinc  chloride  in  glacial  acetic  add  solatn 
did  not  materially  change  the  specific  rotation.  Two  grams  fmotoie 
tetracetate  were  dissolved  in  25  cc.  glacial  acetic  add.  The  specific 
rotation  was  fotmd  to  be  — 80.0®.  After  dissolving  about  50  mg.  ZnCk 
the  spedfic  rotation  was  — 79.5  ^  and  after  V4  hotu'  heating  on  the  stesm 
bath  — 79.8^.  After  dissolving  2  g.  zinc  chloride  on  the  steam  bath  m 
5  minutes  the  specific  rotation  was  — 78.0^.  When  small  amounts  d 
sulfuric  add  or  ammonia  are  added  to  an  acetic  anhydride  scdutioD  of 
fructose  tetracetate  a  material  change  in  rotation  goes  hand  in  hand  w& 
a  saponification  and  destruction. 

Action  of  Hydrogen  Bromide  in  Acetic  Acid  Solution  on  a-  and  fi-trxr 
lose  Pentacetate. — ^This  reagent  was  first  used  by  E.  Fischer'  for  pf^ 
paring  in  the  most  convenient  way  the  bromoacetyl  derivatives  from  tix 
acetates  of  the  aldoses.  The  following  experiments  show  that  the 
bromotetracetyl  fructose  is  undoubtedly  formed  by  similar  actioB, 
but  it  could  not  be  separated  on  account  of  its  easy  decompositioa  bf 
water. 

Seven  grams  of  /3-fructose  pentacetate  were  dissolved  in  a  25  cc.  measur- 
ing flask  in  8  cc.  gladal  acetic  add  and  the  volume  completed  with  a  sato- 
l-ated  solution  of  hydrogen  bromide  in  glacial  acetic  add.  The  lotatioi 
was  followed  during  20  minutes  after  the  addition  of  the  hydrogen  faromide 
reagent.  The  spedfic  rotations  are  figured  on  the  basis  of  7  g.  substance 
present  in  25  cc.  solution.  The  small  difference  in  molecular  weif^t  d 
fructose  pentacetate  (390)  and  the  bromotetracetyl  fructose  (411)  tatf 
allow  this  assumption.  The  spedfic  rotation  of  /^fructose  pentacetate 
in  acetic  add  solution  is  — 121. 7.  After  the  mixture  had  stood  20»  30^ 
45i  65  and  85  minutes  the  spedfic  rotation  had  the  respective  vahM^ 
+45-7i  +53'6,  +59.2,  +60.5,  +60.0,  whidi  shows  that  in  only  65  nmnitn 
the  change  in  specific  rotation  amounted  to  more  than  + 180.' 
this  reaction  product  with  200  cc.  ice  water  and  working  up  the 
in  the  described  way  3.5  g.  of  tetracetyl  fructose  .were  obtained.  Forttar 
experiments  will  be  made  to  separate  the  bromoacetyl  fructose  in  a 
line  state.  The  action  of  this  reagent  on  a-fructose  pentacetate  was  ato, 
investigated.  Seven  grams  a-fructose  pentacetate  were  dissolved  in 
25  cc.  measuring  flask  in  8  cc.  glacial  acetic  add  and  the  volume 
pleted  with  a  saturated  solution  of  hydrogen  bromide  in  gladal 
add.    The  spedfic  rotation  of  a-fructose  pentacetate  in  gladal 

»  Ber.,  43,  2521  (1910). 

*  The  difference  between  the  spedfic  rotations  of  ^-glucose  pentacetate  and 
tetracetyl  glucose  is  +X94»  the  difference  for  the  analogous  compoundi  of 
-hsii,  for  ceUose  the  difference  is  about  +110,  and  for  milk  sugar  +iiO»  dawiaa 
great  difference  in  spedfic  rotations  between  the  f uUy  acetTlated  f-derivativfs  if 
the  sugars  and  the  bromoacetyl  derivatives. 
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acid  is  +26.5.  Twenty  minutes  after  the  reagent  had  been  added  the 
specific  rotation  was  found  to  be  +26.6,  a  value  which  did  not  change 
during  the  next  thirty  minutes.  The  solution  was  heated  on  the  steam 
bath  for  5  minutes,  the  color  turning  from  yellow  to  a  dark  yellow.  The 
specific  rotation  was  now  found  to  be  +23.9.  The  solution  was  shaken 
with  200  cc.  ice  water  and  further  worked  up  in  the  usual  way  and  yielded 
3  grams  of  a  crystalline  substance  melting  at  70^  with  a  specific  rotation 
in  chloroform  solution  of  +34-3*  Therefore  about  half  of  the  original 
a-fructose  pentacetate  has  been  recovered,  the  rest  probably  being  saponi- 
fied and  destroyed. 

WAtHINOTON,   D.   C  . 
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XTLOSIDE. 

By  J.  EL  Daia^ 
ReoeiTed  September  11,  1915. 

During  an  investigation  of  methods  for  brominating  and  acetylating 
the  sugars,  there  was  obtained  from  xylose  a  crystalline  bromoacetyl 
derivative  which  is  very  similar  in  properties  to  the  acetohalogen  de- 
rivatives of  other  sugars.  The  bromine  atom  is  very  active  and  can  be 
readily  replaced  by  an  oxyacetyl  gxxnip,  fqrming  tetracetyl  xylose,  or  by 
an  oxymethyl  group  forming  a  triacetylmethylxyloside.  This  latter 
compound,  on  hydrolysis  with  dilute  alkali,  yields  the  well-known  /9-methyl- 
zyloside.  This  correlation,  together  with  its  analysis,  low  rotation  and 
method  of  preparation,  appears  sufficient  to  justify  the  naming  of  this 
acetylated  methyl  xyloside,  jS-triacetylmethylxyloside. 

Preparation  of  Bromoacetylzylose. — Emil  Fischer'  has  prepared  the 
bromoacetyl  derivative  of  several  of  the  sugars  by  the  action  of  a  satu- 
rated solution  of  hydrobromic  acid  gas  in  acetic  add  on  the  corresponding 
completely  acetylated  sugar.  The  action  of  acetyl  bromide  directly 
upon  the  sugars  has  also  been  employed  by  a  number  of  investigators 
for  the  preparation  of  these  compounds.  Bodart^  successfully  prepared 
chloroaoetyl  lactose  by  suspending  lactose  in  acetic  anhydride  and  passing 
gaseous  hydrochloric  acid  into  the  mixture.  From  consideration  of  these 
results,  it  appeared  probable  that  a  concentrated  solution  of  hydro- 
bromic acid  in  acetic  anhydride  would  act  directly  upon  the  sugars, 
giving  the  bromoacetyl  derivatives.  The  following  method  for  the 
preparation  of  bromoacetyl  xylose  has  also  been  employed  successfully 
in    the  preparation  of  bromoacetyl  lactose,  bromoacetyl   maltose,   and 

1  Contribution  from  the  Carbohydrate  Laboratory,  Bureau  of  Chemistry,  United 
States  Department  of  Agriculture. 

»  Ber.,  43,  2530  (1901);  44»  2537  (1902). 
>  Monalsh.,  23,  x  (1902). 
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bromoacetyl  glucose,  with  yields  of  from  55-70%  of  the  thcontkii 
amount.  Mamiose  and  galactose  have  not  given,  by  this  method*  ci]fs- 
talline  compotmds. 

Twenty-five  grams  of  finely  grotmd  xylose  were  treated  in  an  EAb- 
meyer  flask  at  room  temperature  with  150  cc.  of  a  saturated  solutko  of 
hydrobromic  acid  in  acetic  anhydride.  A  very  violent  reacti<Hi  foflowcd 
The  resulting  straw-colored  sirup  was  cooled,  mixed  with  300  cc.  of  chkro- 
form  and  the  solution  shaken  with  ice-water,  sodium  bicarbonate  sols- 
tion,  and  again  three  or  four  times  with  water.  After  drying  with  cil- 
citun  chloride  the  chloroform  solution  was  evaporated  at  50^  under  £- 
minished  pressure  to  a  thick  sirup.  This  was  dissolved  in  a  littk  dxr 
ether  and  on  rapid  evaporation  beautiful  crystals  formed  spontaneously. 
The  substance  thus  obtained  was  evidently  somewhat  impure,  becaose  it 
decomposed  in  the  air  in  a  very  short  time  with  the  evolution  of  hydro- 
bromic acid  fumes.  On  ptuification  by  recrystallization  from  dry  ether 
the  compound  became  more  stable  and  could  be  kept  for  several  horn 
without  appreciable  signs  of  decomposition. 

For  analysis  0.4405  g.  of  the  pure,  dry  substance  was  dissolved  in  metiiyi  alcohd. 
a  drop  of  strong  nitric  add  added  and  the  bromine  precipitated  as  sttver  bfomide  bf ' 
an  aqueous  solution  of  silver  nitrate. 

Obtained,  0.2407  g.  silver  bromidep  corresponding  to  23.25% 
Calc.  for  C|HcO«(CtHtO)«Br;  bromine,  23.57%.    Pound,  23.25. 


Triacetyl  bromoxylose  is  very  soluble  in  chloroform,  benzene 
acetone,  rather  soluble  in  ether  and  almost  insoluble  in  ligroin.  It 
recrystallized  from  dry  ether  until  its  specific  rotation  became 
The  melting  point  of  the  pure  substance  dried  in  a  vacuum 
was  loa^  (uncorr.).  In  chlorcrform^  solution,  0.6360  g.  of  the  compovl 
per  25  cc.  of  the  solution  gave  a  reading  to  the  right,  +10. 8^  in  a  tm 
decimeter  tube,  using  sodium  light,  hence  [a]^  «  +2 12. 2*^.  A  ('  '"* 
cate  measurement,  in  which  0.7930  g.  of  the  compound  were  used, 
[a]2o  ^  +212. 1 ^  The  identification  of  this  compound  was 
by  converting  it  into  /3-tetracetylxylose  and  into  ^triacei 
xyloside,  using  the  methods  by  which  Koenigs  and  Knorr*  pi 
/3-pentacetyl  glucose  and  /?-tetracetylmethylglucoside  from 
glucose. 

Preparation  of  ^-Triacetylmethylzyloside. — ^Por  the  preparatiaii 
this  compound,  it  is  not  necessary  to  have  the  bromoacetylxylose  m 
very  pure  condition.    If  the  syrup  obtained  by  evaporating  the 
form  extract  is  stirred  well  mth  petroleum  ether,  it  soon  hardens  to 
semicrystalline  mass,  which  can  be  used  without  further  puri 
This  product  is  dissolved  in  ten  times  its  weight  of  methyl  alcohol  and 

>  CMarofarmum  Purificaium,  U.  S.  P.,  was  used  throughout  this  wort. 
«Ber.,  34,  970(1901). 
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^lution  of  silver  nitrate  in  80%  methyl  alcohol  is  added  until  complete 
precipitation  of  the  silver  bromide  is  effected.  The  filtrate  from  the  sil- 
ver bromide  is  treated  with  hydrogen  sulfide  and  shaken  with  barium 
carbonate.  The  filtrate  from  this  is  evaporated  to  a  thick  sirup  on  the 
steam  bath  under  diminished  pressure.  This  sirup  is  dissolved  in  a  little 
hot  water  which,  on  cooling,  deposits  thin  plate-like  crystals,  which  analy^s 
and  conversion  into  j3-xnethybcyloside  show  to  be  j9-triacetylmethylxyl- 
oside.  The  crystalline  substance  is  very  soluble  in  chloroform,  alcohol,, 
ether  and. hot  water.  It  was  purified  by  recrystalUzation  from  water 
until  its  specific  rotation  became  constant.  The  melting  point  of  the 
pure  substance  dried  in  a  vacuum  desiccator  over  calcium  chloride  was 
115**  (uncorr.).  With  chloroform  as  solvent,  0.5785  g.  of  this  compound 
per  25  cc.  of  the  solution  gave  a  reading  to  the  left,  — 2 . 8°  in  a  two  deci- 
meter tube,  with  sodium  light,  hence  [a]^  =  — 60.5**.  After  another 
reoystallization,  a  duplicate  measure,  in  which  0.6751  g.  of  the  com- 
pound was  used,  gave  [ajfo  —  ' — 60. 8^ 

0.2274  g.  and  0.2078  g.  gave  0.4x49  and  0.3800  g.  COs  and  0.1272  and  0.1 163  g. 
HfO,  corresponding  to  49.76  and  49.87%  C  and  6.26  and  6.26%  H. 

Calc.  for  (C»Ht04)(CH,0)(CJIK))i:  4963%  C  and  6.25%  H. 

Two  acetyl  determinations,  made  by  shaking  0.25  g.  of  the  substance  with  70  cc. 
0.1  N  NaOH  for  two  hours  in  a  glass-stoppered  bottle  at  o^  gave  61.94  ^^^  62.27% 
acetic  add,  which  agree  with  the  theoretical  value  for  triacetylmethylzyloside,  62.07%. 

Conversion  of  /?-TriacetylmethybcyIoside  into  /^-Methylzyloside. — 
^•4575  8-  ^^  ^hc  first-named  compound  was  shaken  with  about  50  cc. 
0.1  N  NaOH  for  two  hours.  The  solution  was  then  neutralized  with 
HsS04  and  evaporated  to  dryness.  The  residue  was  extracted  with  hot 
ethyl  acetate  which  on  evaporation  deposited  crystals  that  melted  at 
I55~i56^  and  had  a  specific  rotation  [a]S  —  — 65.3®.  Obtained  o.  13  g. 
Fischer^  gives  for  0-methylxyloside,  m.  p.  i56-i57*  and  [a]!©  "» 
— 65.8^ 

Conversion  of  Bromoacetylzylose  into  jS-Tetracetybcylose. — ^Pour  grams 
of  crude  bromoacetylxylose  were  dissolved  in  75  cc.  of  galdal  acetic  add. 
This  solution  was  shaken  a  few  minutes  with  5  g.  of  silver  acetate.  The 
filtrate  from  the  silver  bromide  predpitate  was  neutralized  with  soditun 
bicarbonate  and  extracted  with  chloroform.  This  extract  was  concen- 
trated to. a  thick  sirup  under  diminished  pressing  and  the  sirup  dissolved 
in  a  little  ether.  Crystals  soon  appeared  of  m.  p.  126-127**  (corr.)  and 
[ot]2o  =  — 24.9*^  in  chloroform  solution. 

Hudson  and  Johnson*  fotmd  for  /9-tetracetylxylose  [a]S  —  — ^S-i* 
(chloroform  solution)  and  m.  p.  128**  (corr.). 

Wasbdiotom.  D.  C. 

^Ber.,  28,  1 158  (1895). 

*  Following  article  by  Hudson  and  Johnson. 
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THB  ISOMERIC  TBTRACETATES  OF  XYLOSE,  AND  OBSERVAr 
TIONS  REGARDING  THE  ACETATES  OF  MEUBIOSB, 

TREHALOSE  AND  SUCROSE. 

By  C.  8.  Hudson  and  J.  M.  Johnson. 
Recdved  September  11,  1915. 

Crystalline  xylose  tetracetate  has  been  prepared  by  Stone^  throo^ 
the  action  of  acetic  anhydride  and  soditun  acetate  upon  the  sagiai,  aod 
he  records  its  melting  point  as  123.5-4.5  ^  and  its  spedfic  rota^cm  in  abso- 
lute alcohol  — 25.43^.  Bader^  has  fotmd  the  substance  to  melt  sligfadj 
higher,  126^.  We  have  recently  converted  this  tetracetate  to  an  isomeric 
form  by  heating  it  in  acetic  anhydride  solution  with  a  trace  of  zinc  ddo- 
ride,  as  will  presently  be  described.  The  new  tetracetate  and  the  one  pre- 
pared  by  Stone  represent  a  pair  of  isomers  similar  to  the  alpha  and  beta 
forms  of  the  pentacetates  of  mannose  and  glucose  and  the  octaoetates 
of  cellose,  maltose  and  lactose,  and  their  structtu-es  may  accordingif  be. 
written,  assuming  a  gamma  lactonyl  ring, 

<OAc  yB 
and  CHjOAaCH. (CHOAc),.C  ^ 
Kj H                            • O »     X)Ac 

Since  the  specific  rotations  of  the  two  tetracetates  in  chloroform  soiiH 
tion  (vide  infra)  are,  respectively,  — 25®  for  Stone's  form  and  +49®  for 
the  new  isomer,  it  is  highly  probable  that  the  latter  is  a  derivative  of  the 
strongly  dextrorotatory  alpha  form  of  xylose,  and  the  former  a  deriva- 
tive of  the  hypothetical  beta  xylose,'  and  in  conformity  with  this  vicv 
we  will  designate  the  new  tetracetate  as  the  alpha  form  and  Stone's  tetrace- 
tate as  the  beta  modification.  We  have  sought  to  complete  the  evidenoe 
on  this  point  by  correlating  one  of  these  tetracetates  directly  with  nys- 
talline  alpha  xylose  by  acetylating  this  sugar  with  acetic  anhydride  and 
pyridine  at  o^,  but  the  reaction  has  yielded  both  tetracetates,  due  doubt- 
less to  a  partial  transformation  of  alpha  xylose  to  its  beta  form  in  advance 
of  the  acetylation. 

Rearrangement  of  i3-Xylose  Tetracetate  to  the  Isomeric  Alpha  Fonn.-- 
A  considerable  quantity  of  the  /3-tetracetate  was  prepared  according  t» 
Stone's  directions,  using  the  proportions  one  part  fused  sodium  acetate, 
four  parts  pure  xylose,  and  sixteen  parts  acetic  anhydride,  and  pctadf 
the  reaction  mixttu'e  into  water  as  soon  as  the  xylose  had  dissolved.  Afts 
recrystallizing  the  tetracetate  from  water  and  from  95%  alcohol  uaA 
its  rotatory  power  reached  a  constant  value,  the  m.  p.  of  the  pure  sub- 

*  Am.  Chem.  /.,  15,  653  (1893). 
«  Chem.  Zig.,  19,  55  (1895). 
»  Tms  Journal,  3X1  76  (1909). 
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stance  was  found  to  be  128^  (corr.).  Its  specific  rotations  in  several  sol- 
vents are  recorded  in  Table  I.  The  5rield  of  pure  |8-tetracetate  was  22 
grams  from  25  grams  of  xylose.  When  this  tetracetate  was  dissolved  in 
acetic  anhydride  containing  a  small  amount  of  zinc  chloride  and  the  solu- 
tion was  heated  on  the  steam  bath,  a  change  in  specific  rotation  from 
— 23 . 3 **  to  the  constant  final  value  -{-71.8*  was  observed,  only  four  min- 
utes, or  less,  being  required  for  the  completion  of  the  mutarotation.  The 
product  was  poured  into  cold  water  and  a  partial  crystallization  of  the 
insoluble  sirupy  layer  soon  took  place.  The  mass  was  thinned  with 
alcohol  and  the  crystals  removed.  They  proved  to  be  the  original  /S-tetrace- 
tate.  The  sirupy  alcoholic  mother  liquor,  on  cooling  with  ice,  gave  fine, 
flaky  crystals  which  could  be  filtered  while  cold,  though  they  melted 
somewhat  below  room  temperature.  They  appear  to  be  .an  unstable 
alcoholate  of  a-xylose  tetracetate,  but  a  trustworthy  analysis  of  them 
could  not  be  obtained  on  account  of  the  fact  that  they  readily  change  to 
crystals  of  a-tetracetate,  without  alcohol,  on  recrystallization.  Estima- 
tions of  the  alcoholic  content  of  the  crystals  by  direct  evaporation  and 
also  by  specific-gravity  measurements  of  their  distillate  on  boiling  with 
water,  showed  percentages  varying  from  12  to  33,  indicating  that  the  crys- 
tals were  mixtures  of  alcoholate  and  alcohol-free  tetracetate.  When 
the  crystals  of  the  alcoholate  were  dissolved  in  a  little  alcohol  at  room 
temperature,  there  crystallized  spontaneously  the  new  a-xylose  tetrace- 
tate. In  another  case,  a  batch  of  crystals  of  the  alcoholate  was  fotmd 
to  change  entirely  to  crystals  of  the  new  tetracetate,  free  of  alcohol,  on 
standing  several  days  in  alcohol  near  o^.  The  a-tetracetate  was  recrys- 
tallized  from  alcohol  tmtil  its  specific  rotation  reached  the  constant  values 
that  are  recorded  in  Table  I.  The  substance  melts  at  59**  (corr.).  The 
yield  is  about  50%  of  the  weight  of  the  jS-tetracetate.  For  analysis  the 
compound  was  dried  in  a  vacuum  desiccator  over  KOH. 

0.2584  and  0.2675  g.  substance  yielded  04640  and  0.4806  g.  COi,  and  0.1341  and 
0.1378  g.  HtO. 

Cak.  for  CHO:  49.03%  C  and  5.70%  H.  Pound:  48.97  and  49.00%  C,  5.81  and 
5.76%  H. 

An  acetsrl  estimation  was  made  by  boiling  in  a  quartz  flask  with  reflux  quartz 
condenser  0.5  g.  substance  with  100  cc.  0.25  N  sulfuric  actd  during  three  hours. 

Calc.  for  xylose  tetracetate:  54.09%.    Pound:  54.00  and  53.89%  (CHaCO). 

Mol.  wt.  from  the  lowering  of  the  freezing  point  in  benzene.  Six  experiments 
(with  0.746  and  1.754  S-  P^  ^<^  IT-  solvent)  showed  depressions  varying  between  0.123* 
and  0.267  *,  which  indicated  values  for  the  molecular  weight  ranging  between  303  and 
329.    Theoretical  value,  3x8. 

By  saponifying  the  new  xylose  tetracetate  with  5%  alocdiolic  potash 
at  o^,  xylose  was  regenerated,  crystallized  and  identified.  The  specific 
rotation  in  water  of  the  xylose  two  minutes  after  solution  at  20^1  was 
+86.1®  and  the  constant  rotation  was  +19. 4^ 
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The  Rotatory  Powers  of  the  Isomeric  Xylose  Tetracetates.— TaUe  I 
records  the  specific  rotatory  power  of  the  new  a-tetracetate  in  several 
solvents^  in  comparison  with  the  rotation  of  the  ^-tetracetate.  The 
tube  length  in  all  cases  was  4  dcm.,  the  specific  rotations  are  ezpitssed 
in  circular  degrees  for  sodium  light,  and  the  concentration  in  grams  per 
100  cc.  of  solution,  the  weighings  being  made  in  air  with  brass  weiglits. 

Tablb  I. 
The  Specific  Rotations  of  the  Isomeric  Xylose  Tetracetates. 

Chloroform.  Benzene.  99.5%  Aortk  &aL 


0 "  ■  '    »|  ^    ■  '  "■  >■  ■     11      ^  < 


1*  ■■■     11      »,  ^     II    I  * 


TetnceUte.  Cone.  [<x]^d*  Cona  [a]?*       Cone:  [«]»' 

Alpha 5.02  +89.3  5.03  4-79.3      3.33  +9S.3 

Alpha 9.99  +S8.9  10.01  +80.4  10. 04  +93-^ 

Beta..'. 4.99  — 24.7  10.03  — 22.3  10.04  — 7-3 

Beta 11.07  — 25.1  ...  ..         ... 

Difference  of  the  Molecular  Rotations  of  the  Alpha  and  Beta  Forms. 

Glucose  pentacetate 38,100  36,700  40,800 

Xylose  tetracetate 36,300  32,500  32.700 

A  comparison  of  the  differences  of  the  molecular  rotations  of  the  a* ; 
and  /3-xylose  tetracetates  with  those  of  the  a-  and  /3-glucose  pentacetates^- 
is  shown  in  the  second  part  of  Table  I,  where  the  averaged  values  of  Tabk 
I  are  multiplied  by  318,  the  molecular  weight  of  xylose  tetracetate. 

It  was  expected  from  theoretical  considerations'  that  these  differencxs 
would  be  the  same  for  the  two  pairs  of  acetylated  sugars.  In  benzeie 
and  in  acetic  acid  solutions,  the  conclusion  does  not  hold  at  all  well, « 
has  been  noticed  previously  in  similar  comparisons.^  The  values  aie 
fairly  close  in  chloroform  solution,  the  discrepancy  amounting  to  aboot 
six  degrees  in  specific  rotation. 

Preparation  of  Both  a-  and  /S-Xylose  Tetracetates  by  AcetyktiNl 
oc-Xylose  at  o^  in  Pyridine  Solution. — Pure  crystalline  a-xylose  (20^) 
was  acetylated  at  o^  with  a  mixture  of  acetic  anhydride  (100  cc.)  and 

T  * 

mercial  pyridine  bases  (100  cc.)  according  to  the  directions  of  Behreod 
After  the  sugar  had  dissolved,  which  required  about  26  hours  with  oott- 
sional  stirring,  the  mixttu-e  was  kept  at  o^  24  hotu^  longer,  but  no  ch 
in  its  rotation  after  dissolving  ([a ]d  «=  +33  approximately)  was  apporcflt 
It  was  then  poured  into  a  large  excess  of  water  and  the  resulting  insdhAfe 
sirupy  layer  partially  crystallized.  This  was  thinned  with  alcohol, 
the  crystals  removed,  which  proved  to  be  the  jS-tetracetate.  By  cofll- 
ing  the  sirupy  another  liquor  with  ice,  crystallization  of  the  alcoboliifi 
of  a-xylose  tetracetate,  which  has  been  described  above,  could  be 

^  The  chloroform  used  was  Chloroformum  pwrificahan,  U.  S.  P« 

*  Hudson  and  Pale,  This  Jquiinal,  37,  1364  (1915). 

*  This  Journal,  31,  66  (1909);  37,  1266,  1275,  1279  (1915). 

*  Hudson  and  Dale,  This  Journal,  37,  1266  (1915). 

*  Ann,,  331,  369  (1904);  353f  109  (1907). 
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tained.  Prom  these  crystals  the  alcohol-free  a-form  was  prepared  ac- 
cording to  the  directions  already  recorded.  The  yield  of  a-tetracetate 
by  this  method  is  about  9  g. 

Conversion  of  Acetochlorosylose  to  the  i9-Tetracetate. — ^Ryan  and 
£brill>  have  prepared  a  tetracetate  of  xylose  by  the  interaction  of  aceto- 
chloroxylose  and  silver  acetate  in  glacial  acetic  acid.  They  call  attention 
to  the  fact  that  the  resulting  tetracetate  melted  at  119^,  which  is  consid- 
erably lower  than  the  melting  point  found  by  Stone.  It  might  be  con- 
sidered, therefore,  that  their  tetracetate  is  an  isomeric  form  of  Stone's 
compound.  However,  they  had  in  hand  such  a  small  quantity  of  their 
tetracetate,  less  than  one  gram,  that  we  doubt  whether  it  was  posdble 
to  purify  it  sufficiently  to  decide  this  point.  It  is  evident  that  the  sub- 
stance could  not  have  been  the  new  a-tetracetate  of  m.  p.  59^.  In  re- 
peating Ryan  and  Bbrill's  preparation,  we  were  not  successftd  in  obtain- 
ing crystalline  acetochloroxylose  by  their  method  of  treating  xylose  with 
acetyl  chloride  at  o^,  but  by  boiling  the  sugar  with  this  reagent  and  a 
trace  of  ZnCU  until  solution  was  complete,  acetochloroxylose  was  pre- 
pared in  beautiful  crystals,  with  a  3rield  of  7 . 8  g.  from  10  g.  of  xylose.  It 
melted  at  95-97^  uncorr.  (Ryan  and  Bbrill  found  loi^),  and  its  specific 
rotation  in  chloroform  was  to  the  right,  [a]i>  »  +165^  at  a  concentra- 
tion of  12  g.  per  100  cc.  A  qualitative  test  for  chlorine  ^owed  its  pres- 
ence. For  the  preparation  of  Ryan  and  Ebrill's  tetracetate,  5  g.  of  aceto- 
chloroxylose were  dissolved  in  125  cc.  glacial  acetic  add  and  shaken 
with  4  g.  silver  acetate  until  the  supernatant  liquid  gave  no  reaction  for 
chlorine.  On  treating  the  product  according  to  these  authors'  directions, 
we  obtained  3  g.  of  xylose  tetracetate  which  showed  after  repeated  recrys- 
tallization  a  melting  point  of  1 25  ^  (uncorr.)  and  a  specific  rotation  in  chloro- 
form of  — 25  ^.    The  substance  is  indeed  Stone's  /J-xylose  tetracetate. 

Convenion  of  the  a-  and  /S-Tettmceiates  to  Acetobromozyloae  and  Ite 
Conversion  to  the  j9-Triacetyl  Methyl  Xyloside. — Five  grams  of  /3-xylose 
tetracetate  of  specific  rotation  — 25°  were  dissolved  in  6  cc.  glacial  acetic 
acid,  17  cc.  acetic  add  saturated  with  hydrobromic  add  gas  were  added, 
and  the  solution  was  kept  at  room  temperature  to  observe  any  change 
in  its  polariscopic  reading,  but  the  reaction  was  so  rapid  that  the  reading 
had  become  constant  within  the  first  two  minutes.  The  solution  was  poured 
into  chloroform  and  the  mixture  was  washed  successivdy  with  ice-water> 
iced  sodium  bicarbonate  solution,  and  ice-water  again,  and  was  then 
dried  with  CaCU,  and  evaporated  in  vacuo.  The  sirup  was  crystallized 
from  ether  and  petroleum  ether  and  4.3  g.  acetobromoxylose  were  ob- 
tained, of  m.  p.  loo-ioi^  (uncorr.),  and  spedfic  rotation  in  chloroform 
+210.8**.  These  data  agree  with  those  found  by  Dale  (see  preceding 
artide)  for  acetobromoxylose,  which  he  recently  prepared.  This  aceto- 
*  Proc.  Roy,  DvbUn  Soc,,  zx,  249  (1905-8). 
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bromoxylose  was  dissolved  in  methyl  alcohol  and  by  treatment  vitk 
silver  nitrate,  ]|S-triacetyl  methyl  xyloside^  was  obtained,  <rf  m.  p.  115* 
(uncorr.)  and  [a]©  =  — 59-5°  "i  chloroform  sdution. 

Five  grams  of  a-xylose  tetracetate  of  specific  rotation  +89^  were  farom- 
inated  as  described  for  the  other  tetracetate,  and  there  were  obtBnBd 
4.1  g.  of  acetobromoxylose,  of  m.  p.  94-96^  (uncorr.) »  and  specific  rota- 
tion in  chloroform  +207.2^.  This  acetobromoxyloee  was  converted  as 
above  into  /3-triacetyl  methyl  xyloside  of  m.  p.  114-115°  (uncorr.),  and 
Md  =  — ^59-3^  ui  chloroform  solution.  Therefore,  the  same  aceto- 
bromoxylose  and  the  same  jS-triacetyl  methyl  xyloside  were  obtained 
from  the  a-  and  /3-modifications  of  xylose  tetracetate. 

Observations  Regarding  Melibiose  Octacetate. — ^A  supply  of  fi-melShmt 
octacetate  was  prepared  by  acetylating  melibiose  with  acetic  anhydride 
and  anhydrous  sodium  acetate,  and  the  substance  was  recrystaUized 
until  no  further  change  in  its  rotation  was  observed.  It  was  found  to 
have  a  m.  p.  of  177.5^  (corr.)  and  specific  rotations  in  chloroform  of 
+  102.5®  and  in  99.5%  acetic  acid  of  +101. 9®.  Scheibler  and  Mittd- 
meier^  found  a  m.  p.  of  170-171°  and  [ajo  in  chloroform  of  +9.42  ^  and 
Bau'  found  in  chloroform  [ajo  »  +98. i^  2.&  g.  of  this  octacetate 
were  dissolved  in  acetic  anhydride  containing  a  little  zinc  chloride  and 
the  mixture  was  heated  on  the  steam  bath  during  35  minutes.  The 
specific  rotation  was  thereby  changed  from  +107.0®  to  +147.3^  and 
longer  heating  caused  no  further  increase.  The  solution  was  poured  into 
water  and  after  standing  some  days  the  insoluble  sirupy  mass  was  taken 
up  in  alcohol  to  a  thick  sirup.  After  some  weeks'  standing,  small  cr3rslah 
appeared,  but  now  after  several  months,  we  have  not  been  able  to  crys- 
tallize  the  entire  mass,  and  have  not  obtained  enough  crystals  to  make 
any  measurements.  However,  on  accoimt  of  the  large  change  in  rota- 
tion we  are  of  the  opinion  that  the  known  octacetate  of  melibiose  is  the 
beta  form  and  that  tlie  amorphous  material  consists  largely  of  a-melibioae 
octacetate. 

Observations  on  Trehaloae  Octacetate. — ^Trehalose  octacetate  was 
prepared  according  to  the  usual  method  of  acetylation  with  acetic  anhy- 
dride and  anhydrous  sodium  acetate,  a  60%  yield  being  obtained.  After 
recrystallization  from  alcohol  several  times,  the  compound  melted  at 
96-98^  (tmcorr.).  The  same  substance  was  obtained  with  a  yield  of  72% 
by  acetylating  the  sugar  with  acetic  anhydride  and  zinc  chloride.  Ma- 
quenne^  found  a  melting  point  of  97-98^  for  this  octacetate.  We  have 
measured  the  rotatory  power  of  trehalose  acetate,  which  does  not 

^  This  compound,  and  its  method  of  preparation,  are  described  in  the 
article  by  Dale. 

*  Ber,,  a3,  1438  (1890). 
'  Zeitschr,  d.  Ver.,  1904,  II,  507. 

*  Compt.  rend.,  iia,  947  (1891). 


CONDENSATION  OP  ALDEHYDE  DIACETATES,   ETC.  2753 

to  have  been  previously  recorded.  5. 15  g.  substance  made  up  to  50  cc. 
with  chloroform,  in  a  2  dcm.  tube  at  20^,  rotated  96.5^  V.  to  the  rights 
therefore,  [ajj?  f=  +  I62.3^  When  this  octacetate  was  dissolved  in 
acetic  anhydride  with  a  small  amount  of  zinc  chloride,  no  change  in  its 
specific  rotation  of  +147.4°  could  be  detected  after  heating  the  solution 
to  100®  repeatedly.    Evidently  there  is  only  one  trehalose  octacetate. 

Observations  on  Sucrose  Octacetate. — Sucrose  octacetate  was  prepared 
by  the  acetylation  of  sugar  with  acetic  anhydride  and  pyridine  bases, 
and  also  with  acetic  anhydride  and  soditun  acetate.  After  recrystalliza- 
tion,  it  melted  at  69**  (imcorr.)  and  in  chloroform  [a]©  =  +59.6°. 
Herzfeld^  has  foimd  the  m.  p.  67°.  In  this  case  again  it  was  not  possible 
to  obtain  any  evidence  of  the  existence  of  an  isomeric  sucrose  octacetate, 
since  the  specific  rotation  of  its  solution  in  acetic  anhydride  containing 
a  trace  of  ZnCls  did  not  change  on  heating.  These  results  with  the  octace- 
tates  of  trehalose  and  sucrose  are  npt  unexpected  since  the  parent  di- 
saccharides  are  not  reducing  sugars,  do  not  combine  with  phenylhy- 
drazine,  do  not  exhibit  mutarotation,  nor  occur  in  alpha  and  beta  forms» 
and  consequently  do  not  have  the  type  of  structure  which  accotmts  for 
the  existence  of  alpha  and  beta  modifications  of  the  aldoses  and  ketoses 
and  their  derivatives. 

Wasbuigtom,  D.  C. 


[Contribution  i^om  run  Mbuuon  Instituts  of  Industriai,  Research,  University 

OF  Pittsburg.] 
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Five  years  ago,  Wheeler  and  Hoffman*  made  the  discovery  that  aro- 
matic aldehydes  can  be  condensed  with  hydantoin  by  boiling  with  glacial 
acetic  acid  and  fused  sodium  acetate,  giving  compounds  of  Type  I. 
Wheeler  and  Brautlecht'  applied  the  reaction  to  substituted  2-thiohy- 
dantoins,  and  Wheeler,  Nicolet  and  Johnson^  showed  that  it  worked 
equally  well  with  2-thiohydantoin  itself. 

These  condensation  products  are  readily  reduced  to  benzyl  (II),  or  sub- 
stituted benzyl  hydantoins,*  and  these  in  turn  are  readily  hydrolyzed 
to  phenylalanine  (III),  or  substituted  phenylalanines.  In  most  cases 
this  method  for  preparing  substituted  phenylalanines  compsu-es  favora. 

*  Ber.,  13,  267  (1880);  Z.  Ver.  D.  Zuckerind.,  1887,  422. 

*  H.  L.  Wheeler  and  C.  Hoffman,  Am.  Chem.  /.,  45,  368. 

*  H.  L.  Wheeler  and  C.  A.  Brautiecht,  Loc.  cit.,  446. 

*  H.  L.  Wheeler,  B,  H.  Nicolet  and  T.  B.  Johnson,  Loc,  cit.,  46,  456. 

•Wheeler  and  Hoffman,  Loc.  cii.;  T.  B.  Johnson  and  C.  A.  Brautlecht,  This 
This  Journal,  33,  1531  (i9")- 
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bly  with  that  of  the  younger  Erlenmeyer.^  Jcdinson  and  his  vaiioa 
co-workers  have  made  use  of  it  for  the  preparation  of  a  number  of  phcsyl- 
alanine  and  tyrosine  derivatives. 

NH— CO  NH— CO  COOH 

I 
OC 

I 

NH—C  =  CHR  NH— CHCHjCOI*         H,N— CHCH,C«Hi 

a).  (11).  (III).  (IV). 

NH— CO 


OC 


AiCHi 


ArCH(OCOCH,),  COIiNHN  «  CHCH,  SC 


NH—C  -  CHCHi 

(V).  (VI).  (vn). 

During  the  last  few  years,  considerable  interest  has  been  shown  in  the 
preparation  of  nucleus-substituted  phenylalanines  not  hitherto  found  to 
occur  as  protein  constituents,  for  use  in  the  study  of  the  chemistry  d 
metabolism.  As  some  of  the  acids  desired  are  bound  to  require  for  their 
preparation  aldehydes  which  cannot  readily  be  bought,  nor  ea^Iy  pre- 
pared in  the  pure  state,  a  method  was  desirable  which  would  obviate 
the  necessity  of  isolating  the  aldehydes  before  condensation  with  hydaa- 
toins.  This  seems  now  to  have  been  foimd  in  the  use  of  either  the  aS- 
acetates  or  the  phenylhydrazones,  instead  of  the  free  aldehydes. 

One  of  the  simplest  methods  for  the  laboratory  preparation  of  manj 
aromatic  aldehydes,  is  the  oxidation  of  the  corresponding  methyl  deriva- 
tives (IV)  with  chromic  anhydride  in  acetic  acid  and  acetic  anh3rdridr 
solution.  This  reaction  yields  the  aldehyde  diacetates  (V).  Ordinarily 
these  are  readily  hydrolyzed  to  the  aldehydes,  but  occasionally  they  ait 
so  difficultly  soluble  in  water  that  the  hydrolysis  is  unsatisfactory.  In 
any  case,  the  subsequent  distillation  with  steam,  and  ptuification  by 
means  of  the  bisulfite,  are  operations  that  woidd  vrillingly  be  avoided. 
Benzal  diacetate  reacts  normally  with  2-thiohydantoin,  and  there  is  no 
apparent  reason  why  this  reaction  should  not  be  a  general  one. 

Where  the  regeneration  of  the  aldehyde  is  not  required,  the  phenyl- 
hydrazone  is  one  of  the  favorite  derivatives  for  its  isolation  and  purifica- 
tion. It  may  often  be  fotmd  preferable  to  substitute  phenylhydrazones 
for  the  free  aldehydes  when  the  latter  are  not  themselves  readily  isolated 
Benzal  phenylhydrazone  condenses  normally  with  2-thiohydantoint  and 
the  reaction  is  evidently  a  very  general  one,  since  even  phenyl  glucosa- 
zone  can  be  so  condensed. 

Strictly  aliphatic  aldehydes  have  not  hitherto  been  condensed  with 
*  E.  Erlenmeyer,  Jr.,  Ber.,  30,  2981  (1897);  Ann.,  307,  146  (1899). 
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hydantoin  derivatives.  The  higher  aldehydes  wotild  be  expected  to  re- 
act normally,  but  the  lower  members  of  the  series  are  too  volatile  to  stand 
heating  to  the  required  temperatures,  except  in  a  sealed  tube.  Here  the 
phenylhydrazone  seems  to  solve  the  difficulty,  for  ethylidenephenyl- 
hydrazine  (VI)  condenses  with  2-thiohydantoin  to  give  2-tliio-4-ethyl- 
idenehydantoin  (VII),  the  first  compound^  of  Type  I,  in  which  R  is  an 

alkyl  group. 

Experimental  Part. 

Condensation  of  Benzal  Diacetate  with  2-Thiohydantoin. — The  con- 
densation was  made  in  the  usual  manner.  One  and  seven-tenths  grams 
of  2-tliiohydantoin,'  3-5  g*  (calc.  3.05  g.)  benzal  diacetate,  and  5  g. 
fused  sodium  acetate,  were  added  to  20  g.  glacial  acetic  acid,  and  the  mix- 
ture boiled  for  two  hours  under  a  reflux  condenser  in  a  metal  bath.  On 
diluting  with  water,  2-thio-4-benzal  hydantoin  separated,  and  was  freed 
from  any  diacetate  that  might  possibly  be  present  by  dissolving  in  dilute 
alkali  and  reprecipitating.  It  melted  at  258^,  and  was  identical  with 
the  product  obtained  by  Wheeler,  Nicolet,  and  Johnson.*  The  yield 
was  1 .9  g.  of  the  pure  product,  or  61 .3%. 

Condensation  of  Benzal  Phenylhydrazone  with  a-Thiohydantoin. — 
One  and  two-tenths  grams  of  2-thiohydantoin  was  condensed  as  described 
above  with  2.5  g.  (calc.  2.0  g.)  benzal  phenylhydrazone.  Addition  of 
water  precipitated  a  mixture  of  2-thio-4-benzal  hydantoin  and  unaltered 
phenylhydrazone,  from  which  dilute  alkali  dissolved  only  the  former. 
On  acidifying,  i .  13  g.  benzal  thiohydantoin  was  obtained,  corresponding 
to  a  yield  of  54%. 

Both  of  these  3delds  will  undoubtedly  be  somewhat  improved  by  work- 
ing with  larger  quantities. 

a-Thio-4-ethylidenehydantoin|  VU. — ^Three  grams  of  2-thiohydantoin 
were  condensed  with  a  slight  excess  of  acetaldehyde  phenylhydrazone 
by  boiling  for  two  hours  with  sodium  acetate  in  acetic  acid.  Addition 
of  water  precipitated  the  crude  compound,  which  was  purified  by  solu- 
tion in  alkali  and  crystallization  from  alcohol,  in  which  it  is  readily  solu- 
ble hot,  and  moderately  soluble  cold.  It  forms  a  yellow-brown  crystalline 
powder  which  melts  rather  indefinitely  at  253**,  and  is  only  very  slightly 

^  Since  this  paper  was  written,  Dr.  Treat  B.  Johnson  has  called  the  writer's  at- 
tention to  a  paper  by  Pinner  and  Lifschutz  (Ber.,  20, 2350  (1887)),  in  which  a  compound 
ttid  to  be  4-ethylidenehydantoin  was  described.  It  was  prepared  by  the  fusion  of 
ohchlorocrotonylurea,  and  named  "ethylidene  metapyrazolone."  The  few  properties 
of  this  substance  there  described  have  caused  both  Dr.  Johnson  and  msrself  to  question 
whether  the  substance  in  question  might  not  have  been  4-methyluracil.  This  point, 
and  also  some  anomalies  that  have  been  noted  in  the  condensation  of  ethylidene- 
phenylhydrazine  with  3-benzoyl-2-thiohydantoin,  will  be  ftuther  investigated. 

•  Tms  Journal,  33,  1978  (191 1). 

*  Am.  Chetn.  J.,  46,  470  (1911). 
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soluble  in  water.    The  analysis  shows  it  to  be  2-thio-4-ethyUdeiie  faydn- 
toin.     Nitrogen  (Kjeldahl). 

Calc.  far  C»H|ONjS:  N  « 19.72%.    Pound:  N  -19-57%. 

PiTTtBUKOB,   Pa. 
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The  characteristic  constituent  of  the  essential  oil  of  dtronella  is  an 

aldehyde,  having  the    composition  CioHigO,  and  known  as  citroodlic 

aldehyde,  or  citronellal.     In  an  investigation  of  this  oil,  in  1889,^  the  writer 

found  that  this  aldehyde  was  an  aliphatic  or  open-chain  compound,  sioglv 

unsaturated,   and  hence  homologous  with  acrolein.    This  was  ooe  of 

the  first  examples  of  open-chain  compotmds  closely  related  to  the  terpoe 

series,  and  the  first  clue  to  its  structure  was  afforded  by  the  conveisioo 

into  p'Cymene,  an  aromatic  hydrocarbon  frequently  found  as  the  fiittl 

transformation  product  of  many  terpene  derivatives.    To  explain  this 

reaction,  the  following  formula  was  suggested: 

CHi 

CH« 


HC^H  x:h. 


HCv  COH 


'\c 


H, 


+  Br,  =  +  2HBr  +  H,0 


H,C— C-CH, 

H,C— C— CH,  H 

H 

which  would  appear  to  locate  the  relative  positions  of  the  methyl  and 
isopropyl  groups,  but  leaves  the  position  of  the  unsaturation  tmdetemiioecL 
The  location  of  the  double  bond  was  deduced  from  the  apparent  fonnatioo 
of  iso-valerianic  add  on  oxidation.  Semmler^  also  reported  this  acid 
as  an  oxidation  product  of  the  aldehyde,  but  this  was  found  later  to  be 
erroneous. 

In  1896,  dtronellal  was  made  the  subject  of  an  investigation  by  Tiemanu 

CH, 


CHr-CH— CH, 

I  I 

CHr— CH     COH 


H,C— C— CHa 

(8)     (9) 

*  Am.  Chem.  /.,  11,  456  (1889). 

*  Ber.,  24,  201  (1891). 
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and  Schmidt.^    By  careful  progressive  oxidation,  they  obtained  methyl 
adipic  add  and  acetone,  which  result  pointed  to  the  above  formula. 

There  are,  however,  reasons  for  believing  the  double  bond  to  be  (8)-(9), 
and  that  a  rearrangement  occurs  during  the  oxidation. 

The  conversion  of  citronellal  into  a  cyclic  isomer  was  also  accompUshed 

by  Tiemann  and  Schmidt,  and  its  relation  to  the  menthol  group  was 

thus  estabUshed,  the  structm-e  of  isopulegone  being  subsequently  cleared 

up  by  Harries  and  Roeder.' 

CHi  CHs  CHt  CHi 

I  I  I  I 

H,C— C CH,  H,C— C— CH,  H,C— C— CH,         H,C— C— CH, 


H,C— CH,    COH 


H 


H,C— C— CH— OH        H,C— C— CO 


HtC — C*=CHi 
Citronellal. 


H,C— C— CO 

II 
H,C--C«:=CH,  H,C— C«=CH,  H,C— C— CH, 

Isopulegol.  Isopulegone.  Pulegone. 

Among  the  products  of  the  action  of  phosphoric  anhydride  on  citronellal, 
the  writer  found  a  crystalline  acid,  containing  phosphorus.'  This  com* 
pound,  called  provisionally  "citronellal  phosphoric  add,"  but  which  now 
might  more  properly  be  termed  "isoptdegol  phosphonic  add,"  has  the 
composition,  CioHif PO4,  and  is  formed  when  phosphoric  anhydride  acts  on 
dtronellal,  in  presence  of  a  little  water,  as,  tf.  g.,  in  moist  ether  solution: 

C10H18O  +  HPO,   «   CioHi»P04 

The  most  favorable  conditions  for  the  reaction  have  not  yet  been  de- 
termined, the  yield  being  at  best  about  25%  of  the  theoretical. 

This  compound  is  a  strong  monobasic  add,  yidding  a  series  of  well- 
defined  salts,  which  are,  in  general,  remarkably  crystalline.  It  is  diffi- 
cultly soluble  in  water,  but  easily  in  alcohol  and  chloroform,  and  mdts 
at  181-182^.  Prom  alcohol,  the  add  crystallizes  in  large,  transparent 
plates,  which  were  examined  by  the  writer,  in  1891,  in  the  laboratory 
of  Prof.  Rosenbusch,  at  Heiddberg. 

System:    Mono-symmetric. 

a  :  b  :  c  ::  1.9828  :  i  :  1.9745.     /5  —  57*  50'. 

Planes:     (001)  oP,  (100)     ooPoo»  (011)00  P. 

The  crystals  are  tabular,  (001 )  being  the  principal  plane.  A  plane  of  the  orthodoma 
zone  was  observed  on  only  one  crystal.  The  substance  however,  possesses  a  well- 
defined  deavage  according  to  this  plane,  from  which  the  value  of  the  axis  a  was  calcu- 
lated.   No  twinning  was  observed. 

Angles:    (001)  :  (100)    57  ** 
(001)  :  (on)    59' 
(100)  :  (loT)    60' 
(on)  :  (on)    61' 


50' 

6'  30' 

52' 

49'  (calc.) 


1  Ber,,  39,  904  (1896). 

« /Wa.,  3a,  3357  (1899). 

'  Am,  Ckem.  J.,  za,  553  (1890). 
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The  cleavage  according  to  the  basis  is  perfect,  large  sections  of  any  desiicd 
being  readily  obtained.  There  is  also  a  well-defined  cleavage  according  to  (Toi)  Im 
none  in  the  dinodomal  zone.  The  plane  of  the  optic  axes  is  perpendicular  to  the  phoe 
of  symmetry,  and  inclined  to  the  basis.  Double  refraction,  strong:,  negative.  Hod- 
zontal  dispersion,  weak.    The  angle  of  the  optic  axes  is  small. 

Salts. — ^The  potassium  salt  is  easily  obtained,  in  large,  transparat 

plates: 

i.ooo  g.  pure  acid,  titrated  with  0.5  N  KOH,  required  8.55  cc  (calc.  for  Ci«HuPO^ 
8.55  cc.).  The  solution  was  allowed  to  crystallize  in  desiccator,  and  the  fnodad  f^ 
crystallized,  and  dried  in  air.  1.147  g.  at  100 **  lost  0.1976  g.,  or  17.2%  (cdc  far 
KCioHi«P04.3HiO:  16.56%).  The  anhydrous  salt  yielded  on  ignition  43.44%  KFQ^ 
calc.  43-38%. 

Attempts  to  prepare  a  di-potassium  salt  were  unsuccessful  Tbe 
sodium  salt  also  crystallizes  in  large  plates,  much  resembling  those  d 
the  acid.  The  alkaline  salts  are  remarkably  stable;  no  decompositin 
was  noticed  on  long  boiling  of  the  aqueous  solutions. 

The  magnesium  salt  is  readily  soluble  in  water,  and  the  crystals  are 
like  the  sodium  salt;  the  calcium  salt  is  less  soluble,  but  crystallixes  i(dl 
from  hot  water.  The  silver  salt  is  at  first  a  curdy  precipitate,  wUd 
soon  becomes  crystalline,  and  under  the  microscope  ^diibits  dianuler- 
istic  forms. 

At  the  time  of  discovery,  very  little  could  be  inferred  as  to  tbe  structoR 
of  this  add.  The  formula  proposed  was  merely  empirical.  The  n- 
action  appeared  to  be  peculiar  to  citronellal,  yet  the  stability  and  gencfd 
properties  of  the  acid  made  it  improbable  that  it  could  be  considered  t 
true  member  of  the  citronellal  series. 

In  1894,  Marsh  and  Gardner'  described  two  crystalline  adds,  obtaiaed 
from  camphene  by  reaction  with  phosphorus  pentachloride,  and  slIb9^ 
quent  hydrolysis:  an  a  add,  CioHiTPOj-ViHjO  (m.  p.  about  160^,  and 
a  p  add,  CioHnPOs  (m.  p.  about  167°).  These  adds  showed  some 
resemblance  to  the  compound  from  dtrondlal,  yet  were  evidently 
bodies,  and  their  structtu'e  is  still  unexplained. 

Tiemann's  discovery  of  the  isopulegol  reaction,  however,  suggested 
the  possibility  that  the  add  might  be  really  a  derivative  of  isopulegol 
or  a  similar  cydic  nucleus,  and  a  study  of  the  decomposition  of  the  sodimi 
salt  on  heating  showed  that  this  was  probably  the  case. 

CioHi8P04Na  «  CoHisO  +  NaPO». 
This  decomposition  proceeds  smoothly,  and  at  a  comparatively  km 
temperature.  For  example,  9  g.  of  the  dry  sodium  salt,  in  a  small  &* 
tilling  flask,  were  heated  cautiously  tmtil  white  fumes  appeared.  After 
cooling,  5  g.  water  were  added,  and  the  mixture  distilled  to  dryness.  The 
residue  was  again  heated  to  fumes,  distilled  with  water,  etc.,  until  no 
more  oil  was  obtained.  The  product,  after  redistillation  with  wattf, 
*  J.  Chem.  Sac.,  65, 1,  35  (1894}. 
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was  a  light  colorless  oil,  with  an  odor  resembling  menthone.  It  was 
readily  soluble  in  70%  alcohol,  and  by  quantitative  acetylation  and  saponin 
fication,  showed  an  alcohol  content  of  92.5%  CioHigO. 

Chromic  acid  solution  reacts  immediately  with  the  alcohol,  and  the 
oxidation  product  has  the  characteristic  odor  of  pulegone.  i  g.  treated 
with  the  calculated  amount  of  chromic  add  in  25  cc.  of  water,  3rielded, 
on  steam  distillation,  0.5  g.  oil,  which  gave  a  well-crystallized  semicarba- 
zone,  melting  at  about  171^.  (Tiemann  obtained  from  isopulegone  a 
mixture  of  semi-carbazones,  melting  at  173^.) 

The  alcoholic  product  of  the  decomposition  of  the  sodium  salt  is  then 
most  probably  isopulegol,  and  the  formation  of  the  add  from  dtronellal 
is  due  to  a  ring-condensation  analogous  to  that  occturing  with  acetic 
anhydride. 

As  to  the  structure  of  the  add,  the  following  points  may  be  considered: 
I.  The  add  is  not  hydrolyzed  by  hot  alcoholic  potassium  hydroxide, 
nor  by  hot  dilute  sulfuric  add.  Hence  the  POj  group  is  directly  connected 
to  carbon,  and  the  compound  must  be  regarded  as  a  phosphonic  add, 

/OH  ^O 

R— PO  or       R— P— OH . 

^OH  \>H 

Normal  phosphonic  acids  are,  however,  dibasic,  while  the  add  in  question 
is  sharply  monobasic,  and  a  di-potassium  salt  could  not  be  prepared. 
It  is  to  be  noted  that  the  camphene  phosphonic  acids  of  Marsh  and  Gard- 
ner* appear  also  to  be  monobasic. 

2.  The  ready  formation  of  isopulegol  would  lead  to  the  assumption  of 
a  secondary  hydroxyl  group  in  the  add.  Boiling  acetic  anhydride, 
however,  leaves  the  add  unaltered;  chromic  add  and  cold  dilute  perman- 
ganate are  also  without  action,  so  that  the  presence  of  hydroxyl  (except 
possibly  in  tertiary  combination)  seems  improbable.  Nor  could  any 
indications  of  a  ketonic  group  be  obtained:  no  oxime,  or  phenylhydrazone 
could  be  prepared  from  the  add.  Moreover,  if  a  CO  group  were  present, 
menthone,  or  an  isomeric  ketone  should  result  from  the  decomposition 
of  the  alkaline  salt. 

3.  Isopulegol  behaves  as  an  unsaturated  secondary  alcohol,  but  the 
phosphonic  add  appears  to  be  a  saturated  compound.  A  solution  of 
the  sodium  salt  does  not  decolorize  bromine  water  in  the  cold,  nor,  as  al- 
ready mentioned,  does  it  reduce  a  weak  permanganate  solution.  On 
heating  with  bromine  water,  a  slow  reaction  occurs,  and  some  of  the 
add  crystallizes  out  imchanged. 

The  position  of  the  phosphonic  group  is,  of  course,  unknown,  and 
the  data  available  will  hardly  warrant  further  conjectures  as  to  the  molecu- 
1  Loc.  cii. 
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lar  design  of  this  acid.  It  is  e\ddent,  however,  that  isopulegol  phosfkoak 
add  is  a  peculiarly  characteristic  derivative  of  dtronellal.  The  rearnop^ 
ment  of  the  open-chain  aldehyde  to  a  cyclic  secondary  alcohol  is  uniqae 
and  the  fact  that  no  other  aldehyde  so  far  examined  has  yielded  an  anal- 
ogous compound,  is  easily  explained. 

It  appeared,  then,  not  improbable  that  this  reaction  might  be  utilized 
for  the  detection  of  dtronellal  in  oils  in  the  presence  of  other  alddijdes, 
especially  as  so  far  no  very  satisfactory  method  has  been  suggested. 

For  example,  we  find,  as  frequently  occurring  constituents  of  vaiioas 
essential  oils,  three  closely  related  aldehydes: 

1.  Decylic  aldehyde        C10H20O  (saturated)  (nonnal  dudo)  (?) 

2.  Citronellal  CioHisO  (unsaturated)  (terpeue  cfaatn) 

3.  Citral  CioHieO  (doubly  unsaturated)  (terpene  diain) 

The  first  has  been  found  in  the  oils  of  orange,  dtronella,  and  ginger; 
the  second,  in  the  oils  of  dtronella,  eucalyptus,  and  lemon;  the  tfairl 
in  oils  of  lemon,  orange,  lemongrass,  verbena,  etc. 

The  separation  of  these  aldehydes  can  be  accomplished  by  utilizing 
their  varying  behavior  with  bisulfite  solution.  The  saturated  deq4ic 
aldehyde  forms  a  normal  compound,  Ald.NaHSOa,  slightly  soluble,  and 
decomposed  by  sodium  carbonate.  Citronellal  also  yields  the  nonnd 
Ald.NaHSOa,  with  similar  properties,  but,  on  warming  with  excess  cf 
bisulfite,  or  in  dilute  acid  solution,  a  sulfonate  is  formed,  whidi  is  aat 
decomposed  by  sodium  carbonate  or  hydroxide.  Citral  forms  at  ka^ 
three  compounds:  in  cold,  add  solution,  Ald.NaHSOj,  unstable,  deoa«- 
posed  by  sodium  carbonate;  in  cold,  strongly  alkaline  solution,  Ald.sNa* 
HSO3,  very  soluble,  decomposed  by  cold  hydroxide,  not  by  carbonate; 
in  warm  add  solution,  Ald.2NaHS03,  not  decomposed  by  carbonate 
nor  hydroxide. 

Hence,  if  we  treat  a  mixture  of  the  aldehydes  (or  an  oil  containing  thenu 
with  a  solution  of  sodium  sulfite,  containing  some  bicarbonate  (to  neutiafis 
the  alkali  liberated),  citral  dissolves^  and  can  be  recovered,  in  good  y«H 
from  the  solution,  by  treatment  with'  cold,  strong  sodium  hydroxide 
From  the  portion  insoluble  in  neutral  sulfite,  decylal  and  dtronellal 
then  be  precipitated  by  slightly  acid  bisulfite,  in  the  cold.  If  the 
tion  is  heated,  citronellal  redissolves  slowly  and  permanently,  whik  tie 
normal  bisulfite  compound  of  the  saturated  aldehyde  generally  cn'stalliat$ 
from  the  solution  on  cooling.  From  the  crystals,  decylic  aldehyde 
be  obtained  by  careful  treatment  with  bicarbonate.^ 

In  this  way,  citral  and  decylic  aldehyde  can  generally  be  isolated  ui 
identified  without  much  difficulty,  but  citronellal  cannot  be  reco 
from  the  solution,  and  the  positive  detection  of  the  latter  in  the 
of  a  saturated  aldehyde  appears  impracticable. 
^  Dodge,  8th  Cangr.  Appl.  Chem.,  6,  77  (1912). 
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The  occurrence  of  citronellal  in  oil  of  lemon  has  been  reported  by  various 
observers.  Doebner,*  applying  his  general  aldehyde  reaction  with  pyro- 
racemic  acid  and  ^-naphthylamine,  obtained  a  mixtture  of  crystalline 
naphthocinchoninic  acids,  which  could  be  separated  into  the  citral  deriva- 
tive, melting  at  197®,  and  the  citronellal  derivative,  melting  at  225**, 
the  latter  in  larger  amount.  Tiemann'  fractioned  the  oil,  and  from 
the  high-boiling  sections,  by  the  sulfite  method,  could  isolate  a  small 
amount  of  aldehyde,  identified  as  citronellal  by  the  naphthocinchoninic 
acid.  The  amount  present  was  estimated  at  0.4%  (or  about  Vio  of  the 
citral) .  Schimmel  and  Co.*  consider  the  average  aldehyde  content  of  the  oil 
to  be:  citral,  4.8%;  citronellal,  1.2%.  Burgess,*  however,  was  unable 
to  confirm  the  presence  of  citronellal,  but  found  a  small  amount  of  a  lower 
saturated  aldehyde,  apparently  octoic  aldehyde,  von  Soden  and  Rojahn,* 
from  ID  kg.  of  oil,  obtained  besides  citral,  10-15  g.  of  a  mixture  of  alde- 
hydes, apparently  octoic  and  nonoic  aldehydes  and  citronellal. 

It  appears  possible  that  the  relatively  large  amount  of  citronellal 
found  by  Doebner  may  be  due  to  a  confusion  with  the  lower  aldehydes, 
the  presence  of  which  was  at  that  time  unsuspected.  Or,  on  the  other 
hand,  there  may  be  a  considerable  loss  of  citronellal  involved  in  the  sul- 
fite separation  used  by  Tiemann,  and  von  Soden  and  Rojahn. 

In  the  hope  of  obtaining  further  information  on  this  point,  the  phos- 
phoric reaction  described  above  was  tried  on  the  natural  oil  of  lemon, 
and  also  on  the  commercial  concentrated  oil,  containing  45-50%  aldehydes, 
but  in  neither  case  could  the  formation  of  the  isoptdegol  phosphonic 
acid  be  detected,  and  the  conclusion  appears  warranted  that  the  citro- 
nellal content  of  oil  of  lemon  is  quantitatively  insignificant. 

Summary. 

The  writer  has  made  a  further  examination  of  the  crystalline  add, 
containing  phosphorus,  resulting  from  the  reaction  of  phosphoric  an- 
hydride on  citronellal. 

The  compound  is  very  stable,  and  yields  a  series  of  well-crystallized 
salts.  By  dry  distillation  of  the  sodium  salt,  a  volatile  alcohol  was  ob- 
tained, apparently  identical  with  the  isopulegol  of  Tiemann,  a  cyclic 
isomer  of  citronellal.  The  acid  is  then  most  probably  a  phosphonic 
acid  of  isopulegol,  and  hence  a  very  characteristic  derivative  of  citronellal. 

Attempts  to  demonstrate  the  presence  of  citronellal  in  oil  of  lemon, 
by  means  of  this  reaction,  were  unsuccessful. 

BAYomis,  N.  J. 

^  Arck.  Pkarm.,  233,  688  (1894). 

*  Ber.,  32,  822  (1899). 

•  S.  &  Co.,  Ber.,  1900,  Oct.  25. 

*  /.  Chem.  Soc.,  79,  171  (1901). 

•  Ber,.  34,  2809  (1901). 
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Introduction. 

In  a  previous  paper^  we  have  reported  quantitative  detenninatioiis 
of  the  amino  adds  of  feedingstuffs  made  by  the  Van  Slyke  method.  Ad- 
ditional results  are  presented  in  this  paper.  For  easy  reference  and  com- 
parison, the  analytical  data  for  the  three  feeds — cottonseed  meal,  tank- 
age, and  alfalfa  hay — ^previously  reported  are  also  included  in  Tables  I 
and  II,  given  below.  The  duplicate  or  triplicate  results  reported  for  tbe 
same  feedingstuff  were  obtained  from  independent  hydrolyses  of  the 
same  sample.  The  figures  for  each  individual  constituent  represents 
the  average  of  two,  three,  or  more  determinations  upon  the  same  hydio- 
lyzed  solution. 

Since  the  pubUcation  of  otu:  first  paper,  Nollau,^  of  the  Kentucky 
Agricultural  Experiment  Station,  has  published  a  paper  giving  the  amino- 
add  content  of  certain  commerdal  feedingstuffs.  On  the  whole,  the  re- 
sults from  the  two  laboratories  do  not  agree  well.  In  some  detenmnft- 
tions  the  results  from  the  two  sources  are  quite  satisfactory,  but  in  nuoBf 
cases  the  agreement  is  far  from  satisfactory.  The  lack  of  ooncordbulK 
results  is  due,  in  part  at  least,  to  differences  in  the  details  of  procedure. 

In  the  first  place,  NoUau  removed  the  fat  by  extracting  the  finely  gromd 
feedingstuff  with  ether.  In  our  work  we  did  not  remove  the  fat  dcept 
in  the  case  of  tankage.  It  is  impossible  to  say  definitely,  at  the  pnsent 
time,  how  this  difference  in  procedure  would  lead  to  differences  in  the 
amino-add  determinations. 

In  the  second  place,  Nollau,  in  most  of  the  feedingstuffs,  filtered  the 
hydrolyzed  solution  to  remove  the  solid  residue  before  concentratia( 
under  reduced  pressure.  The  syrupy  residue  that  was  left  after  removinf 
the  excess  of  hydrochloric  add  was  dissolved  in  water,  and  the  solution 
diluted  to  250  cc.  The  total  nitrogen  determined  in  this  solution  wn 
the  basis  for  the  calculation  of  the  final  restdts  for  the  distribution  of  tiie 
nitrogen.  By  this  method  part  of  the  total  nitrogen  of  the  feedingstuffs «« 
removed  and  the  quantity  thus  discarded  was  not  determined.  This  proced- 
ure would  lead  to  low  humin-nitrogen  figures  and  correspondingly  Iq^ 
values  for  the  remaining  forms  of  nitrogen,  considered  on  the  basis  of  tke 
total  nitrogen  of  the  feedingstuffs.     Fiu-ther,  this  method  of  analysis  fc* , 

»  H.  S.  Grindley,  W.  E.  Joseph  and  M.  E.  Slater,  This  Journal,  37, 177S  (i^iiX 
'  /.  Biol.  Chem.,  21,  611  (1915). 
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to  give  results  for  the  distribution  of  the  total  nitrogen  in  the  feedingstuff s, 
and,  therefore,  such  results  cannot  be  used  to  calculate  the  nitrogen  of 
the  amino  acids  in  terms  of  the  feedingstuffs,  since  an  undetermined  part 
of  the  nitrogen  of  the  samples  was  discarded. 

By  our  method  of  procedure  the  hydrolyzed  solution  was  not  filtered 
before  removing  the  excess  of  hydrochloric  acid,  or  before  determining 
the  total  nitrogen,  the  ammonia  nitrogen,  or  the  humin  nitrogen.  There- 
fore, we  were  able  to  calculate  the  nitrogen  of  the  amino  adds  in  per  cent, 
of  the  feedingstuffs. 

In  the  third  place,  there  was  evidently  a  diiference  in  the  details  of  the 
method  for  the  determination  of  the  organic  sulfur  in  the  two  laboratories, 
for  the  cystine  values  of  Nollau  are  two  to  four  times  greater  than  ours. 
These  differences  in  the  cystine  values  often,  but  not  in  all  cases,  make 
Nollau's  lysine  values  considerably  less  than  those  obtained  in  this  labora- 
tory. 

In  the  fourth  place,  the  results  for  the  nonamino  nitrogen  of  the  fil- 
trate, as  obtained  in  the  two  laboratories,  clearly  indicate  a  difference 
in  the  method  of  procedure  in  this  determination.  The  nature  of  the 
difference  is  not  evident  at  present. 

Notwithstanding  these  marked  discrepancies  between  the  amino- 
add  determinations  of  the  two  laboratories,  we  feel  confident  from  the 
results  so  far  obtained  that  the  Van  Slyke  method  for  the  determina- 
tion of  the  chemical  groups  characteristic  of  the  amino  acids  of  protdns 
will  prove  of  much  value  as  applied  to  the  quantitative  determination 
of  the  free  and  combined  amino  adds  and  amides  of  feedingstuffs  when 
we  become  better  acquainted  with  the  details  of  the  method,  and  succeed 
in  adapting  it  to  the  specific  conditions  involved.  At  any  rate,  as  yet, 
it  is  the  only  method  that  has  been  used  for  the  determination  of  the 
amino-add  content  of  feedingstuffs,  and,  since  it  undoubtedly  gives  ap- 
proximatdy  quantitative  results,  it  should,  until  some  better  method  is 
devdoped,  be  used  in  gaining  knowledge,  that  will  aid  us  in  applying  to 
the  economic  and  nutritive  valuation  of  the  common  feedingstuffs,  the 
fast  accumulating  results  as  to  the  nutritive  value  of  the  amino  adds. 

In  this  connection  it  may  be  well  to  call  attention  again  to  the  fact 
that  the  object  of  the  work  reported  in  this  paper  and  the  preceding 
paper  is  to  determine  the  free  and  the  combined  amino  acids  and  the 
free  and  combined  amides  of  feedingstuffs,  and  not  merely  the  amino 
adds  and  the  amides  resulting  from  the  hydrolysis  of  the  proteins  of  the 
feedingstuffs. 

Variations  in  the  Percentages  of  Amino  Adds  in  Feedingstuffs. 

There  are  evidently  marked  variations  in  the  free  and  combined  amino- 
add  content  of  the  common  feedingstuffs.  This  variation  can  be  dearly 
and  readily  seen  from  Table  III,  which  gives  the  order  of  the  feedingstuffs 
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according  to  their  increasing  content  of  the  different  forms  of  the  nitro- 
gen, determined  by  the  Van  Slyke  method  and  expressed  in  percentage  of 
the  total  nitrogen  of  the  feedingstuff. 

Table  I. — ^The  Nitrogen  op  the  Amino  Acids  of  Fbedingstuffs. 
Results  Expressed  in  Percentage  of  the  Total  Nitrogen  of  the  Peedingstuffs. 


Ammonia 
Feedingstuff.  N. 

Blood  meal 5.98 

Blood  meal 5.74 

Blood  meal 5.83 

Average 5.85 


Tankage. . 
Tankage. . 
Tankage. . 
Average. 

Wheat.... 

Wheat 

Wheat.... 
Average . 


Rolled  wheat. 

Rolled  wheat. 

Average . . . 


Barley — 

Barley 

Average . 

Oats 

Oats 

Average . 


White  soy  beans . . 

White  soy  beans . . 

Average 

Cottonseed  meal. . 

Cottonseed  meal . . 

Cottonseed  meal . . 

Average 


6.52 
6.56 
6.66 
6.58 

7.71 
7.48 
7-57 
7.59 

7.02 

7.05 
7.04 

5.2X 

5" 
516 

2.98 

3.13 
306 

0.15 
0.09 
0.12 

0.46 
0.30 
0.59 
0.45 


Humin 

N. 

3.90 
3.81 

3.83 
3.95 

4.40 
450 
430 
4.40 

9.24 
8.98 
9.40 
9.21 

9.08 

8.99 
9.04 

8.79 
8.78 

8.79 

9.94 
9-93 
9-94 

6.56 
6.69 
6.63 

7.65 
7.78 
7.91 
7.78 


Argi-      CjB-     Histi- 
nine  N.  tine  N.  dine  K. 


9-47 

8.97 
9.04 

9.16 

14.38 
14.18 
1388 
1415 

7.72 
7.89 
8.37 
7.99 

8.10 
8.29 
8.20 

9.16 

9.75 
9.46 

1.46 

1-37 
1.42 


0.70 
0.68 
0.68 
0.69 

•27 

•24 
.32 
.28 

.37 
.33 
.32 

.34 

.64 
.67 
.66 


8.45 
8.52 

8.63 

8.53 

5.15 
4.76 

4.91 
4.94 

1.71 
1.77 

1-54 
1.67 

3.29 
3.12 

3-21 


.16  3.77 

.36  3.51 

.26  3.64 

.18  4.42 

.14  4.22 

.16  4.32 


2.74  0.66 
2.60  0.67 
2.67     0.67 


9.33 
9.49 
9.74 
952 

7.72 
7.64 
7.68 


0.62 
0.65 
0.67 
0.65 

0.79 
0.97 
0.88 


5.88 
5.65 
5-77 

5.28 
4.90 
6.23 

5-47 

7.39 
7-49 
7.44 


Lysine 

N. 

9.89 

9-59 
9.70 

9.73 

7.52 
7.64 
7.28 
7.48 

2.56 
2.44 
2.41 
2.47 

2.42 

2.53 
2.48 

1.64 

2.73 
2.19 

3.36 
3.61 

3.49 

6.08 
6.20 
6.14 

5.81 

4.33 
4.21 

4.78 

4.08 
4.12 
4.10 


Amino 
N.  in 
filtr. 
fipm 


55.21 

57.29 
57.20 

56.57 

52.36 

52.57 
52.24 

52.39 

46.81 
48.50 
47.69 

47.67 

47.89 

47.51 
47.70 

45.82 
45.80 
45.81 

51.27 

52.17 
51.72 

49.71 
49.86 

49.79 

42.61 
42.04 
43.80 
42.82 

43.88 

44.15 
44.02 


NOQ- 

amino  N. 
in  filtr. 
from 
bi 


4-73 
4.32 
4.21 

4-42 

7.27 

7.17 
7.38 
7.27 

12.32 
13.88 
14.58 
13.59 

13.86 
14.04 
13-95 

13.86 
13.81 
13.84 

7.85 
7.94 
7.90 

8.66 

8.45 
8.56 

5.74 
5.30 
5.26 

5.43 

10.14 
9-43 
9.79 


99-44 
02.27 
02.88 
01.53 

03.30 
03.20 
03.28 

99-4» 
00.85 

00.15 

OJ-51 
03.01 

00.41 
00^1 
00.35 

97.50 
94-79 

98.41 
96.90 

98.00 
98.15 
98.14 


Alfalfa  hay 8.46     15.54 

Alfalfa  hay 8.42     16.03 

Average 8.44     15.79 

The  Humin-Nitrogen  Content  of  Peedingstuffs* 

From  even  a  casual  inspection  of  the  results  for  the  amino  adds  of  feed- 
ingstuffs,  given  in  Table  I,  it  is  evident  that  the  humin-nitrogen  resnhs 
are  unusually  high,  with  the  exception  of  those  for  blood  meal  and  tai^* 
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Tablb  II. — Thb  Nitrogsn  of  the  Amino  Acids  op  Pbedingstupps. 
Results  Expressed  in  Percentage  of  the  Peedingstuff. 

Amino     Nob- 

N  in  amino  N  Total  Total 

Am-                    Argi-                  Histi-                  filtr.      in  filtr.       N  N 

monia.  Humln.   nine.  Csrstine.  dine.  Lysine,    from      from     bj  nun-  by  anal 

PeedingBtuff.                     N.           N.         N.          N.          N.         N.       t>ases.     bases,    mation.  ysis. 

Blood  meal 0.837  0546   1.325  0.098   1.041    1.383    7.724  0.662    13.616  13.988 

Blood  meal 0.803  0-534   1255   0.095    1191    1.342    7-907   0.604    i3-73i  13988 

Blood  meal 0.815  0-536   1.264  oo95    1305    1.356   7.982   0.589    13.942  13.988 

Average 0.818  0.539   1.281   0.096   1.179   1.360  7.871   0.618    13.762  13.988 

Tankage 0.653  0.440  1.439  0.128  0.516  0.753   5-238  0.729     9.896  10.013 

Tankage 0.657  o-45i    1420  0.124  0-477  0-765   5.264  0.718     9.876  10.013 

Tankage 0.667  0.430   1.390  0.132  0.492  0.729  5.213  0.739     9.782  10.013 

Average 0.659  0.440   1.416  0.128  0.495  0.749  5.238  0.729     9.854  10.013 

Wheat 0.383  0.200  0.167  0.030  0.037  0.055    i.oio  0.266     2.148  2.160 

Wheat 0.378  0.194  0.171   0.029  0.038  0.053    1.048  0.300     2.211  2.160 

Wheat 0.380  0.203  0.181   0.029  0.033  0.056   1.030  0.315     2.227  2.160 

Average 0.380  0.199  0.173  0.029  0.036  0.055    1029  0.294     2.195  2.160 

Rolled  wheat 0.276  0.147  0.131  0.027  0.054  0.040  0.774  0.225      1.674  1.620 

Rolled  wheat 0.276  0.146  0.134  0.027  0.050  0.041   0.770  0.228     1.672  1.620 

Average 0.276  0.147  0.133  0.027  0.052  0.041   0.772   0.227      1-675  1.620 

Barley 0.360  0.208  0.217  0.027  0.089  0.039    1.085  0.328     2.353  2.368 

Barley 0.358  0.208  0.231   0.032  0.083  0.065    1.085   0.327     2.389  2.368 

Average 0.359  0.208  0.224  0.030  0.086  0.052    1.085   0.328     2.372  2.368 

Oats 0.285  0.218  0.252  0.026  0.097  0.074   1.126  0.173     2.251  2.196 

Oats 0.289  0.218  0.250  0.025  0.093  0.080   1. 146  0.174     2.275  2.196 

Average 0.289  0.218  0.251   0.026  0.095   0.077    1.136  0.174     2.264  2.196 

White  soy  beans. .  0.579  0.374  0.727  0.037  0.335  0.347   2.834  0.494     5-727  5-702 

White  soy  beans. .  0.576  0.381  0.725  0.038  0.322  c.354  2.843   0.482     5.721  5.702 

Average 0.578  0.378  0.726  0.038   0.329  0.351    2.839  0.488     5.727  5.702 

Cottonseed  meal . .  0.702  0.514   1.298  0.041   0.355  0,390  2.862   0.385     6.547  6.694 

Cottonseed  meal. .  0.692  0.522    1.309  0.044  0.329  0.291    2.824  0.356     6.367  6.694 

Cottonseed  meal. .   0.711   0.531    1.326  0.045   0.418  0.283   2.941   0.353     6.608  6.694 

Average 0.702   0.522    1.311   0.043  0.367  0.321    2.876   0.365     6.507  6.694 

Alfalfa  hay 0.221  0.408  0.203  0.021  0.194  0.107    1160  0.248     2.553  2.628 

Alfalfa  hay 0.222  0.421   0.201  0.023  0.197  0.108    1.153  0.266     2.593  2.628 

Average 0.222   0.415  0.202  0.022   0.196  0.108    1.157   0.257     2.579  2.628 

age,  as  compared  with  those  for  the  pure  isolated  proteins.  The  highest 
humin  nitrogen  reported  by  Van  Slyke^  for  pure  proteins  was  3.6%  in 
the  case  of  ox  hemoglobin.  Hartley^  reported  2.5%  of  humin  nitrogen 
in  euglobulin  of  ox  serum.  Our  results  for  humin  nitrogen  in  feeding- 
stuffs,  excepting  blood  meal  and  tankage,  are  from  two  to  four  and  one- 

*  J.  Biol.  Chem.,  xo,  54  (1911). 

*  Biochem.  J.,  8,  543  (1914). 
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Ammonia  N. 

Bloody  meal 5.85 

Tankage 6.58 

Alfalfa  hay 8.44 

White  soy  beans ...  10. 1 2 

Cottonseed  meal ...  x  0.45 

Oats 13.06 


Tablb  III. — Ten  Ordbr  of  thb  Fbkdingstuvfs  Accordxko  toTbbix  UKMUatm 
Content  op  the  Dippbrbnt  Forms  op  Nitrogen  Detbrmimbd  by  ths  Vax 
Slykb  Mbtbod  and  Exprsssbd  in  Pbrcsntags  op  thb  Total  NmoGW 

op  thb  Fbbdingstupp. 

Melanine  N. 

Blood  meal 3.85 

Tankage 4.40 

White  soy  beans  ....  6.63 

Cottonseed  meal  ....  7.78 

Barley 8.79 

Rolled  wheat 9.04 

Barley 15.16    Whole  wheat 9.21 

Rolled  wheat 17-04    Oats 9.94 

Wholewheat 17.59    Alfalfa  hay 15.79 

Histidine  N.  •   Cystine  N. 

Wholewheat 1.67  Cottonseed  meal 0.65 

Rolled  wheat 3.21  White  soy  beans 0.67 

Barley 3.64  Blood  meal 0.69  Rolled  wheat 248 

Oats 4.32  Alfalfa  hay 0.88  Oats 349 

Tankage 4.94  Oats i . x6  Alfalfa  hay 4t<^ 

Cottonseed  meal. . .  5.47  Barley 1.26  Cottonseed  meal 4.7* 

White  soy  beans . . .  5.77  Tankage 1.28  White  soy  beans 6.14 

Alfalfa  hay 7.44  Whole  wheat 1.34  Tankage 74B 

Blood  meal 8.53  Rolled  wheat 1.66  Blood  meal 9.73 


ArginineN. 

Alfalfa  hay 7^ 

Whole  wheat 7.99 

Rolled  wheat 8jo 

Blood  meal 9.16 

Barley 946 

Oats 1143 

White  soy  beans 12A1 

Tankage 14.15 

Cottonseed  meal 19.52 

Lysine  N. 

Barley 2.19 

Wholewheat 247 


Amino  N  in  the  filtrate 
from  the  bases. 

Cottonseed  meal 42.82 

Alfalfa  hay 4402 

Barley 45.81 

Whole  wheat 47.67 

Rolled  wheat 47-70 

White  soy  beans 49-79 

Oats 51.72 

Tankage 52-39 

Blood  meal 56.57 

Diamino  add  N. 

Whole  wheat 13-47 

Rolled  wheat 15.54 

Barley 16.55 

Alfalfa  hay 20.10 

Oats 20.39 

White  soy  beans 25.25 

Tankage *.  27.88 

Blood  meal 28.11 

Cottonseed  meal 3042 


Non-amino-N  in  the  filtrate 
from  the  bases. 

Blood  meal 44a 

Cottonseed  meal 543 

Tankage 7.27 

Oats 7.90 

White  soy  beans 8.56 

Alfalfa  hay 9.79 

Whole  wheat 13.59 

Barley 13.84 

Rolled  wheat 1395 

Monoamino  Add  N. 

Cottonseed  meal 48.25 

Alfalfa  hay 54.81 

White  soy  beans 58.35 

Oats 59.62 

Tankage 59.66 

Barley 59.69 

Blood  meal 6a99 

Whole  wheat 61.26 

Rolled  wheat 61-65 


half  times  greater  than  the  result  of  Van  Slyke  for  ox  hemoglobin.    Vas 
Slyke  found  7.42%  of  humin  nitrogen  in  dog's  hair. 

The  high  humin  results  are  undoubtedly  due,  in  part  at  least,  to  the  pres- 
ence of  soluble  carbohydrates,  judging  from  the  researches  of  Gortnff 
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and  Blish^  and  of  Maillard'  and,  possibly  also  to  glycerol  formed  from 
fats  by  hydrolysis,  judging  from  the  researches  of  Maillard.' 

Gortner  and  Blish  have  shown  that  the  humin  nitrogen  of  0.5  g.  of  piu'e 
zein  was  increased  from  o. 46  to  i . 84%  by  the  presence  of  o. 50  g.  of  pure 
dextrose  during  the  hydrolysis  of  the  pr6tein.  They  have  further  demon- 
strated that  the  humin  nitrogen  of  i  g.  of  pure  gliadin  was  increased  from 
0.59  to  0.94  per  cent,  by  the  presence  of  0.25  g.  of  pure  dextrose,  and 
from  0.59  to  2 .30  per  cent,  by  the  presence  of  2 .0  g.  of  dextrose,  during 
the  hydrolysis.  Gortner  and  BUsh  have  also  demonstrated  that  when 
tryptophane  was  boiled  with  mineral  add  in  ptu'e  solution  no  humin 
was  formed,  but  when  tryptophane  was  added  to  a  protein,  or  when  carbo- 
hydrates were  present,  an  abundance  of  humin  was  formed.  When  an 
abundance  of  carbohydrate  was  present,  they  found  that  86%  of  the  tryp- 
tophane  nitrogen  remained  in  the  humin-nitrogen  fraction. 

The  experiments  of  Osborne,  Van  Slyke,  Leavenworth,  and  Vinograd* 
have  confirmed  the  results  of  Gortner  and  Blish  in  proving,  first,  that 
tryptophane  when  boiled  v^ith  20%  hydrochloric  acid  in  pure  solution 
does  not  form  humin,  second,  that  tryptophane  .  when  boiled  with  20% 
hydrochloric  acid  in  the  presence  of  glucose  yields  86%  of  its  nitrogen 
in  the  form  of  humin,  and  third,  that  the  presence  of  glucose  during 
hydrolysis  increases  the  humin  content  of  proteins.  They  found  that  the 
presence  of  glucose  increased  the  humin  content  of  lactalbumin  from 
about  2.32  to  3.70%. 

Maillard  has  apparently  demonstrated  that  the  amino  adds,  in  general, 
readily  react  with  the  sugars  in  water  solutions  at  temperatures  from 
100^  to  150 ^'y  or  below,  to  form  humin-like  substances  that  contain  nitro- 
gen. Further,  this  investigator  daims  that  glycerol  acts  upon  amino 
acids  at  increased  temperatures,  forming  polypetids,  and  that  a  second- 
ary product  possessing  humin-like  properties  is  produced. 

It  is  not  dearly  apparent  from  the  publications  of  Maillard  that  such 
reactions  as  he  maintains  take  place  between  amino  adds  and  carbohy- 
drates and  between  amino  adds  and  glycerol  would  occur  in  strong  acid 
solutions  such  as  those  used  in  the  hydrolysis  of  proteins,  but  it  seems 
probable  that  the  humin  substances  would  be  produced  under  such  condi- 
tions. 

Unfortunatdy,  for  the  good  of  the  methods  for  the  analysis  of  pro- 
teins, the  condusion  of  Gortner  and  Blish,  that  in  all  probability  the 
humin  nitrogen  of  protein  hydrolysis  has  its  origin  in  the  tryptophane 
nudeus,  is  apparently  not  true,  since  humin  contains  in  addition  adsorbed 
nitrogen  from  other  amino  adds.    That  their  condusion  is   probably 

>  This  Journal,  37»  1630  (1915)- 

•  Compt.  rend.,  154,  66-68  (1912);  and  Compt.  rend,  Biol.,  72,  599-601  (1912). 

»  Compt.  rend.,  153,  1078-1080  (191 1);  and  Compt.  rend.  Biol.,  71,  546-549  (191 1). 

*  /.  Biol.  Chem.,  22,  259  (1915). 
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not  true  seems  apparent  from  the  researches  of  Maillard.  Fmther,  we 
have  obtained  results  that  clearly  indicate  that,  in  addition  to  tryptophane, 
a  number  of  other  amino  acids,  when  gently  boiled  with  20%  hydroclilohc 
acid  for  24  to  36  hours  in  the  presence  of  pure  glucose  give  humin  nitro- 
gen. Preliminary  experiments  siiow  that  imder  the  above  treatment 
4 . 7  and  6 . 3%  of  the  total  nitrogen  of  lysine  and  cystine,  respectively,  is 
separated  as  humin  nitrogen.  These  results,  when  confirmed  by  experi- 
ments now  under  way,  will  be  published  in  full. 

From  the  results  of  Gortner  and  Blish,  and  from  our  experiments,  it 
seems  somewhat  probable  that  tryptophane  enters  into  chemical  com- 
bination with  carbohydrates  as  suggested  by  Gortner  and  Blish,  and  that 
the  other  amino  acids  are  to  a  greater  or  less  extent  adsorbed  by  the  humin 
substances  formed  by  the  action  of  mineral  acids  upon  carbohydrates. 
The  fact,  that  in  the  experiments  of  Gortner  and  Blish,  the  humin  nitro- 
gen of  zein,  a  trjrptophane-free  protein,  was  increased  from  o. 46  to  i  .84^ 
by  the  presence  of  0.50  g.  of  dextrose  dimng  the  hydrolysis,  indicates 
that  adsorption  of  amino  acids  had  resulted. 

The  researches  of  Gortner  and  Blish,  Maillard,  and  the  authors  of  this 
paper,  therefore,  apparently  show  that  the  high  htunin  nitrogen  results 
we  have  obtained  in  the  direct  analysis  of  feedingstuffs  by  the  Van  Sl^ 
method  are  due,  in  large  part,  to  the  presence  of  soluble  carlxAydrates 
during  the  hydrolysis  of  the  proteins. 

It  is  also  possible  that  the  high  humin  nitrogen  which  results  during 
the  analysis  of  feedingstuffs  is  due,  in  part,  to  the  presence  of  ceUokee 
which  mechanically  prevents  the  complete  hydrolysis  of  the  pratein& 
The  results  for  the  humin  nitrogen  given  in  Table  III  seem  to  indicate 
that  such  may  be  the  case.  Experiments  are  now  being  made  to  deter- 
mine the  completeness  or  incompleteness  of  the  hydrolysis  of  the  pro- 
teins of  feedingstuffs  containing  relatively  large  amounts  of  crude  fiber. 

The  high  results  for  humin  nitrogen  obtained  in  this  work  constitute 
a  source  of  error  in  the  direct  application  of  the  Van  Slyke  method  to  the 
analysis  of  feedingstuffs,  since,  on  the  average,  from  8  to  10%  of  the  total 
nitrogen  of  the  feedingstuffs  is  separated  in  the  humin,  which  is  an  un- 
known mixture  of  secondary  products,  formed,  probably,  from  a  num- 
ber of  the  amino  acids  resulting  from  the  hydrolysis.  Judging  from 
the  results  for  alfalfa  hay,  this  error  is  greater  for  the  roughages  than  for 
the  concentrates.  However,  it  is  to  be  hoped,  that  further  studies  wifl 
make  it  possible  either  to  reduce  the  quantity  of  nitrogen  separated  as 
humin,  or  to  determine  the  quantities  of  nitrogen  of  the  several  anuno 
acids  represented  in  the  humin  fraction. 

Summary. 

I.  The  results  here  reported  confirm  the  conclusion  previously  drawn, 
namely,  that  the  Van  Slyke  method  for  the  determination  of  the  chcm- 
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ical  groups  characteristic  of  the  amino  acids  of  proteins  can  be  apphed 
directly  to  the  quantitative  determinations  of  the  amino  acids  of  feeding- 
stuffs  with  at  least  a  fair  degree  of  accuracy. 

2.  The  results  which  we  have  obtained  for  the  quantitative  determina- 
tion of  amino  adds  in  feedingstuffs,  on  the  whole,  do  not  agree  well  with 
those  recently  published  by  Nollau.  In  some  determinations  the  results 
from  the  two  sources  are  quite  satisfactory,  but  in  many  cases  the  agree- 
ment is  far  from  satisfactory.  The  lack  of  concordant  results  is  proba- 
bly due  in  the  main  to  differences  in  the  details  of  procedure  in  the  experi- 
mental work. 

3.  The  results  reported  in  this  paper  show  that  there  are  pronounced 
variations  in  the  free  and  combined  amino-acid  content  of  the  common 
feedingstuffs  expressed  in  percentage  of  the  total  nitrogen.  There  are 
also  wide  and  marked  variations  in  the  distribution  of  the  nitrogen  of 
the  free  and  combined  amino  acids  in  the  feedingstuffs,  expressed  in  per- 
centage of  the  feedingstuff. 

4.  It  seems  probable  that  the  high  results  for  humin  nitrogen  obtained 
in  the  direct  analysis  of  feedingstuffs  by  the  Van  Slyke  method  are  due, 
in  part,  to  the  presence  of  soluble  carbohydrates  during  the  hydrolysis 
of  the  proteins.  It  also  seems  probable  that  the  high  humin  nitrogen 
which  is  obtained  in  the  analysis  of  feedingstuffs  may  be  due,  in  part, 
to  the  presence  of  cellulose,  which  mechanically  prevents  the  complete 
hydrolysis  of  the  proteins. 

5.  The  high  results  for  humin  nitrogen  constitute  a  sotu'ce  of  error 
in  the  direct  application  of  the  Van  Slyke  method  to  the  determination 
of  the  free  and  combined  amino  acids  and  amides  of  feedingstuffs. 

Ukbana,  III. 
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The  object  of  the  work  described  in  this  paper  is  the  study  of  the  in- 
fluence of  sodium  chloride  upon  the  hydrolysis  of  cane  sugar  by  invertase. 
The  great  susceptibility  of  the  action  of  invertase  to  small  amounts  of 
acids  and  alkalies  has  been  observed  by  Kjeldahl/  O'SuUivan  and  Tomp- 
son,^  and  others. 

Sorensen*  made  an  important  advance  when  he  showed  that  the  ac- 

^  Meddelelser  fra  Carlsherg  LaborcUarit,  i,  337  (188 1). 
*  /.  Chem.  Soc.,  57,  835  (1890). 
'  Biochem.  Ztg.,  ax,  131-304  (1909). 
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tivity  of  in vertase  is  a  function  of  the  concentration  of  hydrogen  ion  nttfaer 
than  of  the  absolute  amount  of  acid  present.  Furthermore,  for  any 
given  concentration  of  hydrogen  ion,  the  activity  of  the  invertase  is 
independent  of  the  nature  of  the  anion  furnished  by  the  adds  that  he 
tried,  namely,  hydrochloric,  stdfuric,  phosphoric  and  citric.  He  also 
measured  the  particular  concentration  of  hydrogen  ion  at  whidi  invertase 
exhibits  its  maximum  activity,  and  found  it  to  be  in  the  neighbortiood  of 
lo*"*-*  mols  hydrogen  ion  per  liter  at  a  temperature  of  52.5®.  We  are 
greatly  indebted  to  S6rensen  for  working  out  in  detail  the  methods  for 
the  measurement  of  the  concentration  of  hydrogen  ion  in  enzymatic  re> 
actions  in  general.  The  results  of  Michaelis  and  Davidsohn^  and  of  the 
present  work  confirm  Sdrensen's  observations  as  to  the  optimum  zone 
of  invertase  activity.  One  may,  therefore,  accept  with  reasonable  as- 
surance that  the  relationship  existing  between  the  concentration  of  hydro- 
gen ion  and  the  activity  of  invertase  has  been  definitely  determined. 

As  regards  the  effect  of  salts  upon  the  activity  of  invertase,  it  seems 
that  the  most  extensive  work  with  this  purpose  in  view  is  that  of  Cole,' 
but  his  results  do  not  admit  of  any  reliable  conclusions  because  he  did 
not  record  the  concentration  of  hydrogen  ion  in  his  respective  experi- 
ments.   As  he  himself  says: 

"I  have  tried  the  effect  of  mixtures  of  HCl  and  chlorides  on  the  action  of  iBveitiii 
but  the  results  have  been  very  unexpected  and  difficult  to  interpret" 

MichaeUs  and  Davidsohn'  carried  out  one  experiment  with  Af/710 
potassium  chloride,  but  consider  that  the  concentration  of  the  potassium 
chloride  is  too  small  to  exert  any  disturbing  influence.  They  also  tried 
an  experiment  with  M/225  potassium  chloride,  and  one  with  M/150 
potassium  chloride  but  they  do  not  discuss  their  results  with  reference 
to  the  salt  effect. 

In  view  of  the  negative  results  of  Cole  and  because  of  the  recognized 
importance  of  the  influence  of  salts  in  hydrolytic  cleavage  reactions  in 
general,^  the  authors  of  this  paper  deemed  it  advisable  to  start  with  tbe 
study  of  the  effect  of  sodium  chloride  upon  the  activity  of  invertase  in 
the  hydrolysis  of  cane  sugar.  In  the  elaboration  of  the  experimental 
detail,  they  have  been  guided  by  two  main  considerations:  the  one  of 
theoretical  interest  to  see  if  further  insight  could  not  be  gained  into  tbe 
mechanism  of  the  inversion  of  cane  sugar;  the  other  of  practical  vahie  to 
determine  whether  the  use  of  so-called  * 'buffers"  (mixtures  of  adds  and 
salts)  which  many  investigators  employ  to  secure  their  desired  concen- 

*  Biochem.  Ztg.,  35,  386  (191 1). 

*  /.  Physiol.,  30,  281  (1904). 

*  Loc.  cU. 

^Vide  Spohr,  Z.  physik.  Chem.,  2,  194  (x888);  Arrfaenius,  Ibid.,  4,  326  (1889); 
Euler,  Ihid.,  32,  348  (1900). 
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tration  of  hydrogen  ion,  gives  results  which  are  comparable  with  those 
obtained  for  the  same  concentration  of  hydrogen  ion  secured  by  the  use 
of  adds  or  alkalies  alone. 

The  general  plan  of  procedure  in  this  work  has  been  to  measure  the 
activity  of  invertase  at  various  concentrations  of  hydrogen  ion  ranging 
from  io~*-*  to  io~^*,  then  to  measure  the  activity  over  the  same  range 
of  hydrogen  ion  concentrations  in  the  presence  of  o.i,  0.5  and  2  molar 
sodium  chloride. 

The  relationship  between  the  activity  of  invertase  and  hydrogen  ion 
concentration  has  been  found  to  be  briefly  as  follows  for  the  conditions 
given:  total  volume  of  solution,  100  cc;  amount  of  cane  sugar,  0.500  g.; 
amount  of  invertase,  10  cc.  of  working  solution  of  invertase;^  concen- 
tration of  hydrochloric  acid,  enough  to  give  the  desired  concentration 
of  hydrogen  ion;  temperattu^  37**  =*=  o.oi**.  For  details,  see  experiments 
Nos.  2,  7,  II  and  17. 

Value  of  ^H**" 1.4         3.1       3-3       4-5      6.0      6.3       6.5 

Activity None         75        85        94        51        33        26 

llie  term  pu'^  is  Sorensen's  symbol  for  expressing  the  concentration 
of  the  hydrogen  ion.  The  values  are  the  negative  exponents  to  which 
the  number  ten  must  be  raised  in  order  to  equal  the  given  concentration. 
Thus,  pn"^  =  4.5  means  that  the  concentration  of  hydrogen  ion  is  equal 
to  lo""**  =  0.00003  mol  hydrogen  per  liter.  Since  the  values  of  pj^"^ 
represent  negative  exponents,  it  follows  that  the  smaller  the  numerical 
value  of  f  h"*"  the  larger  the  concentration  of  hydrogen  ion  and  vice  versa; 
for  0.1  M  hydrochloric  acid  p^"^  —  1.04,  while  for  o.i  M  sodium  hydroxide 
Pa"^  =  13.06.  The  authors  have  found  it  very  convenient  to  designate 
the  symbol  pn"^  by  the  term  *'index"  and  it  is  employed  in  this  sense 
throughout  this  article. 

Armstrong  and  Armstrong'  strongly  object  to  indicating  the  concen- 
tration of  hydrogen  ion  in  this  way,  but  it  would  seem  that  they  are  not 
fully  familiar  with  the  scheme  as  is  evident  from  the  following  quotation 
from  their  article : 

"It  is  difficult  enough  for  nonmathematical  readers  to  appreciate  values  stated 
in  terms  of  the  expression  x  X  10 ~'  or  10"^  but  it  is  still  more  difficult  for  them  to 
follow  the  method  adopted  by  S6rensen,  the  first  to  introduce  order,  and  one  of  the 
chief  workers  in  this  field,  who  uses  the  indices  alone  (the  y  values)  as  the  exponents 
of' the  hydrogen-ion  concentration,  so  that  values  below  7  indicate  alkalinity  and  those 
above  7  acidity." 

>  Prepared  each  time  as  wanted  by  diluting  xo  cc.  of  a  stock  solution  of  invertase 
to  100  cc.  and  then  taking  10  cc.  portions  from  this  xoo  cc.  The  stock  solution  was 
mGule  from  invertase  prepared  by  Nelson  and  Bom  (This  Journai^,  36,  393  (19x4)) 
and  contained  7  g.  invertase  per  liter.  It  showed  no  decrease  in  activity  after  being 
kept  for  one  year  in  the  ice  box. 

«  Proc.  Ray.  Soc.,  (B)  86,  576  (19x3). 
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Activity. — ^The  values  in  the  activity  column  are  the  values  of  the  v^ 
locity  coefficients   X    lo^  calculated  from  the  monomolecular  equation 

fe  =  —  log (A),  where  t  is  the  time  in  minutes,  and  the  logaritbns 

are  those  to  the  base  ten.     It  is  to  be  pointed  out  that  the  values  of  the 
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velocity  coefficients  calculated  from  this  equation  differ  somewhat  from 

those  calculated  from  the  equation  fe  =  Ipg (B).    The  use 

U,  —  i\        a  —  Xi 

of  Equation  A  seems  to  give  smoother  results.  It  is,  therefore,  neces- 
sary in  comparing  values  obtained  by  different  workers  to  see  that  they 
are  evaluated  by  means  of  the  same  equation,  as  is  evidenced  by  takiof 
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one  of  0*Sullivan  and  Tompson's  experiments,'  the  results  of  which  have 
been  calculated  by  Hudson*  according  to  (A)  and  by  Sorensen'  according 
to  (B). 

The  above  illustration  has  been  cited  because  of  the  importance  that 
the  velocity  coefficients  have  played  in  the  discussions  as  to  whether  the 
inversion  of  cane  sugar  by  invertase  can  be  regarded  strictly  as  a  mono- 
molecular  reaction  or  not. 

Effect  of  Salt. — In  adjusting  the  acidity  of  the  solutions  for  the  tests 
at  an  index  of  1.5,  it  was  found  that  when  the  same  amounts  of  hydro- 
chloric acid  were  made  up  to  the  same  volume  with  water  and  with  solu- 
tions of  sodium  chloride  so  that  the  resulting  concentration  of  sodium 
chloride  was  respectively  o.i,  0.5  and  2.0  M,  the  resulting  indices  of  the 
solutions,  as  measured  by  the  electromotive  force  method  (described 
subsequently  in  this  article)  were  in  each  case  different,  and  in  such 
wise  that  the  greater  the  concentration  of  sodium  chloride,  the  less  the 
value  of  the  index;  or  in  other  words,  the  greater  the  concentration  of 
hydrogen  ion. 

Thus  the  following  results  were  obtained,  when  in  the  final  volume  of 
the  solution  the  concentration  of  the  hydrochloric  acid  was  0.045  ^' 
and  the  concentration  of  sodium  chloride  as  given: 

0.11/  0.5  if  2.0  M 

No.  salt.  NaCl.  NaCl.  NaCl. 

E.  m.  f .  (volts)  at  25 ° 0.4185  0.4160         0.4100  0.3936 

Value  of  ^h"^ 1.41  1-37  1-27  i.oo 

Cone,  of  hydrogen  ion 0.039  0.043  0.054  o-  *oo 

%  increase  of  H"*" 10.3  38.5  156.0 

This  increase  of  hydrogen  ion  concentration  seems  also  to  be  in  line  with 
the  increase  of  the  velocity  coefficients  obtained  in  the  hydrolysis  of 
cane  sugar  under  the  same  conditions  as  regards  concentration  of  hydro- 
chloric  acid   and   concentration   of  sodium   chloride    (see   Experiments 

Nos.  I,  3  and  5)  as  is  shown  herewith: 

0.1  M         0.5  M  2.0  M 

No.  salt.         NaCl.  NaCI.  NaCl. 

Vel.  coeff.  at  37**.    Cone.  HCl  0.045  M    0.00073         •  •  •         0.00093        0.00176 
%  increase  of  vel.  coeff ...  ....        27 . 4  141 .  o 

Loomis  and  Acree^  observed  that  the  addition  of  potassium  chloride 
to  acetic  acid  solutions  slightly  increases  the  dissociation  of  the  acetic 
acid,  although  the  validity  of  their  results  has  been  questioned  by  McBain 
and  Coleman.*  B.  von  Szyzkowski*  cites  the  fact,  which  the  authors 
have  also  noticed,  that  methyl  orange  behaves  as  if  the  concentration  of 

^  Loc.  cii. 

*  Tms  Journal,  30,  1160  (1908). 
'  Am.  Chem.  J.,  46,  621  (191 1). 

*  /.  Chem.  Sac.,  105,  15 17  (1914). 

*  Z.  physik.  Chem.,  78,  426  (191 2). 
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hydrogen  ion  is  increased  when  sodium  chloride  is  added  to  a  veiy  dilnte 
solution  of  hydrochloric  add.  Poma^  states  that  the  presence  of  sodiuffl 
chloride  as  well  as  the  chlorides  of  other  alkali  metals  increases  the  coo- 
centration  of  hydrogen  ion  of  hydrochloric  acid  solutions. 

Apart  from  whatever  theoretical  importance  the  above  observation 
may  have,  it  illustrates  the  necessity  of  actually  measuring  the  concen- 
tration of  hydrogen  ion  in  all  such  experiments  rather  than  calculating 
it  from  the  molarity  of  the  add  used  and  the  concentration  of  the  salt 
added. 

In  the  experiments  which  follow  (1-17)  10  cc.  of  cane  sugar  solutku, 
containing  0.500  g.  of  cane  sugar  were  used  in  every  instance,  together 
with  the  other  additions  as  indicated.    The  temperature  was  37  ^  o.oi*. 

Effect  at  ^H**"  =  140. — ^The  results  of  the  measturements  of  the  activity 
of  invertase  at  an  index  of  1.40  and  less,  show  that  invertase  has  no  in- 
verting action,  irrespective  of  whether  there  is  no  sodium  chloride,  0.1, 
0.5  or  2.0  M  sodium  chloride  present.     (See  Expts.  i  to  6  inclusive.) 

Tablb  I. 
Ezpts*  z-6;  9  cc.  of  0.5  M  HCl  added  in  every  case,  other  additions  as  noted. 

No.  i:    81  cc.  water;  ^h"*"  **   i-4i  («•  m.  f.  25"). 

Minutes 180          210  225  255  285 

Mg.  cane  sugar  inverted 12.4         14.8  16.0  17.6  19.4 

K  X  10*  (acid  alone) 6.9          7.3  7.4  7.4  7.5 

No.  2:     -f  71  cc.  water;  +10  cc.  invertase  working  solution  containing  04307  1 
invertase;  ^h"*"  "  1.42.  1.43  (e.  ni.  f.  25®). 

Minutes x8o  210  225  255         285 

Mg.  cane  sugar  inverted.. 12.4        14.8        16.0        17.6       19.4 

K  X  ID* No  inversion  by  invertase. 

No.  3:     +31  cc.  water;  +50  cc  i.o  If  NaCl;  ^h**"  ■■  1-^7,  1-27  (c.  m.  f.  25*). 

Minutes X5  30  45  60  90         i» 

Mg.  cane  sugar  inverted a. 6        4.7  6.8        8.8       xi.5 

K  X  10*  (add  4- NaCl) ..         7.7        9.5         10.6        9.3         9-5 

No.  4:     +21  cc.  water;  +50  cc.  i.oM  NaCl;  +10  oc.  invertase  working  ioliitioi 
containing  0.007  8-  invertase;  ^h"*"  ■=  1.27,  1.27  (e.  m.  f.  25*). 

Minutes 15  30         45  60         90        xso 

Mg.  cane  sugar  inverted 2.6        4.7        6.8        8.8       11.5 

K  X  10^ No  inversion  by  invertase. 

No.  5;     +31  cc.  water;  -fso  cc.  4.0  M  NaCl;  —  Ah"**  "  i.oo;  1.00  (e.  m.  f.  as^ 

Minutes 15  30  45  60  90        i» 

Mg.  cane  sugar  inverted 2.0  5.3  8.5         11. 7         15.1        ■9-1 

K  X  loMacid  +  NaCl) 11. 8         16.2         18.0         19.3         17.3        174 

No.  6:     -f  21  cc.  water;  +50  cc.  4.0  M  NaCl;  -|-io  cc.  invertase  woridng  sotatifli 
containing  0.007  8-  invertase;  ^h"*"  =  100,  i.oo  (e.  m.  f.  25"). 

Minutes 15  30  45  60  90        i» 

Mg.  cane  sugar  inverted 2.0        5.3         8.5         11. 7         15. i       I9.J 

K.  X  10* No  inversion  by  invertase. 

^  Z.  physik.  Chem.,  88,  641  (1914). 
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Effect  at  Ph^  =  3«i« — ^The  results  at  an  index  of  about  3.1  show  a 
progressively  retarding  effect  of  the  sodium  chloride  as  evidenced  by 
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the  following  values,  which  are  represented  graphically  in  Fig.  2.     For 
details,  see  Expts.  7,  8,  9  and  10. 

Percent AGB  Inversion  at  Time  Given. 

No  salt.                0.1  U  NaCl.            0.5  if  NaCl.  2.0  U  NaO. 

Mins.           >H+  -  3.1.            <'H+  -  3.2.            ^H+  -  3.1.  ^H+  -  3.0. 

15                       22.4                        19.8                        II. 8  4.0 

30                      39.6                        34.0                        18.4  8.0 

45                      52.8                       46.0                       23.0  8.2 

60                     64.6                       57.4                       28.4  10.4 

90                     80.6                       70.1                       35.0  12.2 

120                      89.0                       82.6                       44.0  13.8 

Table  II. 

Ezpts.  7-zo»  inch;   10  cc.  cane  sugar;  0.7  cc.  o.i  Jlf  HCl  (except  No.  10  with  0.5 

oc.);  10  cc.  invertase  working  soln.  contg.  0.007  g.  invertase;  other  additions  as  noted. 

Wo.  7:     -1-80  cc.  water;  ^h"*"  =  3-2,  3.2  (e.  m.  f.  25**);  Ph"*"  =  3.i»  3-2  (by  methyl 
orange). 

Minutes 15            30            45            60  90          120 

Mg.  cane  sugar  inverted 11. 2         19.8        26.4        32.3  40.3        44.5 

K  X  10* 73             73             73             75  79             80 
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Table  II  (conHnued), 

Wo.  8:     +70  cc.  water;   -fio  cc.  1.0  M  NaCl;  ^h"*"  -  3-22.  322  («•  «•  f-  ^S% 
Pu*"  3-3.  3-2  (by  methyl  orange). 

Minutes 15  30  45  60  90        120 

Mg.  cane  sugar  inverted 9.9        17.0        23.0        28.7        35.5       41.3 

K  X  10* 64  60  60  62  60         63 

No.  9:     -I-50CC.  water;  4-50  cc.  i.o^  NaCl;  ^h"*"  ^  3-o,  3.0  (c  m.  f.  25**);  ^h'*'  * 
3.1,  3.2  (by  methyl  orange). 

Minutes 15  30  45  60  90         120 

Mg.  cane  sugar  inverted 5.9        9.2         11. 5         14.2         17.5       22.2 

K  X  10* 36  29  25  24  22  21 

No.  xo:     4-30  cc.  water;  -I-50  cc.  4.0  M  NaCl ;  ^h"*"  =  30, 3.0  (e.  m.  f.  25*);  P^"^  « 
2.7,  2.7  (by  methyl  orange). 

Minutes 15  30  45  60  90       120 

Mg.  cane  sugar  inverted 2.0        4.0        4.1         5.2        6.1       6.9 

K  X  10* 12  12  8  865 

Effect  at  Ph^  -  4-S- — ^^  he  investigation  of  the  salt  effect  at  an  index 
of  4.5  reveals  the  rather  surprising  result  that  in  this  region,  sodinni 
chloride,  at  least  below  the  concentration  of  2  molar,  has  very  little  dfcct 
upon  the  activity  of  invertase.  The  graphs  (see  Fig.  3)  all  lie  so  doflt 
together  that  only  the  one  for  no  salt  and  the  one  for  2  molar  soditoD 
chloride  have  been  drawn.    The  other  two  graphs  are  practically  coo- 
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tained  in  the  space  between  these  two.     For  details,  see  Bxpts.  11,  12,  13 
and  14. 

PBRCENTAGB  op   INVBRSION  at  TlBfB  GiVBN. 

No  salt.  O.lifNaCL  0.5  i/ NaO.  2.0  If  NaCl. 

MiM.  ^H+  ■"  4.6.         *H+  -  4.4.         ^H+  -  4.6.  ^H+  4.5. 

15  25.8  26.0  25.8  20.8 

30  45.2  45.1  44.2  40.0 

45  62.6  60.0  61.0  57.6 

60  72.8  72.6  72.6  68.2 

90  87.2  86.6  88.8  84.4 

120  94.6  96.6  95-4  92.0 

Table  III. 

Bxpts.  ix-X4i  incL;   10  gc.  cane  sugar;    -fio  cc.  invertase  working  soln.  contg. 
0.007  g.  invertase;  +  other  additions  as  noted. 

No.  IX :  -I-80  cc.  water;  +1.1  cc.  o.oi  M  HCl;  ^h"*"  ■  4-6,  4.6  (by  methyl  orange). 

Minutes 15  30  45  60  90  120 

Mg.  cane  sugar  inverted 12.9        22.6        28.7        36.4        436        47.3 

K  X  10* 86  87  95  94  99  106 

No.  X2:     -I-70  cc.  water;  +10  cc.  i.o  JIf  NaCl;  -|-i  cc.  o.oi  M  HCl;  ^h"*"  —  4-5# 
4-5  (by  methyl  orange). 

Minutes 15  30  45  60  90  120 

Mg.  cane  sugar  inverted 12.9        22.6        30.0        36.3        43.3        48.3 

K  X  10* 86  87  89  94  97  122 

No.  13:     +30  cc.  water;  -I-50  cc.  i.oif  NaCl;  -fo.7CC. o.i  3f  HCl;  Pji^  —  4.6,4.5 
(by  methyl  orange). 

Minutes 15  30  45  60  90  120 

Mg.  cane  sugar  inverted 12.9        22.1         30.5        36.3        44.4        47.7 

K  X  10* 86  84  91  94  106  III 

No.  14:     -I-30  cc.  water;  -I-50  cc.  4.0  M  NaCl;  -fo.4Cc.  o.oi  M  HCl;  ^h"*"  ■"  41. 
4.3  (e.  m.  f.  25**);  ^h"*"  =  4-4'  4-3  (by  methyl  orange). 

Minutes 15  30  45  60  90  120 

Mg.  cane  sugar  inverted 10. o        20.0        28.4        32.8        42.8        46.0 

K  X  10* 65  74  81  77  93  91 

Effect  at  pu^  =  6.5. — In  the  region  having  an  index  of  about  6.5,  the 
sodium  chloride  causes  a  decrease  in  the  activity  of  the  invertase  much 
the  same  way  that  it  does  in  the  region  having  an  index  of  3.1.  For  de- 
tails, see  Bxpts.  15,  16  and  17. 

Pbrcsntagb  Inversion  at  Time  Given. 

No  salt.  0.1  M  NaCl.  0.5  M  NaCL 

MiM.  PH+  -  6.5.  ^H+  -  6.4.  ^H  +-  6  5. 

15  II. 6  9.0  4.8 

30  19.2  15.2  8.6 

45  24.0  19.8  12.6 

60  29.6  25.2  16.4 

90  42.4  33.6  21.6 

120  51.0  40.8  26.8 
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Table  IV. 
Ezpts.  I5-X7»  fuel.;  lo  cc.  cane  sugar;  +io  cc.  iiiTertase  worlmig  soIil  coaii. 
0.007  %'  invertase;  +  other  additions  as  noted. 

No.  15;     +80  cc.  water;  ^h"*"  "  6.5,  6.5  (by  rosolic  add). 

Minutes 15  30  45  60  90         iJO 

Mg.  cane  sugar  inverted 5.8        9.6      12.0  14.8        21.2       35-5 

K  X  10* 36  31  27  25  27  a6 

Ko.  x6:     4-70  cc.  water;  -f  10  cc.  i.o  Af  NaCl;  #H+  «  6.4,  6.4  (by  rosofic  idd). 

Minutes 15  30  45  60  90        lao 

Mg.  cane  sugar  inverted 4.5        7.6        9.9        12.6        16.8       20.4 

K  X  10^ 27  24  21  21  20  19 

No.  17:     +30  cc.  water;  +50  cc.  i.o  Jf  NaCl;  ^h"*"  "  6.5,  6.5  (by  rosoiic  sod). 

Minutes 15  30  45  60  9^ 

Mg.  cane  sugar  inverted 2.4        4.3        6.3        8.2       lo.l 

K  X  10* 14  13  13  13  M 

Discussion  of  Salt  Effect 

A  consideration  of  the  above  facts  shows  that  the  effect  of  the  sodiniB 
chloride  is  twofold:  first,  it  causes  an  increase  in  the  concentratioa  of 
hydrogen  ion  when  the  concentration  of  hydrochloric  add  is  greater 
than  0.000 1  molar;  secondly,  it  causes  a  decrease  in  the  activity  of  the 
invertase,  provided  that  in  each  case  the  concentration  of  hydrogen  i» 
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is  the  same.  This  latter  effect  varies  with  the  index  of  the  solution  and 
with  the  amount  of  sodium  chloride  added.  It  is  least  at  the  optimum 
and  increases  as  we  depart  oil  either  side  from  this  optimum. 

This  shows  that  the  use  of  buffers  in  large  concentrations  for  regulating 
the  index  of  the  solution  introduces  more  or  less  of  an  error  if  it  is  desired 
to  get  the  maximum  activity  of  invertase  corresponding  to  a  given  con- 
centration of  hydrogen  ion. 

The  foregoing  results  also  disclose  another  very  interesting  feature 
upon  examining  the  velocity  coefficients  calculated  from  them  by  means 

of  the  equation  k  =  —  log .     If  the  successive  velocity  coefficients 

t         a  — X 

for  any  given  test  are  considered,  it  will  be  noticed  that  one  of  the  three 
following  relationships  applies:  (i)  the  coejficients  steadily  increase  in 
value;  (2)  they  do  not  change;  (3)  they  steadily  decrease.  That  is  to  say, 
the  acceleration  may  be  either  positive,  zero,  or  negative  during  the 
course  of  the  reaction. 

Tablb  V. 
Values  of  ife  X  10*  when  Ph"*"  ■"  3-1. 

Minutes 15  30  45  60  90  120 

No  NaCl 73  73  73  75  79  80  Increase  of  k 

0.1  Af  NaCl 64  60  60  62  60  60  No  change  of .  ib 

0.5  jftf  NaCl 36  29  25  24  22  21  Decrease  of  k 

2.0  M  NaCl 12  12  8  8  6  5  Decrease  of  k 

Values  of  jb  X  10*  when  ^h**"  ■»  4-5 • 

No  NaCl 86        87        94        94  99        106  Increase  of  k 

0.1  Jf  NaCl 87        87        89        94.  97        122  Increase  of  ib 

0.5  Jf  NaCl 86        85        91         94         106         122  Increase  of  ib 

2.0  M  NaCl 67        74        83        83  90  91  Increase  of  k 

Values  of  ife  X  10*  when  ^h"*"  ■*  6.5. 

No  NaCl 36        31         27        25  27  26        Decrease  of  jb 

0.1  M  NaCl 27        24        21        21  20  19        Decrease  of  k 

0.5  Af  NaCl 14        13        13        13  12  II        Decrease  of  k 

The  progressive  change  in  the  value  of  k  in  those  cases  where  it  occurs 
cannot  be  ascribed  to  experimental  error  due  to  mutarotation,  as  Hudson^ 
has  pointed  out  is  the  case  with  Henri's  results,*  since  a  reduction  method 
was  used  for  the  estimation  of  the  amotmt  of  sugar  inverted.  Nor  can 
it  be  ascribed  to  a  change  in  the  concentration  of  hydrogen  ion  of  the  solu- 
tion taking  place  during  the  hydrolysis  of  the  sugar,  because  repeated 
measurements  in  this  regard  showed  that  the  concentration  of  hydrogen 
ion  remained  constant  throughout  the  whole  coiu^e  of  the  inversion. 

O'SuUivan  and  Tompson^  have  noticed  an  increase  in  the  value  of  k, 

*  This  Journal,  30,  1564  (1908). 

*  Z.  physik.  Chem.,  39,  194  (1902). 

*  Loc.  cU,;  Tableaux  24-29. 
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up  to  a  certain  point,  about  80%  of  inversion  and  after  that  a  decretse. 
Sorensen  gives  five  examples  of  increasing  values  and  one  of  decreasai. 
Hudson's  results^  show  a  constant  velocity  coefficient  and  likewise  those 
of  A.  Taylor,^  while  Michaelis  and  Davidsohn^  find  increasiiig  valnes. 

It  does  not  seem  possible  at  present  to  find  a  generalization  that  «1 
characterize  this  phenomenon  of  acceleration  so  as  to  bring  into  harmoay 
the  observations  of  the  above  investigators,  because  as  is  evident  fam 
our  experiments  the  acceleration  is  affected  by  several  variables.  Hub 
in  the  absence  of  sodium  chloride,  a  change  in  the  concentration  of  hydropi 
ion  causes  a  change  in  the  acceleration.  In  the  presence  of  sodium  chkrid^ 
if  the  concentration  of  hydrogen  ion  is  kept  constant,  varying  the  coocen- 
tration  of  the  sodium  chloride  may  or  may  not  affect  the  acceleratioi. 

For  these  reasons  the  results  of  different  authors  cannot  be  compared 
strictly  in  this  regard,  although  the  preponderance  of  evidence  seems  te 
show  that  an  increase  in  the  value  of  k  with  the  progress  of  the  reactiOB 
is  what  most  investigators  have  encountered  in  studying  the  hydroly» 
of  cane  sugar  by  means  of  invertase.  These  considerations  obvioasiT 
nullify  the  question  put  forth  by  Michaelis  and  Menton*  as  to  the  re- 
liability of  the  constancy  of  Hudson's  coefficients. 

Measurement  of  the  Concentration  of  Hydrogen  Ion. 

In  measuring  the  concentration  of  hydrogen  ion,  the  electromo<r« 
force  method*  and  the  colorimetric  method'  were  used. 

In  this  regard  it  is  to  be  pointed  out  that  each  method  has  certain  a* 
herent  limitations.  It  is  not  possible  to  employ  the  electromotive  knt 
method  when  the  index  of  the  solution  has  a  value  lying  between  3.7  ui 
9.0  and  the  solution  is  free  from  salt.  This  is  on  account  of  the  fact  tW 
the  resistance  of  the  solution  is  so  great  under  these  circumstances  tbit 
a  fairly  sensitive  galvanometer  (i.  e.,  one  having  a  sensitivity  of  280 
megohms)  scarcely  gives  a  noticeable  deflection  when  the  circuit  is  dosed 
If,  however,  the  solution  contains  a  smaU  amount  of  salt  there  is  no  tmobk 
in  making  measurements  in  the  region  mentioned.  Whether  the  into 
which  is  obtained  in  the  presence  of  salt  is  exactly  the  same  as  the  indS 
of  the  solution  without  the  salt  is  still  a  matter  to  be  determined  tsftO" 
mentally.  It  is  usually  assumed  that  the  formula  of  Arrhenius*  boMK 
and  that  the  addition  of  a  neutral  salt  with  an  ion  in  common  causes  t 
repression  of  tlie  ionization  of  the  acid. 

When  the  concentration  of  hydrogen  ion  is  determined  in  the 

*  Loc.  cit. 

'  J.  Biol.  Chem.,  5,  405  (1909). 
"  Biochem.  Z.,  49,  333  (1913). 

*  Nemst,  Z.  physik.  Chem.,  4,  129  (1889). 

*  SOrenson,  Loc,  cit. 

*  Z.  physik:  Chem.,  31,  204  (1899). 
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of  salts  by  the  colorimetric  method  the  results  vary  more  or  less  widely 
from  the  truth/  the  amount  of  variation  depending  upon  the  particular 
indicator  used  and  the  kind  and  amount  of  salt  present.  Proteins  and 
chlorofbrm  or  toluene,  used  to  prevent  the  growth  of  microorganisms, 
also  have  more  or  less  influence. 

The  electromotive  force  measurements  were  all  made  at  a  tempera- 
ture of  25°.  The  zero  method  was  employed  and  the  voltages  obtained 
by  means  of  a  Leeds  &  Northrup  potentiometer  and  a  D'Arsonval  gal- 
vanometer which  had  the  following  characteristics:  a  sensitivity  of  280 
megohms,  a  period  of  2.5  seconds,  and  a  total  resistance  of  444. ohms. 
As  primary  standard  of  potential  a  Weston  standard  cell,  which  had  been 
calibrated  by  the  Btureau  of  Standards,  was  used. 

The  voltages  are  those  given  by  the  combination  H2  —  Pt  —  H+  —  3.5 
M  KCl  —  0.1  Af  KCl  —  HgCl  —  Hg  after  correcting  for  the  contact  po- 
tential by  B  jerrum's*  method  of  extrapolation,  which  is  to  add,  to  the  volt- 
age obtained  by  using  3.5  M  KCl  as  the  salt  bridge,  the  difference  between 
this  voltage  and  that  obtained  by  using  1.75  M  KCl  as  the  salt  bridge. 

From  the  extrapolated  voltage,  the  concentration  of  hydrogen  ion  was 
calculated  by  the  equation 

log  cone.  H+  =  Q-335  —  '^  (^^^  ^^ly  f^j.  ^^o^^ 

0-591 
where  ir  is  the  voltage  obtained  by  extrapolation  of  the  observed  voltages 
according  to  Bjerrum's  method. 

The  platinum  electrodes  were  always  checked  up  before  use,  by  measur- 
ing the  voltage  given  by  a  solution  of  o.  i  M  HCl.  This  is  a  very  important 
precaution,  because  if,  as  often  happens,  the  observed  voltage  under  these 
circumstances  differs  by  more  than  a  millivolt  from  the  calculated,  the 
platinum  electrode  (or  possibly  the  calomel  cell)  is  not  working  properly. 

Adjustment  of  pH^. — ^Attention  must  be  called  to  the  great  influence 
that  the  character  of  the  water  used  has  in  the  adjustment  of  p-^  in  the 
region  p^  »  4.5  to  6.0  by  means  of  dilute  hydrochloric  acid.  If  buffers 
are  used  for  this  adjustment,  there  is  no  difficulty  in  regidating  the  con- 
centration of  hydrogen  ion,  but  to  offset  this,  there  is  introduced  the  salt 
effect  due  to  the  buffer. 

While  pure  water  has  theoretically  an  index  of  7.0  at  25°,  it  was  not 
found  possible  to  prepare  any  water  having  such  an  index.  The  ordi- 
nary distilled  water  used  in  this  laboratory  has  given  a  fairly  constant 
index  around  6.2.  When  this  water  was  distilled  over  Nessler  solution 
and  condensed  through  a  tin  condenser,  the  main  portion  of  the  distillate 
had  an  index  of  5.8.  When  the  water  was  distilled  over  alkaline  per- 
manganate, the  index  obtained  was  5.8.     Furthermore,  when  the  water 

'  Cf.  Sfirensen,  Compt,  rend.  Laboratoire  de  Carhberg,  Vol.  9  (x9io>. 
'  Z.  physik.  Chem.,  53,  428  (1905). 
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was  distilled  over  alkaline  permanganate  and  then  over  phosphoric  adi 
an  index  of  5.8  was  obtained.  In  these  tests  the  index  was  determiacd 
by  using  p-nitrophenol  as  indicator  and  mixtures  of  citrate  solutioa  aad 
0.1  molar  sodium  hydroxide  as  the  comparison  standards.* 

The  following  analyses  show  that  the  low  index,  in  the  case  of  tk 
ordinary  distilled  water,  and  of  the  water  distilled  over  Nessler  sob- 
tion,  is  probably  caused  by  the  carbonic  acid  present,  although  the  ob» 
served  indices  of  6.2  and  5.8  are,  respectively,  higher  than  the  calculated 
values  of  5.2  and  5.5  figured  from  the  amounts  of  carbonic  acid  presesL 

Tablb  VI. 

(A).  (B). 

Ordinary  distDled  Water  dutOM  am 

water.  Neaaler  adnUoe 

Total  solids 7.6  mg.  per  liter  4.0  mg.  per  liter 

Loss  upon  ignition. 4.8  mg.  per  liter  i .  2  mg.  per  liter 

Fixed  solids 2.8  mg.  per  liter  2.8  mg.  per  liter 

Total  NH| 0.58  mg.  per  liter  0.03  mg.  per  lifer 

Free  COj 6.0  mg.  per  liter  2 . 2  mg.  per  liter 

^h"^  (/>-nitrophenol) 6.2  5.8 

Conductivity  X  lo*  redp.  ohms 2.5  1.5 

The  results  obtained  by  using  the  above  two  samples  of  water  show  the 
influence  that  the  character  of  the  water  has  upon  the  adjustment  of  pH* 
at  extreme  dilutions  of  hydrochloric  acid,  as  is  evidenced  by  the  folloino| 
table.     For  indices  less  than  4.0  this  eiTect  disappears. 

Tablb  VII. 


Molarity        Calc.  Taluea 


Oba.  vahie^  for  ^+. 


Cc.  Ha  in  100  oc.  of  HCl.  for  ^b+.  (A).  (B). 

O.I  cc.  0.0 1  If o.ooooi  5.00  5.85  5.65 

0.2  0.00002  4.70  5.7  5.4 

0.4  0.00004  4.40  5-5  4-9 

0.6  0.00006  4.22  5.3  4.4 

0.8  0.00008  4.Z0  5.0  4.1 

i.o  o.ooox  4.0  4.6  4.0 

2.0  0.0002  3.7  4.1  3.8 

40  0.0004  3.4  3.4  3.4 

0.6  oc.  O.I  Jf 0.0006  3.22  3.2  3.2 

0.8  0.0008  3.10  3.x  3.1 

1.0  0.001  3.00  3.0  3.0 

2.0  0.002  2. 71  Observed  and  caktt- 

4.0  0.004  3-41  lated  values  agree 

6.0  0.006  2.23  hxnn  here  (kmn 

8.0  0.008  2.  II 

2.0  cc.  0.5  M o.oi  2 .01 

4.0  0.02  1. 7 1 

6.0  0.03  1.55 

8.0  0.04  1.41 

90  0.045  1.37 

i.occ.  i.oJ^ 0.05  1.33 

'  Cf.  Sdrensen,  Loc,  cit. 
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In  his  admirable  work  on  the  kinetics  of  invertase  action,  Hudson^ 
obtained  a  value  for  the  optimum  of  invertase  action  at  pH^  =  3- 1 » whereas 
that  obtained  by  S5rensen,'  Michaelis  and  Davidsohn,^  and  the  present 
authors  is  in  the  neighborhood  of  p^+  ^  4.2  to  4.4.  This  difference  of 
Hudson's  is  due  very  likely,  in  part  at  least,  to  the  fact  that  Hudson  caU 
Culated  the  concentrations  of  hydrogen  ion  from  the  molarity  of  the  hydro- 
chloric add  present.  Such  a  calculation  introduces  more  or  less  of  an  error 
when  the  actual  index  of  the  solution  lies  between  4.0  and  9.0,  as  will  ;be 
further  seen  upon  examination  of  the  following  table,  showing  the  calculated 
and  the  observed  values  in  the  case  of  dilute  sodium  hydroxide  solutions. 

Table  VIII. 

Cc.  NaOH  Molarity 

in  100  cc.  of  NaOH. 

O.I  CC.  O.OI  M o.oooox 

0.2  0.00002 

0.3  0.00003 

0.4  0.00004 

0.5  0.00005 

0.6  0.00006 

0.7  0.00007 

0.8  0.00008 

0.9  0.00009 

I.O  O.OOOI 

The  above  differences  between  the  calculated  and  the  observed  values 
for  pn"^  firmly  establish  the  necessity  of  actually  measuring  the  concen- 
tration of  hydrogen  ion  instead  of  just  calculating  it  from  the  molarity 
of  the  add  or  alkali  used. 

Measurement  of  Amount  of  Cane  Sugar  Inverted. 

Owing  to  the  fact  that  a  concentration  of  cane  sugar  of  5  g.  per  liter 
was  used  in  this  work,  it  was  not  practicable  to  use  the  polariscope  to 
measure  the  amount  of  inversion,  nor  to  use  any  of  the  numerous  sugar 
tables.    Therefore,  a  modified  Defren's  method'  was  used  as  follows: 

Reagents. — 34.64  g.  of  copper  sulfate  dissolved  in  water,  0.5  cc.  cone, 
sulfuric  acid  added,  and  made  up  to  500  cc.  178  g.  sodium  potassium 
tartrate  and  50  g.  of  sodium  hydroxide  dissolved  in  water  and  diluted 
to  500  cc. 

Determination* — Mix  15  cc.  of  each  of  the  above  reagents  in  an  Erlen- 
meyer  flask  having  a  capacity  of  250  to  300  cc,  dilute  with  65  cc.  of  distilled 
water,  then  add  10  cc.  of  the  sample  undergoing  hydrolysis,  place  in  boiling 
water  bath  and  allow  to  stand  for  exactly  fifteen  minutes.  Remove 
the  flask  from  the  bath  and  filter  at  once  (using  moderate  suction)  through 
asbestos  specially  prepared  as  usual  for  this  purpose;  wash  the  cuprous 

>  Tms  Journal,  32,  1220  (19 10). 

■  Loc.  cit. 

•  Cf.  Dcfrcn,  Tms  Journal,  x8,  749  (1896). 


Ulc.  TAlBCa 
for#H+- 

Ob«.  taIvm  for  Pj^, 
Ordinary  distilled  water. 

9.14 

9.44 
9.62 

6.3  (^-nitrophenol) 

9.74 
9.84 

9.92 

7 . 1  (rosolic  add) 

9-99 
10.04 

7 . 8  (rosolic  add) 

10.09 
10.14 

8.7  (phenolphthalein) 
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oxide  with  boiling  distilled  water  until  free  from  alkali.  DissolTt  tihe 
cuprous  oxide  in  6  M  nitric  add,  etc.,  and  determine  the  ooppcrfagr 
means  of  potassium  iodide  and  sodium  thiosulfate.  It  is  necessaoy  to 
run  a  blank  control  to  determine  the  correction  to  be  applied  for  the  effect 
of  the  Defren  method  on  cane  sugar  itself.  Under  the  conditioiis  c( 
our  experiments  we  found  the  reducing  effect  of  50  mg.  cane  sogv  to 
be  equivalent  to  2.8  mg.  cupric  oxide,  or  i  mg.  cane  sugar  inverted. 

From  the  weight  of  cupric  oxide  corresponding  to  the  weight  of  oopfv 
fotmd,  the  amount  of  cane  sugar  inverted  was  calculated  accordiiig  to 
the  following  sugar  table  constructed  by  the  authors  as  hereioafter  (fe- 
scribed: 

Tabus  IX. 


Mg.  CuO. 

Mff.  cane 
sugar  Inverted. 

Mg.  CuO. 

Mg.cane 

•  sugar  iBTerted. 

10 

3-6 

70 

27.2 

20 

7.2 

80 

31  5 

30 

II  .0 

90 

35.9 

40 

14.9 

100 

40.4 

50 

18.9 

no 

45.0 

60 

23.0 

120 

49.7 

Construction  of  Sugar  Table. 

280  cc.  of  sugar  solution  containing  59.998  g.  cane  sugar  were  made 
up  to  300  cc.  with  * 'stock  solution"  of  invertase  and  0.2  cc.  o.i  If  tanfr^ 
chloric  acid,  which  brought  the  index  of  the  solution  down  to  4.8.  % 
flask  containing  this  solution  was  placed  in  the  thermostat,  which  M 
maintained  at  the  usual  temperature  of  37°  =±=  o.oi  **  C.  A  50  cc.  sainpk 
was  withdrawn  at  15,  30,  60,  120  and  180  minutes,  respectively,  and  ns 
into  16.7  cc.  of  0.2  M  sodium  carbonate  solution,  as  recommended  If 
Hudson  for  arresting  inversion  and  eliminating  the  effect  due  to  inato- 
rotation. 

10  cc.  or  20  cc.  were  withdrawn  from  this  66.7  cc.  and  diluted  twenty 
or  thirty  times,  and  a  Defren's  determination,  as  already  describci 
run  on  10  cc.  portions  from  the  diluted  solution.  The  rest  of  the  66.; 
cc.  was  used  to  determine  the  amount  of  inversion  by  means  of  the  polaiis^ 
cope  in  the  first  series  of  determinations,  and  by  means  of  the  saccharimetir 
in  the  second  series. 

Table  X. 
Conversion  of  Polariscope  Readings  to  Percentage  In\'ersion. 


Time. 
Mins. 

Start 

Readings  at  30<>. 

Average. 

Angle  of 
inverskm. 

*    •    • 

21 .90 

(calc.) 

•    •    • 

15 
30 
60 

20.36 

18.83 
16.13 

20.40 
18.86 
16.15 

•    «    • 

18.86 
16. 14 

20.38 
18.85 
16.14 

1.52 
3  05 
5  76 

5.52 
ii.oS 

3096 

120 
180 

11.15 

7.38 
5  63 

II. 18 

7.36 

(calc.) 

II  .21 
7  36 

11.18 

7-37 

10.72 
14-53 

38-9» 

5^.;« 
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Table  X  (continued). 
Conversion  of  Saccharimeter  Readings  (Ventzke)  to  Percentage  Inversion. 


Time. 
Mins. 

Readings  at  35  ^. 

Average. 

Angle  of 
inversion. 

%  Inversion. 

Start 

62.8 

62.8 

62.8 

•    • 

•    •    • 

15 

58.6 

58.6 

58.6 

4.2 

5.41 

30 

55.0 

55.0 

55.0 

7.8 

10.04 

60 

48.2 

48.2     , 

48.2 

14.6 

18.80 

120 

35.2 

35-2 

35.2 

27.6 

35.53 

x8o 

24.2 

24.2 

24.2 

38.6 

49.69 

240 

14  5 

14.5 

14.5 

48.3 

62.18 

2220 

—14.3 
— 14.6 

14  3 
(calc.) 

—14.3 

77.1 

99.26 

Table  XI. 
Determination  of  Amount  of  Cane  Sugar  Inverted  Corresponding  to  Cupric  Oxide. 


Equiv.  grains 
Dilution      cane  sugar  in 
of  sample      10  cc.  used 
from  66.7  cc.^  for  Defren's 

Percent- 
age 
inver- 
sion. 

Grams 
CuO. 

Dilution 

of  sample 

from  66.7  cc.^ 

Equiv.  grams 
cane  sugar  in 
10  cc.  used 
for  Defren's. 

Percent- 
inver- 
sion. 

Gsama 
CuO. 

100    0.1499 

5.52 

0.0227 

0.0500 

5.41 

0.0085 

XO  CC. 

200    0.0750 

11.08 

0.0230 

0.0500 

10.04 

O.OI55 

made 

250    0.0580 

20.92 

0.0328 

20  CC. 

0.0500 

18.80 

0.0254 

up  to 

200    0.0750 

38.94 

0 . 0748 

made 

600     0.0500 

35.53 

0.0456 

200    0.0750 

52.78 

0.0982 

up  to 

0.0500 

49.69 

0.0633 

0.0500 

62.18 

0.0795 

i 

0.0500 

99.26 

0.1200 

If  these  results  are  expressed  in  the  form  of  an  equation,  derived  by 
the  method  of  least  squares,  we  get 

Cane  sugar  inverted  =  0.351  W  +  0.000527  W 

where  W  is  the  weight  of  cupric  oxide  obtained,  the  values  of  W  varying 
from  8  to  120  mg. 

The  values  in  the  sugar  table  already  given  were  calculated  by  the 
use  of  this  equation. 

The  agreement  between  the  values  obtained  by  experiment  and  those 
calculated  by  the  use  of  the  above  equation  is  shown  in  Table  XII. 

Table  XII. 


Mg.  cane  sugar 
inverted. 

DifT. 

Mg.  CuO. 

Mg.  cane  sugar 
inverted. 

Mg.  CuO. 

Obs. 

Calc. 

Obs. 

Calc. 

Diff. 

8.5 

2.7 

30 

-i-0.3 

45  6 

17.8 

17.1 

—0.7 

15.5 

5.0 

5.7 

+0.7 

63  3 

24.8 

24.3 

—0.5 

22.7 

8.3 

8.3 

•    ■    ■ 

74-8 

29.2 

29.2 

•    ■    ■ 

23.0 

8.3 

8.4 

-ho.i 

79-5 

31. 1 

31.2 

+0.1 

25.4 

9  4 

92 

— 0.2 

98.2 

39.6 

39.5 

— 0.1 

32.8 

12. 1 

12.  I 

•   •   • 

120.0 

49  6 

49  6 

•    •    « 

Summary. 

The  concentration  of  hydrogen  ion  remains  constant  throughout  the 
whole  course  of  the  inversion  of  cane  sugar  by  means  of  invertase. 
'  Of  these  diluted  solutions,  10  cc.  were  used  for  Defren's. 
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At  the  optimum  of  invertase  action,  the  salt  effect  of  the  sodium  diloiide 
seems  to  approach  zero,  and  as  we  depart  either  side  from  the  optimim, 
we  get  an  increasing  salt  effect. 

The  use  of  buffers  (tampons)  for  regulating  the  concentration  of  hydro- 
gen ion  introduces  a  certain  salt  effect.  The  most  satisfactory  r^qq 
for  using  buffers  in  invertase  velocity  measurements  is  in  the  nd^ibcv- 
hood  of  the  optimum  zone  where  the  salt  effect  is  a  minimum. 

In  the  region  of  enzyme  activity  it  is  necessary  to  measure  the  ooo- 
centration  of  hydrogen  ion,  and  it  is  not  permissible  to  calculate  it  fran 
the  molarity  of  add  used. 

The  addition  of  sodium  chloride  to  solutions  of  hydrochloric  add  caues 
an  increase  in  the  concentration  of  hydrogen  ion  as  measured  by  the  de^ 
tromotive  force  method  and  by  the  hydrolysis  of  cane  sugar  scdutiooi 

Naw  York.  N.  Y. 


CORRECTION. 

The  Dissociation  of  Carbon  Ozysulflde. — ^Through  the  kLodness  oi 
Professor  J.  Sakurai,  of  the  University  of  Tokio,  my  attention  has  beci 
called  to  an  important  error  in  sign  in  the  recent  paper  by  Leirisaad 
Lacey.^  There  it  is  stated,  ''It  is  evident  that  with  diminishing  tempcfip 
ture  the  equilibrium  is  shifted  in  favor  of  CO."  This  should  have  reid 
''with  increasing  temperature.'*  Consequently,  the  van't  Hoff  equate 
gives  for  the  heat  of  formation  of  COS  from  liquid  sulfur  and  carbon  moi- 
oxide  not  —  1 1000  but  +  1 1000  calories.  For  this  reaction  BerthdoK 
fotmd  —  4000  and  Thomsen  +  loooo  cal.  Our  value  therefore  oorrob^ 
rates  that  of  Thomsen,  and  we  may  now  feel  safe  in  using  this  vahieintti 
calculation  of  the  free  energy  of  the  reaction  at  standard  temperatot 
This  calculation  will  be  made  in  another  place.       Gilbbrt  N.  Lbwb. 


NEW  BOOKS. 

Laboratory  Manual  to  Accompany  *'A  Course  in  General  aiemiatfy.**   By  IhL 

McPhkrson  and  Wm.  £.  Hbndbrson.    Ohio  State  Univenity.    Pp.  t  +  140^ 
Ginn  and  Co.,  1915.    Price,  60  cents. 

The  role  this  manual  plays  is  well  stated  in  the  preface  by  the  authoR: 
*'For  one  who  sets  about  the  task  of  arranging  an  experimental  count 
for  the  beginner,  there  remains  little  opportunity  for  originality  or  ia- 
vention.  His  problem  is  rather  one  of  selection.  Accordingly,  this  lib- 
oratory  manual  lays  no  claim  to  originality,  either  in  method  or  in  cot- 
tent.'*  When  used  in  connection  with  the  text-book,  by  the  same  autbofl^ 
it  proves  to  be  a  fairly  satisfactory  guide  for  an  elementary  course.  T^ 
introductory  experiments  are  not  well  chosen.  For  example,  the  stttW 
infers  from  the  experiment  that  when  salt  is  dissolved  in  water  the  dia«p 
*  This  Journal,  37,  1981  (1915). 
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is  merely  physical.  Since  the  beginning  student  invariably  uses  an  ex- 
cess of  acid,  it  is  suggested  in  the  preparation  of  zinc  sulfate  that  the 
water  bath  be  used  in  place  of  the  sand  bath,  thus  avoiding  the  disagree- 
able fumes  of  sulfur  trioxide.  Iron,  sulfur  and  iron  sulfide  could  be  more 
completely  identified  in  Experiment  n,  by  the  use  of  suitable  solvents. 
While  large  quantities  of  oxygen  are  isolated  by  a  laboratory  method  in 
Exp.  15,  no  mention  is  made  that  this  oxygen  is  to  be  used  later  in  Exp. 
18.  More  experiments  to  illustrate  the  chemical  activity  of  oxygen 
should  be  given.  The  diagrams  and  the  apparatus  used  in  the  isolation 
of  hydrogen  and  oxygen  can  be  improved.  In  the  preparation  of  carbon 
monoxide,  the  generator  should  be  provided  with  a  safety  tube  or  else 
an  empty  bottle  should  be  inserted  between  the  generator  and  the  bottle 
containing  sodium  hydroxide.  On  the  whole,  the  experiments  are  well 
selected  and  the  manual  serves  the  ptupose  for  which  it  was  intended. 

LU^LIAN  COHBN. 

Animal  Reports  of  the  Progress  of  Chemistry  for  19x5.  Issued  by  the  Chemical 
Society  of  London.  Vol.  XI.  New  York:  D.  Van  Nostrand  Co.,  1915.  15  X  21 
cm.     Pp.  viii  -|-  303.     Cloth:  Price,  $2.00  net. 

The  subject  matter  of  this  volume  has  been  divided  under  the  following 
headings:  General  and  Physical  Chemistry,  Inorganic  Chemistry, 
Analytical  Chemistry,  Physiological  Chemistry,  Agricultural  Chemistry 
and  Vegetable  Physiology,  Mineralogical  Chemistry,  and  Radioac- 
tivity. In  each  case  the  reviewers  have  endeavored  to  select  the  impor- 
tant articles  which  have  appeared  during  the  year,  devoting  a  reasonable 
amount  of  space  to  the  presentation  and  discussion  of  their  principal 
points  of  merit.  This  has  resulted  in  the  omission  of  a  goodly  number 
of  articles  from  the  report,  some  of  which  other  reviewers  might  have 
included.  On  the  whole,  the  volume  must  be  pronounced  a  decided  suc- 
cess. The  work  has  been  done  thoroughly  and  coiwageously,  for  it  cer- 
tainly does  require  courage  to  go  ahead  and  select  from  a  large  mass  of 
material  that  which  seems  important  and  worthy  of  special  mention. 

The  work  done  during  the  year  on  the  structure  of  atoms,  the  mechan- 
ism of  electrical  conduction,  the  atomic  weight  of  lead  as  bearing  on  the 
question  whether  atomic  weights  may  change  or  not,  the  researches  on 
sugars,  improvements  in  methods  of  gas  analysis  and  water  analysis,, 
enzymes,  vitamines,  the  study  of  crystals  by  X-ray  methods,  liquid  crys- 
tals and  radioactivity  is  especially  well  presented.  The  reviewer  has  read 
the  voliune  with  interest.  No  article  of  special  importance  seems  to  have 
been  omitted  in  this  summary  for  the  year.  The  work  of  the  authors 
is  highly  commendable.  Louis  Kjihlenberg. 

Coune  In  Metalliirgical  Analysis.    By  Hbnry  Zisgsl.    Easton,  Pa. :  The  Chem- 
ical Publishing  Co.     1915.    Pp.  vi -I- 72.     Price,  $1.00. 

The  author  states  that  the  *'book  is  written  for  the  use  of  upperclass- 
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men,"  the  work  to  require  ten  to  twelve  hours  per  week  for  two  semestex^ 
and  to  include  "standard  analyses  in  daily  use  in  various  analytical 
laboratories."  The  analytical  procedures  include  those  for  iron  ores,  ina 
and  ste^l,  limestones,  slags,  days,  non-ferrous  alloys,  and  some  ooo* 
ferrous  ores.     A  bibliography  is  appended. 

The  book  contains  so  many  imperfections  in  proof-reading,  compoatioo 
and  chemistry  that  it  is  difficult  to  see  how  it  can  fulfil  a  useful  purpose. 

H.  P.  Talbot. 

Anesthesia.  By  Jambs  Taylor  Gwathmby,  in  collaboration  with  Cbaslbs  Basksi- 
vn.LB.  With  283  illustrations  in  the  text.  D.  Appleton  and  Company,  New  Yoik 
and  London.     19 14.    xxxiii  +  945  pp. 

Dr.  Gwathmey  and  Professor  Baskerville  have  been  assisted  in  the 
preparation  of  the  volume  by  fhe  following  investigators,  who  have  coo- 
tributed  individual  chapters:  W.  B.  Gatch,  Walter  S.  Sutton,  James  F. 
Mitchell,  Hermann  Prinz,  Louise  G.  Robinovitch,  James  J.  Walsh,  H.  W. 
Frink  and  John  W.  H.  Crim. 

The  main  purposes  of  the  book  as  set  forth  by  the  authors  are: 

1.  To  give  in  a  practical  and  utilizable  form  the  essentials  of  the  sub- 
ject of  the  administration  of  anesthetics. 

2.  To  save  the  busy  medical  practitioner  or  student  the  labor  of  weed- 
ing out  from  the  voluminous  literattu'e  upon  the  subject  the  facts  wfaid 
he  must  constantly  bear  in  mind  in  the  successftd  practice  of  this  im- 
portant branch  of  medicine. 

3.  To  emphasize,  wherever  possible,  the  thought  that  "to  bring  a  Br- 
ing being  to  that  borderland  in  which  life  in  many  respects  so  simulats 
death  should  at  no  time  be  a  fool's  occupation;"  and 

4.  While  primarily  intended  as  a  work  for  the  active  practitioner  and 
student,  to  suggest  many  lines  for  ftuther  research. 

An  important  feature  of  the  book  is  the  discussion  of  the  chemistry  of 
anesthetics.  "As  modem  medicine  now  more  fully  recognizes  the  im- 
portance of  a  knowledge  of  chemistry  in  all  of  its  branches,  that  phase 
of  the  subject  has  been  quite  ftdly  developed,  not  only  along  lines  of  onginal 
purity  of  the  drug  used,  the  conditions  favorable  to  its  preservatioD  in 
its  highest  purity,  but  its  course  within  the  body,  resulting  either  in  tk 
destruction  of  the  drug  or  its  elimination  from  the  body." 

Over  one  hundred  and  fifty  pages  are  devoted  to  a  very  compkte  list 
of  anesthetics  with  important  data  and  references  pertaining  to  the  same. 
This  feature  of  the  book  should  appeal  to  the  chemist  as  well  as  phrsi- 
cian. 

The  volume  is  thoroughly  up-to-date  in  every  respect  and  impressts 
the  reviewer  as  the  most  acceptable  treatise  on  anesthesia  whidi  has  jd 
appeared.  Philip  B.  Hawi. 
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Analysis,  Manual  of  Quantitative  Chemical  Analysis  (Prank,  CIcnAas,  book  review),  231: 
QualiUtive  Chemical  Analysis  (Blvins,  book  review),  404;  Methods  of  QoastiUtivt  Oipric 
Analysis  (Ringscott,  Knight,  book  review),  403;  Laboratory  Manual  of  QvaHtatffe.  i« 
Studenta  of  Medidne,  Dentistry  and  Pharmacy  (Bliss,  book  review),  666;  Dcr  Nschadi 
organischer  Verbindungen.  AusgenAhlte  Reaktioncn  und  Verfahrca  (Rosenthakr.  bssk  if> 
view),  669;  Traits  complet  d 'analyse  chimlque  appUqute  aoz  cssaia  fandiistrlels  (Fast  Hm- 
mann,  book  review),  669;  interferometer  for,  of  aolns.,  1181;  Course  In  Quantitative  CbHrieil 
Analysis,  Gravimetric  and  Volumetric  (Knight,  book  review),  2607;  Brief  Coont  la  Mctsl- 

lurgical  Analysis  (Ziegler,  book  review) 23V 

Anesthesia  (Gwathmey,  Baskerville,  book  review) ^ 

Anisylideneanthranilic  add ' 

Anode.     See  EUUrodes. 

9,10-Antliracenedichloroethylene ' 

9,10-Anthracenetribromoethane ^ 

9,10-Anthracenetrichloroethane ' 

Anthranilic  adds,  action  of  acetic  anhydride  on  bcnaylidene  (IV) ^ 

Anthraquinonesulfonic  adds,  scpn.  of  mono-^-2.6-  and  2.7- ^ 

Apparatus,  new  forms  of.  1 198;  for  chlorination  with  PCU ^ 

Aqua  regia.  production  of  chloropicrin  by  action  of.  on  org.  eompds ^ 

Arsenic  in  liver  tissue  in  poisoning *" 

Arsenious  oxide  as  an  alkalimetric  standard ^ 

Arsenious  sulfide,  coagulation  of  AsiSg  sol.  by  electrolytes ^ 

Association  of  HgCh  in  water  soin ' 

Atomic  weights,  ann.  rept. — detns.  published  during  1914.  407;  annual  rept.  of  iatcTDat. 

mittee  on,  for  1916,  2449;  see  also  the  various  elements. 
Atoms,  dissociation  of  H  into.  (II).  417;  changes  of  mass  and  weight  in  formation  of 

1 367 ;  structure  of  complex H>^  ^ 

Asulene.  a  blue  hydrocarbon "* 

Bacteria,  quant,  detns.  of  S  in  culture  medium  for  detection  of.  produdng  BUS. J^ 

Barfocd's  test,  disturbing  factor  in ^ 

Barium  amide '^ 

Bases,  effect  of.  in  reaction  velodties  of  triphenylmethane  dyes.  1S71;  reactions  of  both  lo**' 

mols.  of.  1902,  1909;  action  of  diphenylureachloride  on  organic ^ 

Benzaldehyde.  action  of.  on  polycycUc  hydrocarbons  in  presence  of  AlCIt ...  *  ! 
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Benzal  diacetate,  condensation  oC,  with  2-thioh7dantohi 2755 

4-Beasalglycoc7amidine 2425 

Bcnzalhydantoin.  atereoiaomeric  modifications  of 383 

Benzal  phenylhydraxone.  condensation  of,  with  2-thlohydaatoin 2755 

Benxene,  surface  tension  of 1656 

Benzoic  add,  esterification  of,  by  mercaptana,  1934;  neutral  NH«  salts  of  some  sulistituted 2181 

Benzopbenone  chloride 2576 

Benzoquinone,  action  of  Mii«yMi.-benzoylparatolylhydrasine  upon,  and  its  homologs 906 

^Benzozytriphenyicarbinol 2588 

«-BenzoyI-/9-acetyl-^*tolylhydrazine 909 

l-Benzoylamino-5-dimethylhydantoin 1892 

2-Benzoylglycocyamidine 2422 

Benzoyliminoacetonitrile 940 

2-Benzoylmethylmercapto-4-methyl-6-ethoxypytimidine 2595 

2-Benzoylmethylmercapto-4-methyl-6-oxypyrimidine 2596 

Benzoyl-^-tolylhydrazine,  action  of  unsym.,  upon  benzoquinone  and  its  homologs 906 

Benzylidene.  action  of  acetic  anhydride  on,  anthranllic  acids  (IV) 582 

l-BenzyUdeneamino-5-dimethylhydantoin 1892 

Binary  mixtuies,  viscosities  of,  of  associated  liquids,  water,  formic  add  and  acetic  add 1 194 

Biology,  Numerical  Data  of  (Terroine,  book  review),  1639;  quartz  Hg-vapor  lamp  for. 1721 

o-Bis-d-galactonic  add 345 

Biurets,  action  of  CI  on  carbamic  esters  and 569 

Blast -lamp  for  natural  gas 144 

Blood,  nephelometric  estn.  of  purine  bases  induding  uric  acid  in 2430 

Boiling  point  curve,  distillations  in  which  the,  passes  through  a  maximum  and  a  mininutei 301 

Boiling  points,  vapor  pressures  of  SOs  and  NsO  at  temps,  bdow  their  normal 2691 

Booka.    See  New  Books  {Retinps). 

Boron,  detn.  of .  in  Pe 1 137 

Botany,  Applied  and  Economic  (Kraemer,  book  review) 670 

Brauneria  angustifoUa,  constituents  oi  root  of 1769 

Bromal,  action  on  polyeydic  hydrocarbons  in  presence  of  AlCIa 385 

Bromides,  detection  of,  in  presence  of  cyanates,  cyanidea  and  ferrocyasldes,  298;  deta.  of  iodidt 

in  presence  of , 1496 

Bromine,  at.  wt.  of  C  referred  to 95 

Bromoacetylzyloee,  2745;  eonversion  into  /S-tetncttylzykMe 2747 

Blomo-2-amino-4-methyl  phenyl  ether 1837 

Bromobenzoic  add.  NH4  salts  of  o-,  m-  and  p- 2184 

4-(ci-Bromodnnamal)>hydantoia 2142 

1.2,4-Bromonitrobenzenesttlfonic  add,  Tb  salt 2652 

Bromo-2-nitro-4-methyl  phenyl  ether 1837 

o-Bromopalmitic  acids,  action  of  finely  divided  Ag  on 586 

Jfoomoayringic  add.  Me  esters 2729 

firomotriiododinitrobenzene 1530 

Bromotrimethylgallic  add.  Me  ester 2726 

Buret,  dmple,  reader 1730 

Burn,  aurfadal.  produced  by  unknown  radiation 549 

Butanes,  vapor  pressure  of  normal,  at  low  temp.,  2188;  vapor  pressure  of  isobutane  at  temps,  be- 
low its  normal  b.  p.,  2482;  critical  consts.  of  normal  butane  and  iao>butane  and  their  vapor 

pressures  at  temps,  between  0*  and  120*  C 2683 

4«rf.-Butylbenzene 1001 

Bntinric  acid,  surface  tension  of  Et  butirrate 1656 

Cadmium,  at.  wt.  of  an)— detn.  of  Cd  in  CdCli,  113;  reprodudbiUty  of,  electrode,  953;  at. 

wt.  of 1997 

Cadmium  chloride,  electrolytic  detn.  of  Cd  in 113 

Cadmium  iodide,  ale.  solus,  of 1990 

Caesium.     See  Cesium. 

Calcium  carbonate,  solubility-product  constant  of 2001 

Caldum  nitrate,  cond.  study  of  reaction  between,  and  dipotassium  phoq>hate  in  dlL  soln.,  1091; 

solubility  curves  of  salt  hydrates 1688 

Calculations.  Chemical  (Ashley,  book  review) 2606 

Calorimeter,  acid-resisting  alloy  to  replace  Pt  in  bomb 2515 

Calorimetry.  synthermal  regulator  for  maintaining  adiabatic  condition  in 1718 

Camphidones 199 

Carbamic  add,  action  of  CI  on  esters  and  biurets 569 


2802  INDBX. 

^-Carboctboxytriphenylcarbiiiol 2SS 

f^Carboethoxytripbenylmcthyl  ether 2M 

Carbohydrates,  acetolysU  of Iltt 

Carbomethozyphenol,  di-methyl  salicylate  ester  of  oxalic  add 27H 

Carbon,  at.  wt.  of.  referred  to  Ag  and  Br,  95;  thermoelectric  properties  of 3033 

Carbonates,  analysis  of.  for  their  ferrous  Pe  content Ml 

Carbon  compounds,  free  energy  of 4N 

Carbon  dioxide,  lab.  app.  for  detn.  of,  by  loss 17N 

Carbon  monoxide,  equilibrium  between  COS.  CO  and  S Vf'i 

Carbon  oxysulfide,  equilibrium  between  COS,  CO  and  S,  1976;  dissodatioa  of  (corrsctiss) 27» 

Carnotite.  extn.  and  sepn.  of  radioactive  constituents  of I^ 

Castor  beans,  esterase  and  lipase  of 2i^ 

CaUlysis,  influence  of  temp,  in  acid.  551;  with  weak  acids  (VT).  2065;  (VII),  2082;  (VIII).  20tt; 

nature  of,  in  conversion  of  cinchona  ailcaloids  into  their  toxines SI 

Cathode.     See  Electrodes. 

Cellose.  isomeric  a-  and  /^-octacetates  of 12?! 

Cells,  electrical,  KCl  concn.  cells 14ti 

Cerium  compounds,  derivs.  of  perceric  oxide 364S 

Cesium,  alkali  element  of  higher  at.  wt.  than  Cs ^ 

Cesium  eerie  chloride 310 

Cesium  chloride,  ionic  hydration  and  transference  numbers  of ^ 

Cesium  salts,  viscosities  of  solns.  of.  In  mixed  solvents 3iM 

Cevadine 2M 

Cevine 2W 

Chemical  action,  theory  of 17^ 

Chemistry,  development  of  chem.  research  in  America.  1 ;  of  Common  Things  (Browslce.  d  sL. 
book  review).  671;  of  Radio-ElemenU.  Pt.  II  (Soddy.  book  review),  1364;  FouodaUsssrf 
(Blanchard,  Wade,  book  review).  1640;  A  First  Course  in  (McPherson.  Henderson,  book  it- 
view),  1640;  cooperation  in  matters  chemical,  2231;  Text-Book  of  Medical  Chciabtfy  n^ 
Toxicology  (Holland,  book  review),  2610;  Laboratory  Manual  to  Accompany  "A  Coosris 
(General  Chemistry"  (McPherson.  Henderson,  book  review),  2786;  Annual  RcptL  of  Pls- 

gressof.  for  1915  (book  review) .' ^ 

Chemistry,  inorganic.  Notes  on  Elementary  (Jeffery.  book  review),  235;  Monogrsphi  oa  Is- 
organic  and  Physical  Chemistry  (Desch.  book  review\  238;  recent  work  in.  536;  Usadbsdk 
der  Arbeitsmethoden  in  der  anorganischen  Cbemie  (Stihler,  book  review),  666;  Text-Bssk 

of  (Friend,  el  al.,  book  review) ;  (Briscoe,  book  review) ^ 

Chembtry.  legal.  Modem  Eriminalistik  (Hell wig.  book  review) '^ 

Chemistry,  mineralogical,  Handbuch  der  Mineralchemie  (Doelter.  «<  cf..  book  review) 667.  U3I 

Chemistry,  organic.  Outlines  of  (Moore,  book  review),  239;  Kurscs  Lchrbuch  der  OrgsaiscfaeB 
Chemie  (Bernthsen,  Darapsky,  book  review),  950;  Introduction  to  Study  of  (Gsrkc,  book 

review),  95 1 ;  Experiments  in  (Moore,  book  review) ^ 

Chemistry,  physical.  Landolt-BArnstein  Physikalisch-Chemische  Tabellcn  (Bfimsteia.  Roik. 
book  review).  235;  Monographs  on  Inorganic  and  (Desch,  book  review).  238;  EkaitnUflf 
(Morgan,  book  review),  667;  Lehrbuch  der  physikalischen  Chemie  (JelUaek,  bookrevirr). 

672;  Practical  (Findlay,  book  review) *ff 

C^hloral,  action  on  polycydic  hydrocarbons  in  presence  of  AlCIs 

Chlorides,  detn.  of  iodide  in  presence  of ^ 

Chlorination,  hydrolsrtic,  of  dimethylpyrone,  578;  app.  for,  with  PCli ^ 

Chlorine,  interaction  of  H  and.  under  influence  of  a-partides,  24;  action  on  carbanie  cstMS  ss4 

biurets ** 

o-Chloroacetophenone  and  deriv ^ 

Chlorobensoic  add,  NH4  salts  of  o-,  m-  and  P- ^ 

Chlorobenxoylacetic  acid,  esters  of  o-  and  p-  and  their  derivs ^ 

Chlorobiurets,  prep,  of ^ 

Chlorocarbamic  esters,  action  of  CI  on  carbamic  esters  and  biurets  and  prep,  of 

4-Chlorodipheaacyl J* 

2-Chloro-5-ethoxypyrimidine ^ 

Chlorobydroxy  compounds,  new  series  of ^ 

^-Chlorophenacyl  benzoylacetic  acid  ester ^ 

Chlorophyll * 

Chloropicrin,  production  of,  by  action  of  aqua  regia  on  org.  compds *  ^ 

Chloropropylurethan ™ 

Cicutoxin 

Cinchona  alkaloids,  catalysis  in  conversion  of.  into  their  toxines 
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dnchonidine,  rate  of  oonyenioo  of.  into  dndiotoxine , 2082. 

Cinchonine,  rate  of  eonverdon  of,  into  dnehotoxinc 2065 

Cinchotozine.  rate  of  conversion  of  dndionine  and  dnchonidine  into 2065*  2082 

4-Cinn8malhydantoin 2138  • 

Cinnamic  aldeliyde,  condensation  of,  with  hydantoins 2133- 

Citric  add.  tri-NH4  salt 208 

Citrus  extracts,  detn.  of  volatile  esters  in  dtrus  oib  and 2382 

Coagulation  of  AsiSi  sol  by  electrolytes 2024 

Cocaine,  Goeldner  s  test  for 1960 

Colloids,  dec.  synthesis  of,  292;  Zur  Lehre  von  den  Zust&nden  der  Materie  (Veimam,  book  re- 
view), 665;  method  of  prep,  and  transformations  of  colloidal  MnOs,  1079;  Chemistry  of,  and 

Some  Technical  Applications  (Taylor,  book  review),  2609;  dec.  synthesis  of 2667 

Color  reaction  for  papaverine 2402 

Columbiam,  at.  wt.  of 1 783 

Combustions,  rapid  org 1636 

Compressibility  of  Hg.  Cu,  Pb.  Mo,  Ta.  W  and  AgBr,  470;  of  elements  and  relation  to  other 

properties,  1643,  (correction) 2696 

Concentration  in  solns.  of  electrolytes 1421 

Condensation  of  vanillin  and  piperonal  with  aromatic  amines,  1362;  of  aldehyde  diacetates  and 

of  pbenylhydrazones  with  2-thiohydantoln 2753 

Condensing  agent,  las 1 748 

Conductivity,  electric,  reaction  between  CaCNOt)*  and  dipotassium  phosphate  in  dil.  soln..  1091; 

of  some  unusual  salts  in  aq.  soln , 2626 

Constants,  radiometric  measurements  of  ionization,  of  indicators  (II),  1694;  solubility-product 

constant  of  Ca  and  Mg  carbonates,  2001 ;  dissociation  constant  of  water 2263 

Copper,  compressibility  of,  470;  new  test  for 1471 

Copper  ammonobenzenesulfonatc  and  diammooate 2288 

Copper  ammono-^-toluenesuUonate  diammooates 2286 

Copper  salts,  cuprous  salts  of  O  acids — prepg.  cuprous  salts 1 167 

Conlometer,  complications  at  the  anode  in  the  Ag , 675 

Creatinine,  conversion  of  glycocyamidine  into  isomers  of 2416 

Cresols,  substituted,  1839;  di-p-cresyl  oxalate 2718. 

Critical  constants  of  normal  butane,  iso-butane  and  propylene  and  their  vapor  pressures  at  temps. 

between  0®  and  120'*  C 2683 

Crystallization,  fractional,  of  picrates  of  didymium  group 807 

Crystallography,  Numerical  Data  of  (Spencer,  book  review) 1639, 

Culture  mediums,  quant,  detns.  of  S  in,  for  detection  of  bacteria  producing  HtS,  612;  for  bac- 
teriol.  exam,  of  water  (I) — Schardinger-Dunham  medium  for  testing,  for  presence  of  HiS 

forming  bacteria,  1606;  (II) — lactose-peptone  media,  1949;  (III) 2198 

Cyanates,  detection  of  bromides  in  presence  of 298 

Cyanic  acid  in  gladal  AcOH  solns 1884 

Cyanides,  detection  of  bromides  in  presence  of , 298 

Cyanocamphonanic  add 197 

Cyanodihydrocampholytic  add 201. 

Cydohexane 1001 

Decomposition,  behavior  of  hydrazine  salts  on,  by  hc«t 1105 

Dehydrating  agent.  I  as 1748 

Density  of  satd.  vapors  of  NH4  halides  and  related  thermal  data,  38;  of  satd.  vapor  of  PC1« 2055 

Dentistry.  Laboratory  Manual  of  Qualitative  Analysis  for  Students  of  (Bliss,  book  review) 668 

2,4-Diaoetoxy-3,5-dimethoxybenzoic  add 2433 

3,3'-Diacetylamino-6.6'-dibromodiphenylmetliane 374 

3,3'-Diacetylaminodiphenylmetbane 374 

3,5-Diaminobenzoic  add,  NH4  salt 2188 

3,3'-Diamino-6.6'-dibromodiphenylmethane 375 

3,3'-Diaminodiphenylmethane 374 

Dianthracenedichloroethylene 388 

Dibenzalmesotriphenanthrene 392 

2.2'-DibromodiphenyIketone 377 

2,2'-Dibromodiphenylmethane 375 

Dibromophenylacetketodihydrobenzmetoxanthine 584 

2'Dibromopropylmercapto-4-methyl-5-bromo-6-oxypyrimidine 181 

Dibromosallcylideneanthranilic  acid 583 

Diehloroacetylbiuret 577 
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2,6-Dichloro-5'ethozyp3rrtmidine 21)7 

2,6-Dichloroh7drox7-3.5-dichloro-4-ketohepUne,  bolatloa  of.  and  Its  decomp.  Into  34-dleUai»- 

2,4,6-triox7heptmne S7t 

Dichloroisoamylurethane S73 

Dlchloroprop^lurethane S72 

3,5-Dicliloro-2,4.6-triketoheptane SB 

3,S-Dicliloro-2,4.6-trioz7heptane,    decomp.    of    2,6-diclilorohydrox9r-3.5-dicliloc«-4-kttolM9tue 

into Sn 

Didymium  sroup,  crystn.  of  picratet  of  rare  earths  of W 

Diethozyacetic  add.  Bt  ester 2W 

2»5-Diethozypyrimldine 2lftl 

Diffusion  coefficient  applied  to  liydrodiffasion  of  electroljrtes 722 

4r(2.5-Dihydroxybenzyl)-hydantoin IHl 

2,4-DiIiydrozy-3,5-dimetliozybenzoic  add 2731 

DI-^-liydroz3rtetraphenylniethane 2NI 

Dllodoanlline  hydroclilorlde tSN 

er-Diketones,  sepn.  and  detn.  of M 

3.4-Dimethozypheny1acetketodili]rdrobenzmctozaslne SIS 

l,4-Dimethyl-2-benxoylmetliytmercapto-6-oxypyrlnildine 29H 

1.3-Dimethyl-4  (3-nitro-4-hydrozybensyl)-hydantoin 110 

Dlmetliylpyrone,  hydrolytic  clilorination  of S7I 

Dimethylpyrone  hydrodiloride S$f 

^-DinapliUiyldibronioethylene 317 

«-DinaphthylcUcliloroetliy1ene 311 

t,2-Dinitrobensene,  reactions  of  Na  methylate  and  ethylate  with IW 

3,5-Dinitrobeniolc  add.  NIi4  salt llC 

1 .2,4-Dinitrobroniobensene.  reactions  of  Na  methylate  and  ethylate  with Ml 

t,2,4'Dinltroch]orobensene,  reactions  of  Na  methylate  and  ethylate  with ^ 

3,3  '-Dinitrodlphenylmetfaane 373 

3,4-Dinltropyro(aUol-2,6-dlmethyl  ether tm 

^.^-Dinitrodipyrrole 23S3 

4-(3.5-Dlnitro-4-hydrozybenzyl)-hydantoln 2iT» 

3.5-DInitrotyrosine,  syntheds  of 3161 

4-(2,5-Diozybenzal)-hydantoln IM* 

2,6-Dioxy-S-ethozypyrimidine 2U6 

Diphenanthrenephenylmethane ^ 

Diphenozydiphensrlmethane 2S77 

(franj.) 'l*3-Diphenylbenzalhydantoin 1^^ 

l,3-Diphenyl-4-bensal-2-thiohydantoin ^^ 

l.3-Diphenyl-4-bensyl-2-thiohydantoin ^^ 

1,3-Diphenylhydantoin "^ 

Dlphenylmethane  series,  syntheses  in ^ 

1.3-Diphenylthiohydantoin. ^^ 

Diphenylureachloride,  action  of,  on  organic  bases ^ 

bipotassium  phosphate,  cond.  study  of  reaction  between  Ca(NOi)i  and.  In  dIL  soln. ^^^ 

Disodium  hydrogen  arsenate,  equilibrium — Pb(NOs)t,  HsO  and 1^ 

Disperaoidology,  Tezt-book  of  (Janek,  book  review) ^ 

Dissociation,  dendties  and  degrees  of.  of  satd.  vapors  of  NII4  halides  and  related  thmsd  dsti. 
38;  of  H  into  atoms  (II),  417;  electrolytic,  and  chem.  action,  1732;  can  theory  d.  be  U99^ 
to  solid  solos,  in  steels,  2039,  correction,  2522;  degrees  of.  of  satd.  vapor  of  PCk  2055;  60S> 
stent  of  water,  2263;  degree  of.  of  AgNOs  in  satd.  soln..  "2333;  of  some  twnaad  nils  is  •«• 

soln.,  2626;  of  carbon  ozysulfide  (correction) ^^ 

DistiUation,  fractional,  with  regulated  still-heads.  301;  fractional,  with  icgnlated  stiD-lnsds  (H) 

—  of  ternary  mizts ^ 

Ditetradecylsuodnic  acids,  synthesis  of  2  isomeric ^ 

2,4-DithiourelnopcnUne '^' 

Dithiourimidoacetylacetone,  constitution  of ^ 

Di-P-zylylmethane ^ 

Drop  weight  method  for  detn.  of  surface  tension  of  a  liquid '^ 

Drugs,  Laboratory  Manud  for  the  Detection  of  Poisons  and  Powerful  Drugs  (Antcnrielk.  Iwd 
review) ♦• 

CdBMA  and  Nephritis  (Fischer,  book  review) |* 

Effluents,  detn.  of  gases  dissolved  in ^ 

Electric  current,  influence  of  a.  c.  on  dectrdysb  by  a  d.  c,  733 ;  a.  c.  thermoregulator 


INDBX.  2805 

Blcctricitr,  Nnmerical  Data  of  (Dutoit.  et  al.,  book  review) 1639 

Slectric  transference  in  amalgams 2656 

Blectvocliemistry,  electrochem.  oxidation  of  hjrdraxine  sulfate  and  NH4OH,  1114;  Numerical 

Data  of  (Dutoit,  $t  al.,  book  review) 1639 

Btectrodeposit,  indusioo  of  electrolTte  by,  in  Ag  voltameter 7 

Electrodes,  complication  at  the  aimde  In  the  Ag  Goniometer,  675;  reproducibility  of  Cd,  953; 

potential  of  the  Pt  electrode 1983 

Electrolyaie  of  solns.  of  rare  earths,  131;  of  soin.  of  Na  hydrazine  in  anhydrous  hydrazine,  497; 

inilucxioe  ctf  an  a.  c.  on,  by  a  d.  c,  733;  of  solus,  of  rare  earths  (II) 1963 

Blcctrolytca,  inclusion  of,  by  deposit  in  Ag  voltameter,  7;  ideal  diffusdon  coeff.  applied  to  hydro- 

diffnsion  of,  722;  osmotic  pressure  and  oonca.  in  solns.  of— degree  of  ionization,   1421; 

eoagulation  of  AsiSi  sol  by 2024 

Electron  conception  of  valence 274,  709,  855,  1732,  2368 

Elements,  alksU  element  of  liigher  at.  wt.  than  Cs,  286;  compcessibiUties  of,  and  their  relations  to 

other  properties,  1643;  (correction) 2696 

Bncsgy,  free,  of  C  compds.,  458;  free,  of  N  oompds.,  2308;  of  formation  of  formic  add,  2316; 

Surface  Tension  and  Surface  Energy  and  their  Influence  on  Chemical  Phenomena  (Willows, 

Ratschek,  book  review) 2447 

Engineering,  Numerical  Data  of  (ArchbuU,  tl  al.,  book  review) 1639 

Entropy  of  vaporization  as  means  of  distinguishing  normal  liquids 970 

Enzyme  action  (XII) — esterase  and  lipase  of  castor  beans.  217;  (XIII)  lipase  of  soy  beans 649 

Enzymes  of  central  nervous  system.  653;  cstn.  of  raffinose  by  ensymlc  hydroljrsis,  2193;  OKy« 

nittilase  (II) 2205 

Equilibrium  in  system:  NatHAs04-Pb(N0i)s  and  water,  1685;  between  COS.  CO  and  S,  1976; 

In  systems  of  higher  aks.,  water  and  salto,  2697;  between  the  fructose  pcntacetates 2742 

Erepsin,  action  of 1319 

Essays  and  Addresses  (Brown,  book  review) 665 

Esterase  of  castor  beans 217 

Esterification  (VI)--of  BzOH  by  mercaptans 1934 

Esters  of  d-mannonic  and  tf-gluconic  adils,  345;  metallic  salta  of  add  ammcmo  esters,  2279;  dcta. 

•f  volatile,  in  dtrus  oils  and  eztracta 2382 

Ethane,  sepn.  of  ethylene  and,  by  distn.  in  90CMO  at  low  temps.,  896;  vapor  pressure  of 1893 

Ethers,  action  of  AlCb  on  aliphatic 2560 

Ethyl  alcohol,  surface  tension  of.  1656;  reactions  of  Na  ethylate  with  Me  iodide  in  abs..  1902; 

ale.  solns.  of  Cdit 1990 

Ethylene,  sepn.  of  ethane  and.  by  distn.  in  waeno  at  low  temps.,  896;  vapor  pressure  of.  1893; 

hydrogcnatlon  of .2115 

Ethyl  ether,  ooddation  of 902 

Ethyl-hoyl  cacWnol  (3-noaanol) 2537 

2-Ethylnicrc^yto-5-ethoxy-6-chloropyrimldine 2157 

2-Ethylmeroapto-5<cthozy-6-ozypyrimidine 2156 

2-Ethylmerc^to-4-methylpyrimidine 2163 

2-Ethylmercapto-6-ozy-4-aldehydopyrimidine.  di-Et  acetal  of 2150 

2-Ethyhnercapto-4-phenyl-6-amioopyriniidine 382 

2-Ethylmercapto-4-phenyl-6-chloropyrimidine 381 

2-Ethylniercapto-4-phcnyl-6-oxy  py  I  imidine 381 

3>Ethyl-4-methyIani]faie 1845 

2-Ethyl.4-niethylphenol 1843 

Evaporation  method,  mol.  wte.  of  gases  by 2662 


Fatty  acids,  absorption  and  surface  tensions  of  aq.  soln.  of  homologous,  and  aks 513 

Feeding  stuffs,  quant,  detn.  of  amino  acids  of 1778,  2762 

Fermentation,  compn.  of  gases  formed  in  lactose-peptone  fermentation  tubes 2198 

Ferrocyanides,  detection  of  bromides  in  presence  of 298 

Fibroin,  conversion  into  nitro-fibroin,  2170;  identification  of  3'HiUotyrosiue  among  producte  of 

nitrated 2598 

Fibroln-zanthoprotdc  add 2170 

Filter,  analytical  suction 1519 

Firefly.    See  LamPyridas. 

Fletchcrizing,  utilization  of  ingested  protein  as  influenced  by 1347 

Flnoboric  add,  in  qua!,  analjrsis  of  Na 1515 

Fluorides,  permanganate  detn.  of  Fe  in  presence  of 1481 

Fluorine,  quant,  detn.  of 2500 

Fhwsilidc  add  in  qual.  analysis  of  Na 1515 


n 
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Foods.  A  Study  of  Foods  (Wardall,  White,  book  rcTiew),  240;  Food  Products  (Shcnua.  huk 

review) 4M 

Formic  acid,  viscocdties  of  binary  mizts.  of  associated  liquids,  water,  acetic  acid  sad,  1194;fni 

energy  of  formation  of 2311 

Freezing  point,  measurement  of,  depression  of  dil.  solas 411 

Fructose  pentacetates,  d-,  1283;    a-i-.  2736,   conversioa  of  fructose  tetraoetate  into  I-.  2742; 

eqtiil.  between,  2742;  action  of  HBr  in  acetic  acid  soln.  on  a-  and  fi' 2i4l 

Fructose  tetracetate.  prepn.,  2738;  conversion  into  /{-fructose  pentacetate.  2742;  ooaTcrtisf.  Is 

isomeric  form 2742 

4-GALACTONIC  7-lactoks  and  iu  monohydrate MS 

Galactose  pentacetate,  conversion  of,  to  an  isomeric  form.  1589;  existence  of  a  3rd ^9\ 

Gas,  natural,  blast-lamp  for,  144 ;  sepn.  of  its  constituents M 

Gases,  app.  for  study  of  reactions  between  liquids  and.  2112;  compn.  of.  formed  in  IsctoM-pcptooe 

fermentation  tubes,  2198;  detn.  of,  dissolved  in  water  and  effluents,  2490;  mol.  wti.  of.  by 

evapn.  method,  2662;  improved  form  of  washing  bottle 209 

Gas  generator,  modified  Kipp Iti 

Gasoline,  sepn.  of  constituents  of  a  natural  gas  from  which  gasoline  is  condensed 3^ 

Gastrointestinal  canal,  studies  (VII)   utilisation  of  ingested  protein  as  influenced  by  osdcf- 

mastication  and  overmastication 1^ 

Gauze,  nichrome 121 

J-Gluconic  acid  esters  and  monoracri.  fi-  and  y-lactones  of ^ 

Glucose,  optical  rotatory  powers  of  a  and  fi  forms  of  acetylated  derivs.  of ^^ 

Gluten,  colloidal  swelling  of  wheat I2W 

Glycocyamidine  compounds,  synthesizing  and  conversion  of  glyooeyamidinc  into  iaosMn  <if 

creatinine 24W 

Goeldner's  test  for  cocaine •'* 

Guaiacol,  di-guaiacyl  oxalate 2729 

HAUDBS,  UtraUon  of  smaU  amts.  of ! "J" 

Halogen  acids,  combination  of  protein  with '^ 

Halogenation  (VII),  569;  (VIII) W> 

Halogenoacetic  acids,  salts ^ 

Heat,  behavior  of  hydrazine  salts  on  deeomp.  by,  1 105;  change  of  NH4  IsetUooatc  by 2iM 

Heater  for  maintaining  const,  temps,  in  polarimeters  and  refractometers '^ 

Heat  of  combustion  of  aromatic  hydrocarbons  and  hezamethyleoc ^ 

Heat  of  formation,  dissociation  of  H  and ^^ 

Heat  of  neutralization  of  hydroxylamine  and  tetramethylammonlum  hydroxide ^ 

Heat  treatment.  Elnfahrung  hi  die  M«tallographie  und  WArmebehaadlttas  (HsBOMan.  botk 

review) ^^ 

Hezabromodlacetyl 2S22 

Hexabromodiacetylmonoethylhemiacctal. . « ^' 

Hczabromodiacetylmonomethylhemiacetal ^ 

Hezamethylene,  heats  of  combustion  of  aromatic  hydrocaitens  mad ^ 

Hezanitro-methyl  phenyl  ether "^ 

Hippuric  acid,  interaction  of,  with  thiocyanatts ^ 

Hbtidine-like  substances  in  pituitary  gland *^ 

Hood,  stone-frame  chem.  hood ''^ 

Humic  acids,  chem.  groups  of  amino  acids  In  hydrolyzed  soil  and  their ** 

Humin  fcM-med  by  acid  hydrolysis  of  proteins.  1630;  humin-N  content  of  feedinc  stuffs "^ 

Hydantoino-1 -acetic  acid,  Bt  ester 

Hydantoins  (XXIX),   171;   (XXX).  383;   (XXXI).   1846;  (XXXII).   1856;  (XXXIII).  2133: 

(XXXrV).  2406 ;  (XXXV) Jj 

Hydrates,  detg.,  formed  by  a  salt,  288;  solubility  curves  of  salt 

Hydration,  ionie,  and  transference  numbers  of  CSCl.  694;  of  ions  at  infiaite  dilatioa  sad  ideil 

diffusion  coeff.  applied  to  hydrodiffusion  of  electrolytes ' 

Hydrazine,  anhydrous  (II)  electrolysis  of  soln.  of  Na  hydrazide  in  anhydrous,  497;  (inV-^  * 

solvent — reactions  in *'*•  ^ 

Hydrazine  diperchlorate ^ 

Hydrazine  salts,  behavior  on  deeomp.  by  heat ^ 

Hydrazine  sulfate,  electrochem.  oxidation  of ^ 

Hydrazinodiacetic  add,  conversion  of  iminoacetooitrile  into 

Hydrocarbons,  blue,  in  essential  oils.  167;  action  of  chloral,  bromal  and  bensaldebjde  os  p^tT' 

cyclic  in  presence  of  AlCU,  385;  heats  of  combustion  of  aromatic,  and  hczanieth9teBe.993: 
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asulene,  1537;  action  oi  U  tony  methylene  on.  in  presence  of  AlCli.  2399;  additive  compda.  of 

triphenylmetliyl  and  some  satd 2569 

Hydrocliloric  acid,  aolubifity  of  mixta.  oS  Na  and  K  cliloridea  in  solns.  of  HCl,  844;  phytlol. 

activity  of  combined,  1333;  H  ion  activities  of  solns.  of  HCl  in  presence  of  neutral  salts. . . .  2460 

Hydrocyanic  acid,  detn.  of  small  quantities 601 

Hydrodlffusion,  ideal  diffusion  cocff.  applied  to,  of  electrolytes 722 

Hydrogen,  interaction  of.  and  CI  under  influence  of  or-partldes,  24;  dissociation  into  atoms  (II). 

417;  H-He  system.  1383;  H  potentials  of  NaOH  solns 2263 

Hydrogenation  (I) — of  volatile  sutotances— ^f  ethylene 2115 

Hydrogen  bromide,  action  in  actelc  acid  soln.  on  a-  and  ^-fructose  pentacetate 2744 

Hydrogen  ion.  Die  Wasserstoffionenkonzentration  (Michaelis,  book  review),  673;  activities  of 

solns.  of  HCl,  NaOH,  and  KOH  in  presence  of  neutral  salts 2460 

Hydrogen  sulfide,  quant,  detns.  of  S  in  culture  medium  for  detection  of  bacteria  producing 612 

Hydrolysis,  humin  formed  by  acid,  of  proteins.  1630;  estn.  of  raffinose  by  ensymic.  2193;  of 

NatC03  in  soln 2268 

Hydroquinone  reaction  between  alkalies  and.  in  photographic  devdopers 2273 

4-(2-Hydroxy-5-amlnobenzyl)-hydantoin 1861 

2-Hydroxy-5-amlnopbenylalanine,  synthesis  of  hydantoin  of 1856 

Hydroxyazo  compounds 906 

4-o-Hydroxybenzalhydantoin 1851 

Hydrozyethylsulfonic  acid.     See  Isethionie  acid. 

Hydroxylamine,  heat  of  neutralisation  of 699 

Hydroxyl  ion.  activities  of  solns.  of  HCl.  NaOH  and  KOH  in  presence  of  neutral  salts 2460 

2-Hydrozy-5-methyl-acetophenone 1843 

2-Hydroxy-5-methylpropiophenone 1844 

2-Hydroxy-5-nttrobenzaldehyde 1860 

Hydroxyphenol.  di-p-hydroxyphenyl  oxalate 2720 

^Hydroxytriphenylcarbinol,  prep,  of,  and  the  corresponding  triarylmethyl 2575 

^Hydroxjrtriphenylmethyl 2584 

IMIDBS,  action  of  acid  amides  on,  of  heavy  metals 2279 

Iminoacetonitrile,  synthesis  of,  and  its  conversion  into  hydrazlnodiacetic  acid 935 

Indusion  of  electrolyte  by  dep<»it  in  Ag  voltameter 7 

Indicators,  radiometric  measurements  of  ionization  constants  of  (I),  776;  (II) 1694 

Inorganic  compounds,  electron  conception  of  valence  (VI) 274 

Inosite,  pinite  and,  and  their  derivs 1552 

Interferometer  for  analysis  of  solns -1 181 

Invertase,  effect  of  NaCl  on  action  of 2769 

Iodide,  permanganate  and  iodimetric  detn.  of.  in  presence  of  chloride  and  bromide 1496 

Iodine,  system:  HiO,  KI  and  I,  241 ;  vapor  pressure  of,  between  50"  and  95*.  1061 ;  as  dehydrating 

and  condensing  agent 1748 

3-Iodononane 2538 

*-Iodopalmitic  acids,  action  of  finely  divided  Ag  on '. 586 

Ionization,  degree  of.  in  solns.  of  electrolytes 1421 

Ionization  constants,  radiomstric  measurements  of,  of  indicators  (I).  776;  (II) 1694 

Ions,  hydration  of 722 

Iron,  detn.  of  B  in.  1137;  permanganate  detn.  of.  in  presence  of  fluorides — analysis  of  silicates 
and  carbonates  for  their  ferrous  Pe  content.  1481;  detn.  of  ferrous,  in  silicates  by  titsation 

with  dichromates 1829 

Iron  alloys.  pass||vity  of.  of  different  oompn.  and  structure 2326 

Iron  sulfates,  reaction  between  PeSO*  and  KsCrsOr 2360 

Isethionie  acid,  change  of  NH4  salt  of.  by  heating 2604 

Isobutyl  alcohol,  surface  tension  of 1656 

1-Iaobutyric  acid  amino-5-dimethylhydantoin,  derivs.  of 1884 

'  Isomeiism,  geometrical,  in  hydantoin  series 171 

laopropyl  benzene 1000 

Isopulegolphosphonic  acid 2756 

Ketones,  addition  compds.  of  aldehydes  and.  with  organic  acids 149 

2*Ketopyrimidines,  synthesizing,  and  their  S  analogs 2151 

I^ipp  apparatus,  modified  generator 145 

Lactones,  monomol.  0-  and  y-,  of  d-mannonic  and  d-gluconic  adds 345 

Lactose,  isomeric  octacetates  of,  1270;  -peptone  media  for  exam,  of  water.  1949;  oompn.  of  gases 

formed  in  lactose-peptone  fermentation  tubes 2198 
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LmmpjtUmt,  photoffeak  vabstanoe  in  tlw  firefly,  396;  photogcaic  procmea  in 401 

Lanthanum  pyromucate 2654 

Lead.  oomprcMiblUty  of.  470;  reviMoo  of  at.  wt.  of  (11) — analyik  of  PbBn  (III)  analyrii  of 

PbBn  and  PbCla.  1020.  1027;  atlotropic  modificationa  of 20M 

Lead  ammonoaoetate 2282 

Lead  bromide,  analysis  of 1020,  1027 

Lead  chloride,  revision  of  at.  wt.  of  Pb  (HI)  analysis  of 1027 

Lead  nitrate,  equilibrium:  NaiHAsO«.  water  and 168S 

Lighting,  electric,  quarts  Hg-vapor  lamp  for  biok^ioal  and  pJiotoclMm.  investigations 1721 

Lipase  of  castor  beans,  217;  ot  soy  beans 649 

Liquids,  cntiopy  of  raporisatioa  as  means  of  distinguishing  normal,  970;  ▼isoosities  of  binary 

mists,  of  associated,  water,  formic  add  and  acetic  add,  1194;  new  pycnometer  for,  1199; 

drop  wt.  method  for  detn.  of  surfaoe  tension  of  a,  1461 ;  app.  for  study  of  reactkms  betweea 

gases  and,  2112;  liquid  Junction  potentials 2301 

Lithium  chromate,  cond.  and  dissociation 2633 

Lhrer,  As  in  liver  tissue  in  poisoning 1939 

Magnesium  CAJLBONATB,  solubiUty  of,  in  natural  waters,  1704;  solubiUty-prodact  con- 
stant of 2001 

Magnetic  field,  distn.  of  liquid  air  in  a « 1713 

Magnetism.  Numerical  DaU  of  (Dutdt,  «l  of.,  book  review) 1639 

Malonic  add,  reactions  of  Na  malonic  ester  (II) 1913 

Malt,  influence  of  adds  and  salts  upon  activity  of  amylasa  of,  623;  pnrlfleatlon  of  malt  amylase, 

643;  comparison  of  properties  of  pancreatic  and,  amylase  prqM. 1305 

Maltose,  isomeric  a-  and  ^-oetaoetatcs  of 1276 

Manganese  dioxide,  method  of  prep,  and  transformations  of  colhtldal 1079 

d-Mannonic  add.  esters  and  monomol.  fi-  and  v-lactones  of 345 

Mannose.  isomeric  pcntacctatea  of 1280 

Mass,  change  of.  In  formation  of  complex  atoms 1367 

Mastication,  utilisation  of  ingested  protein  as  influenced  by  under-  and  ovcrmasticatlon 1347 

Mutter,  Electrical  Nature  of  Matter  and  Radioactivity  Oonea,  book  review) 2447 

Medical  coUegc.  Publications  of  the  Jefferson  Medical  College  and  Hospital  (VD  (book  revkw)..  2610 

Medicine,  Laboratory  Manual  of  QualiUtive  Analysis  for  Students  of  (Bliss,  book  review) 661 

Meiibioee,  prepn 2734 

Melibioee  aoeUtes,  274S;  oetaceUte 2752 

Mcrcaptans.  esteriflcation  of  BsOH  by 1934 

2-Mercaptopyrimidlnes,  alkylation  of 177,  2591 

Mercury,  effect  on  soln.  tensions  of  dissolving  alkali  and  alkali  earth  metals  fat,  76;  eMBprssrf- 

bility  of,  470;  subetltnte  for  twfan-bulb  trap  la  tolueate-,  regulators 1198 

Mercury  chlorides,  rate  of  reduction  of  HgCk  by  Na  forasate,  70;  assoe.  of  HgCkIa  water  soln.. .    258 

Mesitylene 998 

MetaUography,  Blnfahrung  in  die  MetaUographie  und  Wlrmenbehandlung  (Hanenann,  book 

review)^ 1961 

Metallurgy.  Numerical  Data  of  (Archbutt,  book  review),  1639;  Brief  Course  In  MeCaHarglesl 

Analsrsis  (Ziegel.  book  review) 2787 

Metals,  reducing,  in  crjrst.  form  on  glass  slips  as  microscope  mounts,  1468;  action  of  add  aaridcs 

on  amides,  imides  and  nitrides  of — metallic  salts  of  add  ammono  esters 2279 

3-Methoxy'4-aoetoxyplienylacetketodihydrobensmetoxasiae 585 

4-o-Metlioxybensalhydantoin 1854 

o-Methoxybenxylhydantolc  add 1854 

4-o-Metlioxybensylhydantoin 1855 

^Methoxyphenylacetketodihydrobenzmetoxasine 584 

o-Methoxyphenylalanine 1855 

Hi-MethoxjrsaUcylideneanthranilic  add 585 

Methyl  alcohol,  surface  tension  of 1656 

l-Methyl-2-allylmercapto-4-methyl-6-oxypyrlmldine IM 

2-Methyl-4-benxalglycocyamidlne 2424 

Methylene  bis-(dl-^-xylylmethane) 2397 

3,4-Methylenedlhyd^xyphenylaoetketodlhydrobenBnietoamdae 585 

1-Metbylglycocyamidine,  hydrochloride  of 2423 

Methyl  iodide,  reactions  of  Na  ethylate  with,  in  BtOH 1902 

2-Methylmercapto-4-mrthyl-6-alloxypyrimidlne IK 

2-Methylmercapto-4-methyl-6-oKypyTiniidine iC 

2-Methylmcrcapto-6-oxy-4-aldehydopyrlmldhw,  dMhjl  aoetol  of 2150 
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l-Met]iyl-4-(2-methozy-5-Aaiinobens7l)-hydantoi]i 1863 

l>Methyl-4-(2-methoz7-5-iiitrobensiU)-h3rdantoiii 1863 

]-Methyi-4-(3'nitro-4-hydn»ybensyl)-hydantoin 1883 

o-Methylphenylacetketodlhydrobenzmetozaziiie 583 

3-Metbyl-2-thiohydantolno-l -acetic  add,  Bt  ether 941 

MethylvaniUylideneaothranJlic  acid 585 

^Metliylxyloslde.  convenioD  of  /S-triacetylmethylzyloside  into 2747 

Metol,  reaction  between  alkalies  and.  in  photographic  developers 2273 

Microscope  mounts,  reducing  metals  in  cryst.  form  on 1468 

MIcroacopy,  Elementary  Chemical  (Chamot,  book  review) 1781 

Mineralogy.  Numerical  DaU  of  (Spencer,  book  review) 1639 

Molectilar  association  (Turner,  book  leview) 1961 

Molecular  weights  of  NaiCOt.  95;  of  Na«S04  and  at.  wt.  of  S,  108;  interpreUtion  of  mol.  wt.  re- 
sults from  measurements  on  solns.,  2063;  of  gases  by  evapn.  method 2662 

Molybdenum,  sepn.  of  W  and,  86;  compressibility  of.  470;  at.  wt.  of 2046 

1,4-a-NAPHTHOUDBNBANTHRANIUC  ACID 584 

Naphthols.  di-a-  and  di-/B-naphthyl  oxalates 2718 

Nephelometry,  estn.  of  P.  2373;  estn.  of  purine  bases  including  uric  add  in  urine  and  blood 2430  * 

Nephritis,  .Oedema  and  (Fischer,  book  review) 1365 

Nervous  system,  enzymes  of  central 653 

Nessle.  's  reagent,  substitute  for 1171 

Neumann's  method,  factor  to  be  used  for  calcn.  of  phosphoric  acid  in 1708 

N<w  Books:  Rbvxbws — Landold-BAmsteln  Physikalisch-Chemische  Tabellen  (Bflmstdn, 
Roth).  235;  Notes  on  Elementary  Inorganic  Chembtiy  (Jeffery),  235;  Manual  of  Quantita- 
tive Chemical  Analysis  (Prank,  Clemans),  236;  Prindples  of  Quantitative  Analysis — An  In- 
troductory Course  (Blasdale),  237;  Monographs  on  Inorganic  and  Phjrsical  Chemistry 
(Desch),  238;  Outlines  of  Organte  Chemistry  (Moore),  239;  A  Study  of  Foods  (Wardall, 
White).  240;  Qualitative  Chemical  Analysis  (Bivins),  404;  Food  Products  (Sherman).  404; 
Methods  of  Quantitative  Organic  Analysis  (Kingscott,  Knight).  405;  Essays  and  Addresses 
(Brown),  665;  Zur  Lehre  von  den  ZustAnden  der  Materie  (Vdmam).  665;  Handbuch  der 
Arbdtsmethoden  in  der  anorgantschen  Chemie  (StAhler),  666;  Elements  of  Physical  Chem- 
istry (Moigan>,  667;  Handbuch  der  Mineralchemie  (Dodter.  el  aZ.),  667, 1639;  Laboratory 
Manual  of  Qualitative  Analysb  for  Students  of  Medidne,  Dentistry,  and  Pharmacy  (Bliss), 
668;  Traits  oomplet  d'analyse  chimlque  appliqute  aux  essals  industrieb  (Post,  Neumann), 
669;  Der  Nachweis  organlscher  Verblndungen.  AusgewAhlte  Reaktionen  und  Verfahrea 
(Rosenthaler).  669;  Applied  and  Economic  Botany  (Kraemer),  670;  Chemistry  of  Common 
Things  (Brownlee,  et  al.),  671;  Lehrbuch  der  physikalischen  Chemie  (JelUnek),  672;  Die 
Wasserstoffionenkonzentration  (Michadis),  673;  Laboratory  Manual  for  the  Detection  of 
Poisons  and  Powerful  Drugs  (Autenrieth),  949;  Kurzes  Lehrbuch  der  Organischen  Chemie 
(Bemthsen,  Darapsky),  950;  Introduction  to  Study  of  Organic  Chemistry  (Clarke),  951; 
Chemistry  of  Radio-Elements:  Pt.  II  (Soddy),  1364;  Oedema  and  Nephritis.  Water  Ab- 
sorption in  the  Living  Organism  (Fischer),  1365;  Annual  Tables  of  Physical  Constants  and 
Numerical  Data.  1639;  First  Course  in  Chemistry  (McPherson,  Henderson),  1640;  Founda- 
tions of  Chembtry  (Blanchard.  Wade),  1640;  A  Text-book  of  Inorganic  Chemistry  (Friend, 
it  al.),  (Briscoe),  1641;  Elementary  Chemical  Microscopy  (Chamot).  1781;  Moderne  Kri- 
minalistik  (Hdlwig),  1782;  Molecular  Association  (Turner),  1961;  Einfahrung  In  die  Metal- 
lographie  und  WBrmenbehandlung  (Hanemann),  1961;  The  Electrical  Nature  of  Matter 
and  Radioactivity  (Jones),  2447;  Suriace  Tension  and  Surface  Energy  and  their  Influence 
on  Chemical  Phenomena  (Willows,  Hatschek),  2447;  The  First  Year  of  Sdence — Laboratory 
Exerdses  (Hessler),  2605;  Chemical  Calculations  (Ashley),  2606;  Course  in  Quantitative 
Chemical  Analjrsb,  Gravimetric  and  Volumetric  (Knight),  2607;  Experiments  in  Organic 
Chembtry  (Moore).  2608;  The  Chembtry  of  Colloids  and  Some  Technical  Applications 
(Taylor),  2609;  Text-book  of  Dbpersoidology  (Janek).  2610;  Publications  from  the  Jefferson 
Medical  College  and  HospiUl  (VI).  2610;  A  Text-book  of  Medical  Chembtry  and  Toxicology 
(Holland).  2610;  Laboratory  Manual  to  Accompany  "A  Course  in  General  Chembtry" 
(McPherson,  Henderson).  2786;  Annual  Repts.  of  Progress  of  Chembtry  for  1915.  2787; 
Brief   Course   in   Metallurgical  Analysb  (Ziegd),  2787;    Anesthesia  (Gwathmey,  Basker- 

ville) 2788 

Nkhrome.  gaure 321 

Kinhydrin  reaction  in  relation  to  age  and  habits  of  individuab 946 

Nitrides,  action  of  add  amides  on,  of  heavy  metals 2279 

Nitroanifiic  aldehyde 163 

Nitrobenzoic  adds,  NHi  salt  of  o-,  m-  and  P- 2186 
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m-Nitrobeozyl  alc^Aol 373 

^NiUobcnzybulfocyanate 1933 

Kitro-a-carbopyfrolic  acids.  Me  and  Bt  eaten 2S46 

Nitro-fibroin,  conversion  of  fibroin  into 2170 

Nitrogen,  valence  of,  in  NH4  salts,  189;  total  amino  N  in  secdUngB  of  Alaaka  pea,  230;  ajniao-add 

N  of  soil 2219 

Nitrogen  clilorides,  substituted 569 

Nitrogen  compounds,  free  energy  of 2308 

4-(3-Nitro-4-bydroxybensyl)-hydantoin 188! 

3-Nitro-4-hydroxyctnnamic  acid  and  its  Me  ether 162,  1877 

3-Nitro<4>methoxybenzaldehyde 163 

4-(3-Nitro-4-metboxybenzal)-hydantoin 1882 

3-Nttro^methoxycinnamic  acid 162 

3-Nitro-4-methoxyphenyldibromopropionic  add 166 

2-Nttro-4-methyl  phenyl  ether  carbonic  acid  and  salts. 1838 

2-Nitro-4'-methyl  phenyl  ether  sulfonchloride 1839 

2-  Nitro-4' -methyl  phenyl  ether  sulfonic  acid 1837 

Nttrophenol,  di-o-nitrophenyl  oxalate 2719 

/l-Nitropyrrole 2551 

Nitroso  derivatives  of  semicarbazinodiacetic  acid  esters 942 

Nitro&oiminoacetonitrile 939 

Nitrosoiminodlacetic  add.  Et  ester 941 

Nitroso- l-isobutyric  add  amino-5-dimethylhydantoin,  Et  ester 1890 

Nitrosulfonic  acids,  tolyl  esters  and  toluidides  of,  of  ^-xylene 21 19 

Nitrosyringic  acid.  Me  and  Et  esters 2730.  2731 

Nitrotrimethylgallic  add,  Me  ester 2726 

Nitrotyrosine,  structure  of.  1863;  identification  of  3- 2598 

Nitrous  oxide,  vi^xnr  pressures  at  temps,  below  its  normal  b.  p 2691 

Nonylene 2538 

OENANTHOL 2537 

Oils,  blue  hydrocarbon  in  some  essential,  167;  essential  of  genus  Solidago,  1285;  detn.  of  volatile 

esters  in  dtrus.  2382;  from  various  parts  of  Acorus  calamus 2387 

Optical  rotation,  optical  rotatory  powers  of  or-  and  ^-forms  of  acetylated  derivs.  of  glucose,  1264; 

rotation  powers  of  isomeric  xylose  tetracetates 2750 

Ordnolphthaleins  and  derivs 1201 

OrdnoUetrachlorophthaleins  and  derivs 1201 

Organic  compounds,  production  of  cbloropicrin  by  action  of  aqua  regia  on.  567;  Der  Nachwds 
organischer  Verbindungen  AnsgewAhlte  Reaktionen  und  Verfahren  (Rosenthaler.  book  re- 
view)      669 

Organbm.   Oedema  and   Nephritis.     Critical.   Bxptl.  and   Clinical  Study  of  Physiology  and 

Pathology  of  Water  Absorption  in  Living  (Piachet,  book  review) 1365 

Osmotic  pressure,  in  solns.  of  electrolytes 1421 

Oxalic  add.  phenyl  esters  of 2716 

Oxidation,  of  ether.  902;  electrochem..  of  hydraslne  sulfate  and  NH4OH.  1114;  of  sulfides  with 

K  iodate.  1 134;  without  addiUon  of  acid 2360 

Oxonium  compounds,  org * 557 

Oxygen  acids,  cuprous  salts  of 1 167 

Oxynitrilasc  (II) 2205 

2-Oxypyrimidlne 2163 

Pancreas,  comparison  of  properties  of  pancreatic  and  malt  amylase  prepa.,  1305;  reaction  of. 

2213;  digestive  activity  and  compn.  of  different  fractions  of  (I) 2427 

Papaverine,  color  reaction  for 2402 

Passivity,  of  ferrous  alloys  of  diiferent  compn.  and  structure 2326 

Pea.  total  amino  N  in  seedlings  of  the  Alaska  pea 230 

Pentabromoacetooe 2532 

Pentabromodiacetylmonobenzylhemiacetal 2533 

Peptone,  quant,  detn.  of  S  in.  607 ;  -lactose  media  for  exam,  of  water.  1949;  compn.  of  gaaes  formed 

in  lactose- peptone  fermentation  tubes 2198 

Perccric  ammonium  carbonate 2648 

Perceric  carbonates,  double 2649 

Perceric  oxide,  derivs.  of 2338,  2645 

Perceric  sodium  carbonate 2646 
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Betrolettin,  oriciii  of 664 

Phamuicy,  Laboratory  Manual  of  QualltatlTe  AsuljtU  for  Students  of  (Blits,  book  review) 668 

9.10-Phenanthrenetribromoetliane 391 

9.10-Phenanthrenetrichloroethane 391 

Phenolphthalein,  phenolqulnolinein,  a  heterocyclic  analog  of 1948 

PbenolqninoUnein.  a  heterocyclic  analog  of  phenolphthalein 1948 

Phenols.  (Ill)— cresols 1839 

4>Phenylcytosine.  synthesb  of 378 

l-PhenyI-4.5-<iihydro-5-oay-3-triasolylmethyl8ulfone 183 

l-Phenyl-4,3-dihydro-5-ozy-3-triazolylsulfinic  add 183 

Phenyl  ether,  derivs.  of 1835 

Phenylhydrazones,  condensation  of,  with  2-thiohydantoin 2753 

l-Phenyl-5-oxy-4,5-dihydro-3-triazolylethylsulfone 188 

l-Phcnyl-5-oxy-4.5-dihydro-3-triazolylmctbylsuirone 187 

l-Phenyl-5-oxy-4.5-dihydro-3-triazolyl9ulfinic  acid. 186 

l>Phenyl-5-ozy-4-ethyl-4.5-dihydro-3-triazolylethybtilfone 188 

l-Pbenyi-5-oxy-4-methyl-4.5.-dlhydro-3-triazolylmethylsulfone 187 

T-Phenylpropenylhydantoic  acid 2138 

4-(-y-Phenylpropenylhydantoin) 2139 

3-PhenyI-2-thiohydantoino-l-acetic  add,  Et  ester 941 

Phosphoric  acid,  factor  to  be  used  for  calcn.  of,  in  Neumann's  method 1708 

Phosphorus,  pptn.  of,  as  NH«  phosphomolybdate  in  presence  of  H^Oi.  1507;  estn.  of,  1711; 

nephelometric  estn.  of 2373 

Phosphorus  pentachloride,  app.  for  chlorlnation  with.  1361;  ds.  and  degrcea  of  dlasodation  of 

satd.  vapor  of 2055 

Photochemistry,  quartz  Hg-vapor  lamp  for 1721 

Photogenic  processes  in  LamPyridae 401 

Photogenic  substance  in  the  firefly 396 

Photographic  developers,  reducing  power  of,  as  measured  by  their  single  potentlaSs.  2246;  re- 
action between  alkalies  and  metol  and  hydroquinone  In 2273 

Phthalic  add,  HKCtH404  as  standard  in  addimetry  and  alkalimetry,  2352;  HNaCiH40«  as 

standard  in  addimetry  and  alkalimetry 2352 

Picrates,  crystn.  of,  of  rare  earths  of  didymium  group 807 

Pinite,  inosite.  and  their  derivs 1552 

Piperonal,  condensation  of  vanillin  and,  with  aromatic  amines 1362 

Piperonalideneanthranilic  add 584 

Pipet,  convenient  weighing 2062 

Pituitary  gland.  histidine-Uke  substances  in 203 

Platinum  substitute,  add-resisting  alloy  to  replace  Pt  in  bomb  calorimeter 2515 

Poisons,  A  laboratory  Manual  for  the  Detection  of  Poisons  and  Powerful  Drugs  (Aotenrleth, 

book  review) .^ 949 

Polarimeters.  heating  app.  for  maintaining  const,  temps,  in  work  with 147 

Potassium,  potential  of  Ag  vs.  Ag  ion  in  cone,  solns.  of 1676 

Potassium  ammonoargentate 852 

Potassium  ammonobarate 2295 

Potassium  ammonocaldate 2295 

Potassium  ammonostrontiate 2295 

Potassium  benzylammonoacetate  monammonate 2293 

Potassium  carbonate,  system:  isopropyl  alc.-KsCOi-HiO,  2708;  system:  aOyl  alc.-KsCOr-RiO. . .   2710 

Potassium  chloride,  solubility  of  mixts.  of  NaCl  and,  in  HCl,  844;  KCl  concn.  cells 1445 

Potassium  dichromate,  detn.  of  ferrous  Pe  In  silicates  by  titration  with,  1829;  reaction  between 

FcS04  and 2360 

Potassium  ferricyanide.  cond.  and  dlssodation 2631 

Potassium  fluoride,  system:  isopropyl  alc-KP-HsO,  2707;  sjrstem:  allyl  alc.-KP-HsO 2709 

Potassium  iodate,  oxidation  of  sulfides  with 1 134 

Potassium  hydrozide,  OH  ion  activity  of  solns.  of,  in  presence  of  neutral  salts 246 

Potassium  iodide,  system:  HtO,  KI  and  1 240 

Potassium  ^-phenetoleammonoacetate 2291 

Potential,  stannic-stannous  (correction).  1201;  of  Pb  electrode,  1983;  of  Ag  vs.  Ag  Ion  In  cone, 
solns.  of  KCl  and  NaCl.  1676;  redudng  power  of  photographic  developers  as  measured  by 
their  single  potentials,  2246;  H  potentials  of  NaOH  solns.,  2263;  liquid  junction  potentials,  2301 

Praseodymium,  revision  of  at.  wt.  of 516 

Praseodymium  chloride,  analysis  of 516 

Predpitant  for  NH» 1171 

stopcock,  137;  chem.  reactions  at  low 1 139 
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Propane.  Tapor  prcMure  of,  at  low  ttmp 2tM 

Fropionic  add,  Tb  salt..... 2611 

Propyl  alcohol,  purification  of,  2703;  ayatem:  normal  propyl  alc.-NaiCOr-HiO,  2709;  ayahJi: 

isopropyl  alc-KP-HsO,  2707;  tyitem:  bopropyl  alc-KsCOr-HiO 2701 

'Propyl  benxene 991 

Propylene,  vapor  preasure  of.  at  low  temp.,  2188;  critical  oonsta.  of.  and  ha  v»por 

temps,  between  0^  and  120^  C 

2-Propyl'4-methylphenol ISM 

Proteins,  utilisation  of  invested,  as  influenced  by  nndermastlcatlon  and  ov<arniaatieatloa,  1347; 

combination  of,  with  halogen  adds,  1593;  humin  formed  by  add  hydrolyaia  oC.  16J0;  nltntad 

a).  1863;  ai).  2164;  (III).  2170;  (IV).  2598;  trichloroacetic  add  as  prcdpitaat  of MM 

Purine  bases,  nephdometric  estn.  of.  in  urine  and  blood 2439 

Pyrimidine  aldehydes — their  biochem.  interest 2144 

Pyrimidines  (LXXIII).  177;  (LXXIV),  378;  (tXXV),  2144;  (LXXVI),  2151;  (LXXVU) 2191 

Pyromudc  add,  Tb  salt,  2652 ;  La  salt,  2654;  Yt  salt 2iS4 

Pseudocumene. 999 

Pycnometer  for  liquids , 1199 

Radiation,  surfadal  bum  produced  by  unknown S# 

Radioactive  substances,  extn.  and  sepn.  of,  of  camotite 1797 

Radioactivity,  Numerical  Data  of  (Saphorea,  Bourion,  book  review),  1639;  Bloctrical  Natare  of 

Matter  and  (Jonea,  book  review) 2447 

Radio-dements,  Chemistry  of,  Pt.  II  (Soddy.  book  review) IJ64 

Radiometric  measurements  of  ioniaation  constanta  ci  indicators  (I),  776,  (II) liM 

RafBnose.  estn.  of,  by  enzymic  hydrolysis 2191 

Rare  earths,  dectrdysis  of  solas,  of  (I).  131;  (II),  1963;  new  compda. 3tf2 

Rare  earth  nitrates,  double  nitrates  with  Pe(NOi)t atS) 

a-RajTs.  interaction  of  H  and  CI  under  Influence  of 24 

Reactions,  in  anhydroua  hydraslne,  825;  theory  of  chem.,  and  reactivity.  979;  oood.  study  of.  be- 
tween Ca(NOs)i  and  dipotasdum  phosphate  in  dll.  sdn..  1091;  chem..  at  low  prisaurcs.  1 139; 
app.  for  study  of,  between  gases  and  liquids,  21 12;  in  liquid  NHi  (II).  2279;  between  alkalks 

and  metd  and  hydroquinone  in  pliotographic  devdopera 2273 

Reaction  vdodties,  temp,  coeffs.  and  effects  of  adds,  bases  and  salts  In.  of  tripheBylmatiwme  dyes  1571 

Reactivity,  theory  of  chem.  reaction  and 979 

Reduction,  rate  of  HgCh  by  Na  formate,  70;  redudog  power  of  photographic  dcvelopcn  as  ssa^ 

sured  by  their  single  potentials,  2246;  without  addition  of  add 23M 

Refractometcrs.  heating  app.  for  maintaining  const,  tempo,  in  work  with 147 

Research,  development  of  diem.,  in  America 1 

Rttbidittffl.  potential  of  the  Rb  dectrodo 1983 

Rubidium  iodide,  eond.  and  diasodatioa 2633 

Rubidium  perceric  carbonate 2641 

SaLICYI,  ALDBHYDB,  di-,  oxalate 2719 

Salts,  detg.  hydrates  formed  by  a  salt,  288;  influence  on  activity  of  malt  amjrlaae.  623;  effect  of,  la 
reaction  vdodties  of  triphenylmethane  dyea,  157 1 ;  reactions  of  both  lona  and  mols.  of,  1902. 
1909;  metallic,  of  add  ammono  esters,  2279;  H  and  OH  ion  activity  of  solas,  of  BO,  NaOH 
and  KOH  In  presence  of  neutrd  salts,  2460;  cond.  and  dissociation  of  some  nnoanal,  la  aq. 

sola.,  2626;  equil.  in  systems  of  higher  ales.,  water  and 2897 

Saturation  method,  measurements  of  vapor  pressure  lowering  by  air  satn.  metliod. Jtf 

Schardinger-Dunham  medium  for  testing  for  HiS-forming  bacteria 16M 

Sdence,  First  Year  of — ^Laboratory  Exercises  (Hesder,  book  review) 268S 

Semlcarbadnodiacetic  add  eaters,  nitroso  derive,  of 942 

Silicates,  analysis  of,  for  their  ferrous  Pe  content,  1481 ;  detn.  of  ferrous  Pe  in 1121 

Silver,  indudon  of  electrolyte  by  depodt  in,  vdtameter,  7;  at.  wt.  of  C  referred  to.  9S;  actiea 
of  findy  divided,  on  a-bromo-  and  a-iodopdmitic  adds,  586;  complications  at  the  anode  la  the 

Ag  coulometer.  675;  potentid  of  Ag  vs.  Ag  Ion  in  cone,  solus,  of  KCI  and  NaCI ICI 

Silver  ammonoacetate 229 

Silver  ammonobenzene  sulfonate  and  other  sdts 2211 

Silver  bromide,  compresdbillty  of 471 

Sodium  hydroxide,  OH  ion  activity  of  solns.  of,  in  presence  of  neutrd  sdts 2<4i 

Silver  iodide  and  thermodynamic  conceptions 731 

Silver  nitrite,  detn.  of  sdubllity  of.  and  its  degree  of  dissociation  in  satd.  sola 23JI 

Silver  phenylammonoacetate  and  monammonate 2292 

Silver  sdts,  solubility  of 506.    SM 

Sodiomdonic  add,  reactions  of  Bt  ester  of 1322 
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Sodluin.  flttoboric  and  fluoaOldc  adds  in  qumL  Mwlyais  of 1515 

Sodlttin  bromate,  cond.  and  dlMOciati<m 2627 

Sodlain  carbonate.  moL  wt.  of,  95;  hydroljib  of,  in  toltt.,  2268;  system:  normal  propyl  alc-HtO- 

NaK:Ot,  2705 ;  system:  aHyl  alc.-NaK:Ot-HsO 27 10 

Sodium  chloride,  solubility  of  mists,  of  KO  and,  in  BO,  844;  potential  of  Ag  M.  Ag  ioa  in  cone 

solns.  of.  1676;  system:  allyl  alc-NaCt-HiO.  2710;  cfleet  00  action  of  InTcrtase 2769 

Sodium  chromate,  cond.  and  dissodstion 2631 

Sodium  colnmbates. 1785 

Sodium  dichromate,  cond.  and  dissodatloo 2631 

Sodium  ditUonate,  cond.  and  dissociation 2628 

Sodium  ethylate,  reactions  of,  with  Me  iodide  in  abs.  BtOH,  1902;  reactions  of,  with  l^-dinitro- 

bensene,   1,2,4-dinitrochlorobettsene  and   1,2,4-dinitrobromdbenMne 1909 

Sodium  formate,  rate  of  reduction  of  HgCb  by,  70;  cond.  and  diwociation 2630 

Sodium  hydraside,  electrolsrsis  of  soln.  of,  in  anhydrous  hydrasine 497 

Sodium  hydroxide.  H  potentials  of  solns.  of 2263 

Sodium  methylate.  reactions  of,  with  1,2-dinitrobenMne,    l,2,4-dinitrochlo(obonsene  and   1,2,5- 

dinitrobromobenscne 1909 

Sodium  phosphates,  cond.  and  dissociation  of  Na4Fk07,  Na«PO«  and  NaHsPOi 2629 

Sodium  sulfate,  moL  wt.  of,  and  at  wt.  of  S 108 

Sodium  tUoesranate,  cond.  and  dissociation 2628 

Sodium  thioaulfate,  cond.  and  dissociation 2628 

Sodium  tungstate,  cond.  and  dissociation 2630 

Sou,  amino-add  N  of,  and  chem.  groups  of  amino  adds  in  hydrolysed 2219 

Sottdago,  Tdatile  oils  of 1285 

SolubiUtyof  Ag  salts,  508,  510;  curves  of  salt  hydrates:  Ca(NOi)t.  1688:  olAgNOt 2333 

Solttbility-product,  constant  of  Ca  and  Mg  carbonates 2001 

Solutions,  effect  on  tmsions  of  dissolving  alkaU  and  alkali  earth  metals  in  Hg,  76;  measoreaent  of 

vapor  pressures  of.  149;  measurement  of  f.  p.  depression  of  dil.,  481 ;  oond.  study  of  reaction 

between  Ca(NOi)t  and  dipotassium  phosphate  in  dIL,  1091;  interferometer  for  analysis  of, 

1181;  can  dlModation  theory  be  applied  to  solid  solns.  in  stcds?  2039.  (eocrection),  2522; 

interpretation  of  moL  wt.  resulta  from  measureneato  o« 2063 

Solvents,  anhydrous  hydrasine  as  a,  816;  viscosities  of  solns.  of  Cs  salta  in  mixed 2636 

Soy  beans.  Hpase  of 649 

Spoctroecopy,  Numerical  Data  of  (BrOnlnghaus,  book  review) 1639 

Stnanie-stannous  potential  (correction) 1201 

States  of  matter.  Zur  Lehre  von  den  Zustinden  der  Materie  (Vdmam,  book  review) 665 

Steal,  can  dissociation  theory  be  applied  to  solid  solns.  in?  2039,  (correction) 2522 

Stareochemistry,  problems  in,  and  dectronic  conception  of  positive  and  negative  valences 855 

Stereoisomerism  of  bensalhydantoln 383 

Stfll-heads.  fractional  dista.  with  regulated  0)301.  (11) 1072 

8tool,]ab 1518 

Stopcocks,  vacuum  and  pressure 137 

Sttcroee,  effect  of  NaCl  en  aotioa  of  invertase    measwrsmtnt  of  amt.  of.  kivcrtad 2783 

Siicfose  acetates.  2748;  octaoetate. 2753 

Sulfldes,  oxidation  of ,  with  K  iodate.  1134;  action  of  thioayl  chkrlde  on 2486 

Sulfur,  at.  wt.  of,  108;  quant,  deta.  of,  in  peptone,  607;  quant,  detns.  of.  in  culture  medium  for 

detection  of  bacteria  producing  H^,  612;   equilibrium  between  COS.  CO  and  8.  1976;  new 

crysL  variety  of,  2037;  syntheslBlng  8  analogsof  2-ketopyriaiidlnes 2151 

Stdfurdfcndde,  vapor  pressure  at  tempo,  below  ita  normal  b.p 2691 

SnUuric  add.  pptn.  of  P  in  presence  of 1507 

Surface  tension,  of  aq.  soln.  of  homologous  fatty  adds  and  ales.,  513;  drop  wt.  method  for  detn.  of, 

of  a  liquid,  1461 ;  of  HtO,  MeOH.  BtOH  and  bobutyl  ale.,  Bt  bntyimte,  CiHs  and  toluene. 

1656;  and  Surface  Bncrgy  end  thdr  Twlluence  on  Chemical  Phenomena  (Willows,  Hat- 

sehek.  book  review) 2447 

SweOiag.  colloidal,  of  wheat  gluten 1295 

Synthesis,  eke.,  of  colloids,  292;  in  diphenylmethaae  series.  372;  dec.,  of  colloids 2667 

^rlngic  adds,  synthesis  of  substituted 2723 

Systems,  equil.  in.  of  higher  ales.,  water  and  salta 2697 

TablBS.  Landdt-BAmstdn  Physikalisch-Chemische  TabeUen  (BOmstdn,  Roth,  book  review) . .     235 

Tantafaam,  compresdbOity  of,  470;  at.  wt.  of  (11) 833 

Temperature  coeffidento.  in  reactiott  velodties  of  triphenylmethane  dyes 1571 
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Some  Chemical  Processes  in  Photography,  Robert  P.  Chambers.  The 
Future  Development  of  the  Coal-Tar  Products  Industry  in  America,  M.  L. 
Ccossley. 

Western  New  York  Section 32 

Vacuum  Evaporation,  Otto  Mantius. 

Kansas  City  Section 3a 

The  Effect  of  the  War  on  the  Dye  Industry,  F.  B.  Dains.  Gases  of  the 
Mid-continental  Field,  H.  C.  Allen. 

California  Section 32 

A  Brief  Review  of  the  Work  of  the  Selby  Smelter  Commission,  Ralph  A. 
Gould. 

Connecticut  Valley  Section 32 

The  Development  of  the  Dye  Industry  Abroad,  M.  L.  Crossley.  The 
Radio  Elements  and  the  Periodic  Table,  H.  L.  Ward.  Modem  Purifica- 
tion of  Swimming  Pools,  F.  Lee  Mickle. 

Detroit  Section 32 

The  Question  of  a  Filtration  Plant  in  Detroit,  J.  E.  Clark.  The  Chemis- 
try and  Technology  of  Glass,  Alexander  Silverman. 

Milwaukee  Section 32 

Some  Advances  in  Processes  for  Color  Photography,  J.  H.  Mathews. 

Sjrracuse  Section 33 

Aniline  and  its  Technical  Applications,  E.  S.  Johnson.  Radium,  Charles  L. 
Parsons.  Research  Problems  in  the  Chemistry  of  Forest  Products,  J.  M. 
Johlin. 

New  Haven  Section 33 

The  Carbonization  of  Coal  in  the  By-Product  Oven,  W.  H.  Blauvdt. 

Alabama  Section 33 

The  Development  of  Chemical  Industry  in  the  South.  B.  B.  Ross. 

Cincinnati  Section 33 

The  Existence  of  Free  Radicals,  Moses  Gomberg. 

Chicago  Section 33 

Electro-Chemical  Dualism,  Past  and  Present,  Lauder  W.  Jones. 

New  York  Section 33 

The  Commercial  Aspects  of  Organic  Electrochemistry,  F.  A.  Lidbury. 
The  Technical  Production  of  Iodoform  and  other  Aliphatic  Compotmds, 


vm 

Harold  Hibbert.  The  Electrolsrtic  Production  of  Pure  Coal-Tar  Produda^ 
Geo.  Shannon  Forbes. 

Iowa  Section J4 

Influence  of  Autolysis  on  the  Mycodextran  Content  of  Aspergillus  Niger. 
A.  W.  Dox.  Observations  on  the  Dudauz  Method  for  Determining  Vola- 
tile Aliphatic  Acids,  A.  R.  Lamb.  Some  Errors  in  the  Gravimetric  De- 
termination of  Sulfur,  P.  L.  Blumenthal.    Subject  selected,  C.  N.  Kinney. 

St.  Loub  Section 14 

The  Hydrogenation  of  Oils,  L.  McMaster.  The  Catabolism  of  Pood  Pro- 
tein in  the  Animal  Organism,  P.  A.  Shaffer. 

Lexington  Section 34 

The  Hardwood  Distillation  Industry,  A.  J.  Kraemer.  The  Atomic  Weight 
of  Cadmium,  R.  B.  Taylor.    Acetylene  Solvents,  C.  B.  Shoemaker. 

Maryland  Section 34 

The  Solvate  Theory  of  Solution,  Harry  C.  Jones. 

Cleveland  Section 34 

Norton  Laboratory  Products. 
Deceased  Members 34 

April. 

Council 3S 

Members  elected  between  February  15th  and  March  15th 35 

Meetings  of  the  Sections: 

Nashville  Section 37 

The  Use  of  Methyl  Sulfate  in  the  Preparation  of  Some  Mixed  Ethers  sad 

Esters.  Victor  P.  Lee.    The  Tennessee  Pood  and  Drug  Dept.  and  the  Laws 

under  its  Administration,  D.  L.  Weatherhead. 
Philadelphia  Section 37 

The  Fixation  of  Atmospheric  Nitrogen,  W.  S.  Landis. 
Rochester  Section 37 

Relations  of  the  Chemical  Profession  to  Public  Prdblems,  M.  C.  Whitaker. 
Minnesota  Section 37 

The  Fitness  of  the  Environment,  L.  J.  Henderson.    Water  Purificatioii. 

Louis  I.  Birdsall. 
Nebraska  Section 37 

The  Preparation  and  Use  of  Ammonium  Citrate  Solution  in  Fertilizer 

Analysis,  H.  H.  Hosford.     Colloid  Chemistry  in  the  Service  of  Biology 

and  Medicine,  Martin  H.  Fischer. 
Oregon  Section 3* 

The  Bacterial  Cotmt  of  Milk.  S.  A.  McQueen.     The  Chemical  Methods  for 

the  Examination  of  Milk,  A.  S.  Wells. 
University  of  Illinois  Section 3* 

The  Structure  of  Certain  Reduced  Naphthoic  Acids,  C.  G.  Derick  and  0. 

Kamm.    Oxygen  Place  Influence  in  Saturated  Monobasic  Paraffin  Adds, 

C.  G.  Derick  and  St.  Elmo  Brady.    The  Value  of  Inspection  Trips  in  the 

Training  of  a  Chemist,  D.  F.  McFarland. 
Western  New  York  Section 1* 

The  Settling  of  Suspended  Solids  with  Particular  Reference  to  the  Sofi- 

mentation  of  "Sludge"  from  Bleaching  Powder  Solutions,  Albert  H. 

Hooker. 
Cincinnati  Section J* 

The  Cotton-seed  Oil  Industry,  H.  J.  Morrison.    The  Methods  of  Sspooi- 
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fication  of  Pats,  M.  B.  Graflf.  A  Discussion  of  the  Theory  of  Saponifica- 
tion, Ernst  Twitchell.  An  Interpretation  of  the  Properties  of  Free  Rad- 
icals in  Terms  of  the  Electronic  Conception  of  Positive  and  Negative 
Valences,  H.  S.  Fry. 

New  Haven  Section 38 

Physical  Chemistry  and  Anaesthesia,  Charles  Baskerville. 

Washington  Section 38 

A  Discussion  of  Some  of  the  Problems  and  Difficulties  of  the  Canning  In- 
dustry, W.  D.  Bigelow-  The  Fixation  of  Atmospheric  Nitrogen,  W.  S. 
Landis. 

Wisconsin  Section 38 

The  Fitness  of  the  Environment — ^The  Biological  Significance  of  the 
Properties  of  Matter,  Lawrence  J.  Henderson. 

Chicago  Section 39 

Standards  of  Beer  versus  Milk,  Edward  Gudeman. 

Detroit  Section 39 

The  Manufacture  of  Varnish,  Charles  T.  Bragg. 

Cleveland  Section 39 

The  Measurement  of  Vapor  Pressure  of  Solutions,  O.  P.  Tower.  The 
Rapid  Determination  of  Carbon  in  Steel,  W.  B.  Cleveland. 

Maryland  Section 39 

The  Reaction  of  the  Blood,  its  Significance  and  Determination,  E.  L. 
Levy,  W.  McK.  Marriott.  The  Baltimore  County  Water  Supply.  S.  T. 
Powell. 

Connecticut  Valley  Section. 39 

Varnishes  and  Japans,  Amos  Bissell. 

Puget  Sound  Section 39 

Creosote  and  Its  Use  in  the  Preservation  of  Timber,  O.  P.  M.  Goss. 

Southern  California  Section 39 

Prospects  of  a  Chemical  Industry  in  Southern  California,  Julius  Koebig. 

University  of  Michigan  Section 39 

The  Manufacture  of  Grape  Juice,  J.  O.  Schlotterbeck. 

Columbus  Section 40 

The  Manufacture  of  Perfumes  and  Essential  Oils,  Benjamine  T.  Brooks. 

Louisiana  Section 40 

Reports  of  Commitee  Chairmen  in  connection  with  the  Spring  Meeting  of 
the  American  Chemical  Society.     Manufacture  of  Potash  Salts,  F.  Zerban. 

Lexington  Section 40 

Decomposition  Voltage  of  Salts  in  Liquid  Ammonia  and  Some  Products 
of  Electrolysis  of  Ammonia  Solution,  C.  A.  Nash.  Some  Important  Constit- 
uents of  the  Osage  Orange,  J.  S.  McHargue. 

Northeastern  Section 40 

The  Successful  Application  of  the  Organic  Point  of  View  to  the  Study  of 
Inorganic  Chemistry,  as  Exemplified  by  Some  of  Werner's  Recent 
Triumphs,  F.  J.  Moore. 

Pittsburgh  Section 40 

The  Behavior  of  Substances  under  very  Great  Pressures,  P.  W.  Bridg- 
man.  The  Chemist  in  Relation  to  Industrial  Water  Purification,  William 
A.  Booth.    A  Rational  Process  of  Fractional  Distillation,  M.  A.  Rosanoflf. 

Northern  Intermount^n  Section 40 

The  Influence  of  Irrigation  on  Protein  Content  of  Wheat,  J.  S.  Jones  and 
H.  P.  Fishbum.    Nitrate  Studies.  H.  F.  Holtz.     A  Brief  Review  of  Re- 


cent  Investigatioiis  on  Vitamines,  H.  A.  Holaday.  The  Effect  of  the  Wir 
on  the  American  Chemical  Industry,  J.  Kostalek. 

California  Section « 41 

Industrial  Water  Purification,  Otto  Best. 

New  York  Section 41 

Chemical  Research  at  Low  Pressures,  Irving  Langmuir. 

Maine  Section 41 

American  Chemical  Industry  as  Affected  by  the  War,  R.  H.  McKee. 
Chemical  Method  of  Gauging  Turbine  Discharge,  Chester  Andrews. 

St,  Louis  Section • ^ 

The  Acetolysis  of  Carbohydrates,  Sidney  Bom.  Yeasts  Having  Unusnil 
Properties,  Geo.  Lang,  Jr. 

Kansas  City  Section 4» 

Chemistry  of  Sewage  Purification,  F.  W.  Bruckmiller.  The  Manufacture 
of  Clay  Pipes,  Benjamin  Brooks.  The  Technology  of  Clay  Refractories, 
Paul  Teetor.  Rock  Salt  Mining  in  Kansas,  Sam  Ainsworth.  The  Chem- 
ist in  Commerce,  Rudolph  Hirsch.  Manufacture  of  Portland  Cement 
Chris  Goll.     The  MUk  Problem  of  Kansas  City,  Mrs.  George  N.  Hone. 

South  Carolina  Section 4» 

Titration  Method  of  Determining  Neutrality  of  Ammonium  Citrates.  C 
S.  Lykes.  Determination  of  Sulfur  in  Pyrites  by  the  Alien  and  Bishop 
Method,  J.  T.  Foy.  Effect  of  Mixing  Ground  Limestone  with  Acid  Phos- 
phate, B.  Freeman.  Urine  Analysis,  B.  F.  Robertson.  The  Internal 
Pressure  in  a  Liquid  and  a  Gas,  J.  E.  Mills.  Some  Chemical  and  Agricol- 
tural  Effects  of  Calcium  Cyanamid  when  Used  as  an  Ingredient  in  Mix- 
tures of  Complete  Fertilizers  Containing  Acid  Phosphate,  C.  J.  King. 
Abstract  of  Report  of  Referee  Nitrogen  Determination,  A.  O.  A.  C,  R 
N.  Brackett. 

Deceased  Members 4* 

The  Annual  Tables  of  Constants  and  Numerical  Data <> 

May. 

General  Meeting 41 

Minutes  of  the  Council  Meeting 4* 

List  of  Members  elected  between  March  15th  and  April  15th SS 

Meetings  of  the  Sections: 

Louisiana  Section 54 

Some  Present  Aspects  of  Pure  Food  Work  from  the  Standpoint  of  State  or 

Municipality,  Geo.  B.  Taylor. 
Nashville  Section 34 

The  Chemistry  of  the  Pharmacopoeia,  W.  R.  White. 
Puget  Sound  Section S$ 

Concrete  Aggregates,  M.  J.  Falkenberg. 
University  of  Missouri  Section S5 

The  Lye  Hulling  of  Com  for  Hominy,  J.  W.  Marden.     Separation  of  the 

Rare  Earths,  H.  T.  Newlon.     Some  Notes  on  the  Analysis  of  Iron  and  Steel 

H.  L.  Dahm  and  O.  B.  Mucnch. 
New  Haven  Section S 

The  Chemistry  and  Technology  of  Glass  Making,  Alexander  Silverman. 
Syracuse  Section 55 

A  Rational  Process  of  Fractional  Distillation,  M.  A.  Rosanoff.    Tbemnt 

Welding,  W.  R.  Hulbert. 
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Detroit  Section 55 

The  Laboratory  Inspection  of  Merchandise,  A.  W.  H.  Mory. 

Western  New  York  Section 55 

Some  Problems  in  the  Purification  of  Drinking  Water  from  the  View- 
point of  a  Chemist.  K.  M.  Chamot.     Mectrical  Precipitation.  Linn  Bradley. 

Chicago  Section 55 

System  of  Qualitative  Analysis  Including  Nearly  all  the  Elements,  A.  A. 
Noyes. 

New  York  Section 56 

Contribution  to  the  Structure  of  Primary  and  Secondary  Para-Animo- 
phenylmercuric  Compounds,  W.  A.  Jacobs  and  Michael  Heidelberger.  A 
New  Test  of  Copper.  W.  G.  Lyle.  L.  J.  Curtman.  J.  T.  W.  Marshall.  Re- 
fining Vegetable  Oils,  Chas.  Baskerville.  A  Rational  Process  of  Frac- 
tional Distillation.  M.  A.  RosanofT. 

Cleveland  Section 56 

,  The  Smoke  Nuisance  in  the  Modem  Industrial  Community.  Raymond  C. 
Benner. 

Rhode  Island  Section 56 

The  Fixation  of  Atmospheric  Nitrogen,  John  E.  Bucher. 

Pittsburgh  Section 56 

Chemical  Reactions  at  Low  Pressures,  Irving  Langmuir. 

Cornell  Section 56 

Chemistry  and  Technology  of  Glass.  Alexander  Silverman. 

University  of  Michigan  Section 56 

The  Influence  of  Composition  and  Heat  Treatment  on  Copper  and  Brass, 

A.  E.  White. 

Cincinnati  Section 56 

Nebraska  Section 56 

Some  Applications  of  Physical  Chemistry  in  Analytical  and  Inorganic 

Chemistry,  F.  W.  Upson  and  H.  M.  Plum. 
Rochester  Section 57 

Physical  Chemistry  and  Anesthesia,  Charles  Baskerville. 
Minnesota  Section 57 

Teaching  Chemistry  on  the  Basis  of  the  Periodic  System,  P.  M.  Glasoe. 

Accuracy  and  Coal  Analysis.  L.  A.  Stenger. 
Maryland  Section 57 

Cottonseed  Meal  as  a  Human  Food,  J    B.  Rather.     C.  Caspari,  Jr.,  W. 

B.  D.  Penniman.  W.  W.  Randall.  C.  O.  Miller.  L.  H.  Enslow  gave  papers  on 
Adulteration  of  Ground  Coffee;  The  Determination  of  Nitrites  in  Drinking 
Water  and  Sewage;  A  General  Method  for  Toxicological  Examinations; 
Apparatus  for  the  Regulation  of  Temperature  of  Optical  Instruments. 

Connecticut  Valley  Section 57 

Lake  and  Pigment  Colors  and  Some  of  their  Uses,  A.  I.  Franklin.  The 
Harrison  Law,  H.  C.  Emerson. 

Oregon  Section 57 

Industries  Using  Electrolytic  Processes,  H.  A.  Mayer.  Photographic 
Exposure,  H.  L.  Voss. 

Philadelphia  Section 57 

Beta  Pays  and  the  Chemical  Elements,  Fanny  R.  M.  Hitchcock.  Me- 
tallic Tungsten,  Colin  G.  Fink. 

Georgia  Section 57 

The  Undeveloped  Resources  and  Industries  of  the  South,  A.  D.  Little. 


XII 

University  of  niinois  Section 5I 

The  Forest  Products  Laboratory  and  Its  Chemical  Problems,  Predcrkk 
W.  Kressmann.    The  Manufactw^  of  Linoletmi,  P.  W.  Kressmami. 

Wisconsin  Section 5! 

Recent  Progress'  in  the  Quinone-phenolate  Theory  of  Indicators,  £.  C 
White.    Some  Defects  in  Steel  Ingots,  R.  S.  McCaffery. 

Southern  California  Section 5I 

The  Sanitary  Features  of  the  Los  Angeles  aqueduct,  E.  O.  Slater. 

Columbus  Section 5I 

Manufacture  of  Alundum  and  Their  Application  in  the  Laboratocy,  M. 
H.  Williamson. 
Deceased  Member 5I 

June. 

Council 19 

Deceased  Member 19 

Members  elected  between  April  15th  and  May  Z5th S9 

Meetings  of  the  Sections: 

Connecticut  Valley  Section te 

Early  References  to  Opium,  E.  W.  Morley.  The  Contribution  of  Theo- 
retical Chemistry  to  the  Development  of  the  Dye  Industry,  M.  L.  Cron- 
ley. 

Georgia  Section 61 

Chicago  Section 61 

Some  Problems  of  Chemical  Industry,  R.  P.  Bacon. 

Philadelphia  Section 61 

The  Hydrogenation  of  Oils,  Carleton  Ellis. 

Lexington  Section 61 

Cuprous  Salts  of  Oxygen  Acids  and  a  New  Method  for  Preparing  Cuprous 
Salts,  Lloyd  C.  Daniels.  Some  Work  on  the  Discovery  and  Suppression 
of  the  Illegal  Sale  of  Narcotics  in  Kentucky,  J.  H.  Martin. 

Rochester  Section 61 

The  Manufacture  of  Glycerine,  Lincoln  Burrows.  Sewerage  of  Rochester, 
John  P.  Skinner. 

University  of  Illinois  Section 61 

The  Manufacture  of  Sublimed  White  Lead  and  Other  Lead  Pigments, 
John  R.  MacGregor.  The  Production  of  Lead  Ore  and  the  Manufacture 
of  Certain  Lead  Products,  Fred.  A.  Morgan. 

Cincinnati  Section to 

General  and  Historical  Discussion  of  the  Soap  Industry,  Howard  Dock. 
The  Manufacture  of  Laundry  Soaps  and  Soap  Powders,  A.  CampbeD. 
The  Manufacture  of  Glycerine,  C.  P.  Long. 

Syracuse  Section fc 

Selenium,  F.  C.  Brown.  The  Relations  of  the  Composition  of  Petrolenm 
to  Its  Technology,  C.  P.  Mabery. 

Louisiana  Section fc 

On  the  Analysis  of  Fertilizer  Materials,  Chas.  S.  Williamson,  Jr.  Jourml 
Reviews,  B.  P.  Caldwell  and  H.  W.  Moseley. 

Cleveland  Section to 

Smoke  Problem  in  Modem  Industrial  Communities,  R.  C.  Benner.  By- 
products—Coke,  Caleb  Davies,  Jr. 

St.  Louis  Section to 
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How  the  United  States  Phannacopoeia  is  Revised,  H.  M.  Whelpley.  Poi- 
sons, C.  M.  Riley. 

Puget  Sound  Section 63 

The  Use  of  Coal  as  a  Pud,  Darrah  Corbett.  Coal  Production  in  Washing- 
ton, Its  Importance  as  an  Industry,  and  Problems  Involved  in  Marketing 
the  Product,  Jas.  Bagley. 

Northeastern  Section 6a 

Industrial  Resources  and  Opportunities  of  the  South,  A.  D.  Little.  Dry- 
ing of  Agricultural  Products,  C.  L.  Alsberg. 

Maine  Section 62 

Recent  Progress  in  Synthetic  Dyestuffs,  W.  N.  Watson.  A  City's  MUk 
Supply,  H.  F.  Ryder.  Coal  Specifications,  Sampling  and  Analysis,  Perry 
Barker.    Sodium  Silicate  in  the  Paper  Mill,  J.  N.  Stephenson. 

Iowa  Section 63 

A  Comparison  of  the  Standards  of  Acidimetry  and  Alkalimetry,  W.  S. 
Hendrixson.  The  AnstonStone  from  Kivetdn  Park,  England,  Nicholas 
Knight.  An  Important  Building  Stone  from  the  Vosges  Mountains,  Nicholas 
Knight.  Studies  on  Barium  Sulfate,  P.  L.  Blumenthal  and  S.  C.  Guernsey. 
A  Comparison  of  Some  Kjeldahl  Methods  for  Nitrogen  Determination, 
P.  L.  Blumenthal  and  G.  P.  Plaisance.  A  Copper  Amalgam  Standard 
Cell,  J.  N.  Pearce  and  Dieu  Ung  Huong.  Some  Derivatives' of  4-Nitro-5- 
Methyl-2-Sulfobenzoic  Acid,  W.  J.  Karslake  and  P.  A.  Bond.  The  Deter- 
mination of  Amino  Nitrogen,  E.  W.  Rockwood  and  Karl  Kullmann.  Vis- 
cosity of  Starch  Solutions  and  a  Constant  Head  Viscosimeter,  H.  F.  Bauer. 

North  Carolina  Section 63 

Physical  Chemistry,  W.  Lash  Miller. 

Milwaukee  Section 63 

Some  Chemical  Problems  of  the  Forest  Products  Laboratory,  F.  W.  Kress- 
man.  The  Chemists's  Relation  to  Manufacturing  Industries,  Harry  Mc- 
Cormack.     Graphite,  W.  W.  Acheson. 

Kansas  City  Section 63 

The  Radioactive  Metals,  H.  P.  Cady.  Baking  Powders,  Rudolph  Hirsch. 
Methods  Used  by  the  Customs  Service  for  Lead  and  Zinc  in  Ores,  C.  S. 
Curtis.    A  Practical  Talk  on  the  Products  of  Com,  Wm.  P.  Cutler. 

Oregon  Section 64 

The  Manufacttu^  and  Testing  of  Oil  Gas,  W.  M.  Berry.  Teaching  Chem- 
istry, Norman  C.  Thome. 

Lehigh  Valley  Section 64 

Cement  Industry  as  a  Source  of  Fertilizer  Material,  Frank  K.  Cameron. 

Washington  Section 64 

Vitamines  and  Beri-beri,  R.  R.  Williams. 

Wisconsin  Section 64 

Recent  Developments  in  Nutrition  Study,  E.  V.  McCollum. 

NewHaven  Section .' 64 

The  Manufacture  and  Uses  of  Carbon-Bisulfide,  with  Special  Reference 
to  the  Artificial  Silk  Industry,  Edward  R.  Taylor. 

Nashville  Section 64 

Hydrogen  Sulfide  Generators,  J.  I.  D.  Hinds.  Salvarsanized  Serum  in  the 
Treatment  of  Locomotor  Ataxia,  Wm.  Litterer. 

University  of  Michigan  Section 64 

Practical  Substitutes  for  Platinum,  with  Especial  Reference  to  the  Use  of 
Tungsten  and  Molybdenum,  F.  A.  Fahrenwald. 
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University  of  Missouri  Section i| 

The  Occurrence  of  Helium  in  Natural  Gas,  H.  P.  Cady. 

Alabama  Section 55 

The  Effect  of  Lock  17  on  the  Water  Supply  of  Tuscaloosa,  Jack  P.  Mont- 
gomery. 

Northern  Intermountain  Section 65 

The  Effect  of  the  War  on  the  American  Chemical  Industry,  J  Kostal^ 
The  Wet  Assay  of  Copper.  Elton  Pulmer. 

Southern  California  Section 6s 

Nitrogen  from  the  Standpoint  of  Plant  Nutrition,  W.  P.  Kelley. 

Pittsburgh  Section ^ 

The  Use  of  Barium  Compounds  in  Glass.  Alexander  Silverman.     The  De- 
termination of  Vapor  Pressures  of  Gases  at  Lot  Temperatures,  G.  A  Burrefl. 
Van't  Hoff  Fund tis 

July. 

Council 67 

Members  elected  between  May  15th  and  June  15th 61 

Meetings  of  the  Sections: 

•        University  of  Missotui  Section 61 

A  New  Indicator  of  the  Azo  Type,  Benjamin  E-  Sive. 

Philadelphia  Section 61 

Photography  in  Natural  Colors,  Henry  Leffmann. 

Milwaukee  Section 69 

New  York  Section 6j 

The  Cracking  of  Petroleums,  Benjamine  T.  Brooks.  A  Convenient  Fonn 
of  Receiver  for  Fractional  Distillation  under  Diminished  Pressure,  Man- 
ton  T.  Bogert.  The  Synthesis  of  the  Cymene  Carboxylic  Acids,  J.  R.  Tuttk 
and  Marston  T.  Bogert.  Studies  on  Amylases  VIII-XII.  H.  C.  Sherman. 
M.  D.  Schlesinger,  A.  W.  Thomas.  A.  P.  Tanberg  and  P.  W.  Punnett 
Nephelometry  (Protometric  Analysis)  i .  History  of  Method  and  Demon- 
stration of  Instruments,  Philip  A.  Kober.  On  the  Rate  of  Evaporatkn 
of  Ether  from  Oils  and  Its  Application  in  Oil-Ether  Anesthesia.  Charles 
Baskerville. 

Pittsburgh  Section H 

Portland  Cement:  Its  Composition,  Properties,  and  Its  Relation  to  Other 
Hydraulic  Cements,  P.  H.  Bates. 

Cornell  Section ^ 

The  Fractional  Electrolysis  of  Solutions  of  the  Rare  Earths,  P.  A.  van  der 
Meulen.  The  Determination  of  Minute  Amounts  of  Arsenic,  F  R- 
Georgia.  Binary  Systems:  Ammonia,  Sodium  Chloride;  Ammonia. 
Sodium  Bromide;  Ammonia,  Sodium  Iodide,  I.  E.  Lee. 

Southern  California  Section J® 

Service  of  the  Technical  Man  to  tlie  Community,  Wm.  MulhoUand  and 
James  A.  B.  Schercr. 

University  of  Michigan  Section <• 

The  Use  of  Periodates  in  Quantitative  Analysis,  L.  H.  Grcathouso.  The 
Carbonization  of  Steel  by  Means  of  Gas,  H.  T.  Hood. 

Detroit  Section <• 

Nashville  Section : 3* 

South  Carolina  Section 5* 

Determination  of  Lint  in  Cottonseed  Meal,  R.  N.  Brackett.     The  Posi- 


XV 

tion  of  the  Chemist  in  the  Industries,  E.  P.  Venner.  Determination  of 
Crude  Fiber,  R,  M.  Simpson.  Knzymes,  Boy  den  Nims.  Determination  of 
Sulfur  in  Pyrites  Ore,  C.  W.  Rice.  Adulteration  of  Drugs,  A.  C.  Doyle. 
The  Specific  Heat  of  the  Elements,  J.  E.  Mills.  Disinfectants,  F.  A. 
Coward  On  Some  Pressure — ^Volume — Temperature  Relations,  J.  E. 
Mills. 

Western  New  York  S<.*ction 70 

A  New  Conception  of  tbe  Physical  Basis  of  Life,  G.  H.  A.  Clowes. 

August* 

Oouncil 71 

l^embers  elected  between  Jime  15th  and  July  15th 71 

Kieetings  of  the  Sections: 

Oregon  Section 71 

Electrolytic  Process  for  the  Manufacture  of  Oxygen  and  Hydrogen,  Wal- 
ter P.  Shuck. 

Chicago  Section 71 

Some  Notes  on  Permutit,  D.  K.  French.  Some  of  the  Ductless  Glands 
during  Intra-Uterine  Life,  Frederick  Fenger.  Crude  Fiber  in  Prepared 
Mustard,  C.  L.  Munroe.  Oil  Fires  in  the  Texas  and  Oklahoma  Districts, 
G.  B.  James. 

Alabama  Section 72 

The  Effects  of  Lake  Bankhead  on  the  Water  Supply  of  Tuscaloosa,  Ala- 
bama, Jack  P.  Montgomery. 

Eastern  New  York  Section 72 

The  Electron  Conception  of  Valence,  J.  M.  Nelson. 

St.  Louis  Section 72 

Pittsburgh  Section 72 

Portland  Cement:  Its  Composition,  Properties,  and  Its  Relation  to  Other 
Hydraulic  Cements,  P.  H.  Bates. 
Deceased  Members 72 

September. 

Council 73 

Naval  Advisory  Board  Appointment 73 

Members  elected  between  July  15th  and  August  15th 74 

Deceased  Members 74 

October. 

General  Meeting 75 

Chemical  Industry,  Leo.  H.  Baekeland.  Industrial  Resources  and  Op- 
portunities of  the  Pacific  Northwest,  H.  K.  Benson 

Part  T.     CofUinuation  of  Symposium  First  Presented  at  New  Orleans  on  the  Chemist's 

Contributions  to  Industry. 

The  Contributions  of  the  Chemist  to  the  Naval  Stores  Industry,  John  E. 
Teeple.  Contributions  of  the  Chemist  to  the  Iron  and  Steel  Industry, 
George  W.  Sargent.  Contributions  of  the  Chemist  to  the  Iron  and  Steel 
Industry,  A.  S.  Cushman.  Contributions  of  the  Chemist  to  the  Art  of 
Soap  Making,  M.  H.  Ittner.  Contributions  of  the  Chemist  to  the  Per- 
fumery Industry,  E.  T.  Beiser.  Contributions  of  the  Chemist  to  the  Lead 
Industry,  G.  W.  Thompson.  Contributions  of  the  Chemist  to  the  Paint 
and  Varnish  Industry,  Maximilian  Toch.     Contributions  of  the  Chemist 
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to  the  Photographic  Industry,  Francis  C.  Frary.  Contributions  of  tis 
Chemist  to  the  Pharmaceutical  Products  Industry,  Prank  R.  Eldred.  Cob- 
tributions  of  the  Chemist  to  the  Hardwood  Distillation  Industry.  S.  W. 
Katzenstein.  Contributions  of  the  Chemist  to  the  Packing  House  Prodnrta 
Industry,  Arthur  Lowenstein.  Contributions  of  the  Chemist  to  the  £kc> 
trochemical  Industry,  W.  S.  Landis. 

Part  II.    Symposium  on  the  Chemistry  of  Wood  DisHUaHcm, 

Chemical  Engineering  of  the  Hardwood  Distillation  Industry,  James  R. 
Withrow.  What  Chemistry  Has  Done  to  Aid  the  Utilization  of  Wood, 
S.  P.  Acree.  The  Study  of  the  Tannin  Content  of  Douglas  Pir  and  Western 
Spruce  Sawmill  Waste,  H.  K.  Benson  and  Thomas  G.  Thompson.  Ykld 
of  By-Products  from  the  Destructive  Distillation  of  Some  Western  Conifen, 
H.  K.  Benson  and  Marc  Darrin.  The  Extraction  of  Resinous  Wood  by 
Ammonia,  H.  K.  Benson  and  Newton  Crites.  Discoloration  of  Maple 
in  the  Kiln,  Roy  C.  Judd.  Waste  Pine  Wood  Utilization,  John  E.  Teepk. 
The  Chemical  Composition  of  the  Light  Oil  from  the  Destructive  Distilla- 
tion of  Resinous  Woods,  R.  E.  Rose  and  A.  G.  Bissell.  Manufacture  of 
Ethyl  Alcohol  from  Wood  Waste.  II.  The  Hydrolysis  of  White  Spnxc, 
F.  W.  Kressmann.  The  Application  of  the  Davis  Spot  Test  in  the  Pre- 
liminary Examination  of  Creosotes,  Homor  Cloukey.  Isoprene  from  Beta- 
pinene,  A.  W.  Schorger  and  Ralph  Sayre.  The  Distillation  of  Douglas 
Pir  at  High  Temperatumes,  Bailey  Tremper.  The  Manufacture  of  Ethyl 
Alcohol  from  Wood  Waste.  III.  Western  Larch  as  a  Possible  Raw  Material, 
F.  W.  Kressmann.  The  Production  of  Acetone  from  Pyroligneous  Add, 
Marc  Darrin. 

Additional  Papers  Read  at  General  Meeting. 

The  Relation  of  Water  Power  to  Chemical  Industry,  Henry  J.  Pierce.  The 
Seattle  Water  Supply.  John  Weinzirl.  The  Composition  and  Properties  of 
Activated  Sludge,  Edward  Bartow  and  W.  D.  Hatfield.  Cooperation  in 
Matters  Chemical,  Charles  H.  Herty. 

Council  Meetings 7* 

Council Sj 

Meetings  of  the  Sections: 

Southern  California  Section tf 

A  New  Electrical  Method  of  Sewage  Disposal,  John  C.  OhtsL    Fleming 
Dust  Collecting  System,  W.  C.  Hanna. 

Pittsburgh  Section K 

Some  Aspects  of  the  Optical  Glass  Industry;  Present  Condition  of  the 
Industry,  and  Some  of  the  Manufacttuing  Problems,  C.  C.  Rand. 

Chicago  Section • 

The  Evolution  of  Zion  Laces  and  Lace  Curtains  from  the  Cotton  in  the 
Field  to  the  Finished  Product,  C.  D.  Heller. 

Detroit  Section • 

Disinfection  of  Public  Water  Supplies,  C.  A.  Jennings. 
Deceased  Members • 

November. 

Council ^ 

Members  elected  between  September  15  and  October  15,  1915 ^ 

Meetings  of  the  Sections: 

Rhode  Island  Section ^ 


XVII 

Indiana  Section ; 88 

Color  in  Precious  Stones,  P.  B.  Wade. 
Nashville  Section 88 

The  Bureaus  of  Mines  and  Standards,  Paul  C.  Bowers. 
Pittsburgh  Section 88 

Electric  Furnaces  for  High  Temperature  Industrial  Chemical  Work,  F.  T. 

Snyder 

St.  Ix>uis  Section 89 

The  Industrial  Utilization  of  Peat,  H.  E.  Wiedemann. 

Apparatus  for  the  Determination  of  the  Degree  of  Fineness  of  Paint  Pig- 
ments, E.  J.  Shepard. 
Oregon  Section 89 

The  Operation  of  a  Modem  Soap  Plant,  J.  R.  Cornog. 
Connecticut  Valley  Section 89 

The  New  York  Exposition  of  Chemical  Industries,-  Mr.  Hoover.     The 

American  Cotton  Industry  as  seen  by  the  Industrial  Chemist,  Frederick 

Dannerth. 
Cleveland  Section.  .* 89 

The  Use  of  the  Flaming  Arc  in  Paint  and  Dye  Testing,  William  Roy  Mott. 
University  of  Missouri  Section 89 

Commercial  Fertilizers  in  Missouri — ^the  Method  of  Legal  Control  and  How 

the  Industry  is  Affected  by  Present  War  Conditions,  P.  F.  Trowbridge. 
Cincinnati  Section 89 

Old  Chemical  Symbols,  C.  P.  T.  Fennel. 
California  Section. . : 89 

Experiences  of  a  Chemist  in  the  Philippines,  S.  A.  Weirman. 
New  York  Section 89 

Chemical  Industry,  L.  H.  Baekeland.     The  Tariff  Question,  Howard  H. 

Gross.    Some  American  Contributions  to  the  Chemical  Indhstries,  S.  P. 

Sadtler.    The  Status  of  the  Chemical  Industries  in  the  United  States  at 

the  End  of  1915,  I.  F.  Stone.    The  Barium  Industry  in  the  United  States 

since  the  Etu-opean  War,  Maximilian  Toch. 
Puget  Sound  Section 90 

The  Physics  of  the  Clay  Molecule,  R.  T.  MacMichael. 
Chicago  Section 90 

The  Purification  of  Sewage  by  Aeration  in  the  Presence  of  Activated  Sludge, 

Edward  Bartow. 
Rochester  Section 90 

Paige  Bill,  Bemhard  C.  Hesse.    Glycerine,  Lincoln  Burrows, 
d  Members 90 

December. 

Council 91 

Members  elected  between  October  15  and  November  15,  1915 91 

Meetings  of  the  Sections: 

Pittsbtu-gh  Section 93 

Electric  Furnaces  for  High  Temperature  Industrial  Chemical  Work,  F.  T. 
Snyder. 

Northeastern  Section 92 

Fixation  of  Atmospheric  Nitrogen,  John  E.  Bucher. 

Minnesota  Section. 93 

Graduate  Work  in  Chemistry,  R.  W.  Thatcher. 
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University  of  Missouri  Section .* n 

Units  of  Reference  for  Basic  Metabolism,  C.  R.  Moulton. 
New  York  Section 9} 

University  and  Industry,  Nicholas  Murray  Butler,  M.  C.  Whitaker,  W.  J. 

Gies,  Charles  E.  Lucke.     The  Sjrnthesis  of  Certain  Substituted  Synagk 

Adds,  Edward  Plant  and  M.  T.  Bogert. 
University  of  Illinois  Section 93 

Determination  of  the  Atomic  Weight  of  Yttrium,  C.  W.  Balke  and  B.  & 

Hopkins. 
University  of  Michigan  Section 93 

The  Derivatives  of  Perceric  Oxide,  C.  C.  Meloche. 
Philadelphia  Section / 93 

The  Development  of  a  D3mamic  Theory  of  Soil  Fertility,  Prank  K. 

Cameron.    The  Turpentine  Industry  in  the  Southern  States,  Charies  H. 

Herty. 
Kansas  City  Section 94 

The  Hydrogenation  of  Oils,  L.  E.  Sajnie.    Wheat  and  Flour  Testing,  A. 

W.  Estabrook. 
Nebraska  Section 94 

Recent  Research  in  the  Department  of  Chemistry  at  the  University  of 

Nebraska.     Organic,  Mary  L.  Fossler;  Inorganic,  Benton  Daks. 
Louisiana  Section 94 

Formations  in  Yellowstone  Park,  Philip  Asher. 
Wisconsin  Section 94 

Studies  in  the  Measurement  of  the  Conductivity  of  Electrolytes,  W.  A. 

Taylor.     Examination  of  Woods,  A.  W.  Schorger. 
Connecticut  Valley  Section 94 

The  Manufacture  of  Rubber  Covered  Insulated  Wire,  Maxwell  M.  Kahn. 

Need  of  and  Methods  of  Stimulating  Increased  Employment  of  Chemistry 

in  Manufacturing  Industries,  R.  J.  Marsh. 
New  Haven  Section 94 

Patent  Medicines,  John  P.  Street 
Cleveland  Section 94 

The  Flotation  Process  of  Ore  Concentration,  C.  H.  Fulton. 
Rochester  Section 94 

National  Self  Containedness  in  Chemical  Industry,  Charles  H.  Herty. 

The  Chemistry  of  Dyes,  H.  T.  Clarke. 
Oregon  Section 95 

Garbage  Disposal,  N.  F.  Titus. 
Maryland  Section 9$ 

The  Distillation  of  Essential  Oils  from  Antiquity  to  Modem  Days,  Gea 

L.  Ringel. 
Rhode  Island  Section 9$ 

Some  Problems  of  the  Chemical  Industry  during  the  Past  Year,  Leonani 

W.  Cronkhite. 
Nashville  Section 95 

Tashiro's  Method  of  Carbon  Dioxide  Determination,  E.  E.  Reinke. 

Indiana  Section 9$ 

^        Calculation  of  the  Alkalinity  of  Intestinal  Juice,  C.  E.  May.     Experiments 

in  Antimony  and  Tin  Plating,  F.  E.  Mathers.     Some  Problems  in  the 

Amalgamation  of  Precious  Metals,  R.  E.  Lyons. 
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Milwaukee  Section 95 

A  Fundamental  Principle  of  Chemistry  White  Has  Been  Much  Neglected, 
Louis  Kahlenberg. 

St.  Louis  Section 95 

Organization  and  Research  Work  Being  Carried  on  by  the  Bureau  of 
Chemistry,  U.  S.  Department  of  Agriculture,  Carl  L.  Alsberg.  The 
Biological  Significance  of  Creatin  and  Creatinin,  A.  P.  Shafer. 

Cincinnati  Section 96 

Some  Recent  Developments  in  Nitrogen  Filtration,  A.  W.  Davison. 

Detroit  Section 96 

The  Solid  and  Enduring  Satisfactions  of  Life,  Stanley  Coulter.  Some 
Practical  Applications  of  our  Knowledge  of  Immunity,  Severance  Burrage. 

California  Section 96 

Cast  Iron  as  Applied  to  Chetnical  Industry,  Edward  J.  Fowler. 

Chicago  Section 96 

Rubber  and  Methods  of  Its  Manufacttu-e,  C.  E.  Bradley. 

Ames  Section 9^ 

Deceased  Members 9^ 


Issued  with  the  January  Number,  1915. 


Proceedings. 


GENERAL  SOCIETY  MINUTES  AND  REPORTS. 

On  November  ist,  a  nominating  ballot  was  sent  to  all  members  of  the 
Society  as  required  by  the  Constitution,  the  following  being  the  nominees 
of  the  membership  sent  to  the  Council  for  election : 

President:  C.  H.  Herty,  Wm.  Brady,  Louis  Kahlenberg  and  L.  H. 
Baekeland. 

Councilors-at-Large:  E.  C.  Franklin,  G.  B.  Frankforter,  F.  K.  Cam- 
eron, L.  W.  Jones,  A.  L.  Day,  C.  L.  Alsberg,  David  Wesson,  G.  A.  Hulett. 

The  ballot  was  coimted  by  a  committee  consisting  of  C.  L.  Parsons, 
W.  D.  Bigelow  and  S.  C.  Brinton,  assisted  by  seven  other  members 
of  the  Society. 

The  result  of  the  election  by  the  Council  will  be  found  in  iht  Council 
minutes. 

Report  of  the  Secretary  of  the  American  Chemical  Society  for  the 

Tear  1914. 

The  growth  of  the  American  Chemical  Society  during  the  year  1914. 

has  increased  slightly  over  that  of  19 13.     The  Society  has  made  a  net 

gain  of  497  members  during  the  year.    The  membership  of  the  Society 

at  the  end  of  1913  was  6673.     It  is  now  7170.    Statistics  follow: 

Honorary  members 14 

Life  members 13 

Corporation  members 65 

Members 7 ,080 

Total 7,170 

During  the  year  the  deaths  of  the  following  members  were  reported' 
to  the  Secretary:  Ethel  E.  Barnard,  Chicago,  111.;  D.  W.  Chapman, 
Chicago,  111.;  G.  F.  Chatfield,  Lawrenceville,  111.;  A.  C.  Claudet,  London, 
Eng.;  H.  D.  Crumley,  Boston,  Mass.;  W.  L.  Dudley,  Nashville,  Tenn.; 
Robert  K.  Duncan,  Pittsburgh,  Pa.;  Arthiu*  Edgar,  W^it^haven,  Pa,; 
Herman  Frasch,  New  York  City;  M.  S.  Fremont,  Astabula,.  O.;  Louis 
D.  Gilbert,  Santa  Rosa,  Calif. ;  Thos.  J.  Hunsicker,  Lebanon,  Pa. ;  W.  K. 
Jewett,  Lincoln,  Nebr.;  Eugene  McSweeney,  Saginaw,  Mich.;  Johnson' 
Newkirk,  Ridley  Park,  Pa.^  Russell  Penniman,  Berkeley,  Calif.;  E.  H. 
Rankin,  Bayonne,  N.  J.;  Andrew  Robertson;  C.  H.  Senff  (Life  Member),. 
Whitestone,  N.  Y.;  J.  S.  StillweU,  West  Orange,  N.  J.;  J.  ,C,  H.  Stut, 
Oakland,  Calif.;  B.  F.  Thomas,  Chattanooga,  Tenn.;  A.  P.  Trautwein, 
Carbondale,  Pa. ;  H.  F.  Walker,  Lewiston,  Pa. 

The  number  of  members  not  in  arrears  registered  in  the  Local  Sections 
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on  December  i,  1913  was  5,069;  the  number  on  December  i,  1914  was 

5,414.    The  number  in  each  Section  for  1913  and  1914  is  noted  below: 

Niinbcr«f      Kumbir  •!    CMh  retefaied  Totel  Dr 

MM  mem*        Mid  fttem-    from  balance,  aooooat, 

Local  Mctloa.  hv,  1913.        ben,  1914.  1913.  1914. 

Alabama 31  33  13-85  13.85 

California 174  179  . . .  165.00 

Chicago 437  486  ...  327.75 

Cincinnati loa  115  64.64  127.50 

Cleveland 166  166  43 .  87  166.00 

Columbus 47  69  14.80  70.50 

Connecticut  VaOer 62  68      ,  ...  75.00 

Cornell 5a  4a  15.60  ^.60 

Detroit 64  71  ...  80.00 

Eastern  New  York 63  58  33  78  58.78 

Georgia 59  57  ...  67.99 

Indiana 100  loi  ...  123 .75 

Iowa...; 33  54  9.50  59-50 

Kansas  City 80  80  4.75  100.00 

Lehigh  Valley 59  64  30.73  20.72 

Lexington 35  31  13.13  13.12 

Louisiana 35  31  i.oo  52.50 

LouisviOe. . .- 18  15 

Maine 4%  47  ...  25.00 

Maryland 78 

Milwaukee 52  63  ...  75  00 

Minnesota 83  83  39-34  39-34 

Nashville 31  3X  10.08  35.08 

Nebraska 39  37  53.40  50.00 

New  Haven 58  57  ...  75.00 

New  York 1,006  if057  33.36  323.26 

North  Carolina 38  36  19.85  69.85 

Northeastern 478  507  x  .50  251 .50 

Northem-Intemiountaln 16  30 

Oregon 39  38  15*45  50.00 

Philadelphia 397  307  37 .  19  332 .75 

Plttsbonih 330  358  8.34  172.50 

PiigetSoimd 45  44  •••  SO-oo 

Rhode  Island 57  65  10.59  60.59 

Rochester 38  31  ...  50.00 

St  Louis 83  91  •••  103.75 

Southern  California 84  97  ...  100.00 

South  Carolina 38  35  ...  35.00 

Syracuse 77  95  34.90  96.25 

IJniversity  of  Uiaois 88  109  i  .75  xoi  .75 

tJniversity  of  Mkhlgan 35  38  33-66  33.66 

University  of  Missouri 18  15  5 .66  30.66 

Washington,  D.  C 365  327  •  273.75 

Western  New  York 91  104  ...  ii3-75 

Wisconsin 84  86  33.30  32.30 

5*069  5.419  $521.80  $4,248.30 


1913. 

1914. 

$63, 158.00 

165,953.00 

4,998.oo 

5.761.59 

2.417.95 

2,514.07 

951.09 

1,054.13 

6S1.85 

930.  xo 

19.79 

19  44 

399.21 

373.64 

200.00 

200.00 

The  table  gives  a  summary  of  the  sectional  accounts  for  the  year,  shows 
the  number  of  members  in  each  Section  for  the  present  year  and  during 

1913,  the  funds  held  over  from  1913  account,  and  the  total  funds  (which 
include  the  balances)  charged  to  the  19 14  account. 

During  the  past  two  fiscal  years,  December  i,  1912,  to  December  i, 

1914,  the  Secretary  has  made  collections  to  the  amount  of  $71,625.89,  in 
1913  and  76,805.97  in  1914  as  follows: 

Membership  dues $62 ,  158 .00 

Subscriptions 

Back  numbers 

Postage 

Reprints 

Cxchanse 

Interest 

Life  membership 

$71,825.89        $76. 805. 97 

These  amounts  were  duly  transmitted  to  the  Treasurer  of  the  Society^ 

The  sale  of  back  numbers  during  the  past  y^ar  has  again  increased 
although  it  was  expected  that  they  would  diminish.  This  is  due  to  thc^ 
fact  that  efforts  have  been  made  to  induce  Ubraries  to  purchase  com- 
plete sets,  and  owing  to  the  fact  that  the  subscription  list  is  continually 
enlarging,  and  ptu'chasers  desire  early  numbers  as  well. 

Several  complete  sets  have  been  sold  to  foreign  and  domestic  libraries 
and  several  incomplete  sets  have  been  completed  by  the  purchase  of  odd 
volumes  where  they  could  not  be  furnished  from  stock.  The  stock  has 
been  kept  in  good  condition  by  the  purchase  of  numbers  needed  to  com- 
plete fuU  volumes  and  by  reprinting  three  small  numbers  issued  in  the  early 
years  of  the  Society.    A  few  complete  sets  are  still  available  for  sale. 

Back  numbers  are  mailed  direct  from  Easton,  Pennsylvania,  on  orders 
sent  out  through  the  Secretary's  Office.  The  following  is  a  summary  of 
the  back  numbers  sent  out  by  the  Secretary  during  the  year,  together 
with  the  present  stock  of  Jotunals  and  the  condition  of  the  Society's 
mailing  lists: 

Copies  of  the  Society's  publications  sent  out  from  December  i, 

1913,  to  December  i,  1914,  aside  from  mailing  lists 27,921 

Copies  of  the  Jour.  Amer,  Chem.  Soc.  in  stock 28,443 

Copies  of  the  Chemical  Abstracts  in  stock 23 ,986 

Copies  of  the  Jour.  Ind.  6f  Eng.  Chem.  in  stock 7 » 173 

Copies  of  the  General  Index,  Vols.  1-20,  J.  A.  C.  S.m  stock 448 

Copies  of  the  Anniversary  Number  in  stock 277 

Mailing  list  for  both  Journals  and  Chemical  Abstracts 6,543 

Mailing  list  for  Chemical  Abstracts  only 194 

Mailing  list  for  Jour.  Amer.  Chem.  Soc.  only 393 

Mailing  list  for  Jour.  Ind.  €f  Eng.  Chem.  only 407 
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The  Secretary  wishes  to  express  to  the  members  of  the  Society  his  ap- 
preciation for  their  continued  assistance  and  loyal  support  of  his  efforts  to 
administer  the  duties  of  his  office.  Without  this  aid  little  could  ha^•e  beta 
accomplished.     Respectfully  submitted, 

Charles  L.  Parsons,  Secretary, 

Report  of  the  Editor  of  the  Journal  of  the  American  Chemical  Sode^ 

for  the  Year  1914. 

During  the  years  1913  and  19 14  papers  and  book  reviews  have  been 
pubhshed  as  follows : 

Pages.  Nitmber  of  papcn. 

1913.  1914.  1913.  1914. 

Proceedings 114  112             

Physical  and  Inorganic 1029  .1 154  107  1 15 

Organic  and  Biological 818  1320  xii  136 

Book  Reviews 75  80  85              93 

During  the  past  year  eleven  papers  have  been  referred  to  the  Editor 
of  the  Journal  of  Indtistrial  and  Engineering  Chemistry  as  more  suitabk 
for  publication  in  that  Journal  than  in  the  Journal  of  the  American  Ckemkd 
Society,  I^orty-four  papers  have  been  retiuned  to  the  authors  for  re- 
vision, or  because  they  were  not  considered  suitable  for  pubhcatiofL 
Twenty-three  papers  have  been  published  after  revisions  made  at  the 
suggestion  of  the  Board  of  Editors. 

Beginning  with  January  of  19 14  the  American  Chemical  Journal  has  been 
incorporated  with  the  Journal  of  the  American  Chemical  Society  as  a  single 
publication.  The  number  of  pages  published  in  the  combined  jounial 
dtuing  the  year  is  about  33%  greater  than  the  number  of  pages  publisfarf 
during  19 13.  W.  A.  Noybs,  Editor, 

Report  of  the  Editor  of  Chemical  Abstracts  for  1914. 

The  year  that  has  just  closed  has  been  an  eventful  one  for  Chemkal 
Abstracts  in  that  The  European  War  came  upon  us  about  the  middle  d 
this  period.  At  first  we  thought  its  effect  would  be  slight  and  that  it 
would  not  seriously  affect  the  bulk  of  chemical  literature  or  the  vdumecf 
abstracts,  but  such  has  not  been  the  case.  From  January  to  September 
the  issues  of  C.  A.  were  unusually  large,  but  subsequent  to  the  intff- 
ruption  of  international  trade  relations  the  number  of  abstracts  received 
has  been  comparatively  small.  This  latter  condition  accounts  for  the  fad 
that  the  number  of  abstracts  printed  in  1914  is  slightly  less  than  for  1913- 

Among  the  changes  in  personnel  of  the  editorial  staff  is  the  resignation 
of  Dr.  Patterson  from  the  editorship  of  Chemical  Abstracts.  In  his  r^ 
tirement,  which  was  solely  because,  of  ill  health,  the  Society  lost  a  verr 
loyal  and  efficient  editor  and  one  to  whom  it  will  always  owe  a  debt  d 
gratitude  for  the  sound  judgment  which  he  exercised  in  moulding  the  polkr 
of  Chemical  Abstracts. 


other  editorial  changes  consist  in  the  installation  of  Drs.  M.  X.  Sul- 
livan and  R.  T.  Stokes  as  Heads,  respectively,  of  the  Departments  of  Soils 
and  Fertilizers  and  Rubber  and  Allied  Products.  For  the  long  and  faith- 
ful services  of  Drs.  F.  P.  Veitch  and  D.  Spence  as  Editors  of  these  de- 
partments the  Society  is  greatly  indebted. 

It  may  be  well  to  call  attention  to  the  fact  that  the  List  of  Periodicals 
abstracted  by  Chemical  Abstracts  was  printed  in  the  September  loth 
issue.  Whereas  in  1913  the  journals  abstracted  numbered  623,  this  year 
654  have  been  covered  completely.  We  hope  that  it  will  not  be  necessary 
to  increase  this  number  for  several  years  to  come  and  trust  that  such  will 
be  the  case,  because  there  are  probably  no  chemical  journals  of  consequence 
in  the  entire  world  which  are  not  now  upon  our  List. 

Below  is  a  table  showing  the  average  length  of  the  abstracts  (both  patent 
and  otherwise)  for  19 14  in  comparison  with  the  figures  for  previous  years. 

Pages  (blanka 
Year.  omitted). 

1907 2584.4 

1908 2928.5 

1909 2565.3 

1910 2894.9 

1911 3260.3 

1912 2888.6 

1913 3292.5 

1914 2966.8 

It  is  evident  from  the  above  data  that  the  standard  length  set  for  19 12 
(0.183  page)  and  1913  (0.173  page)  has  been  approximately  maintained. 
In  explanation  we  should  say  however,  that  it  was  necessary  to  make  the 
abstracts  so  brief  in  order  to  avoid  overrunning  our  Budget  allowance. 
It  is  oiu'  hope  during  1915  to  be  able  to  expand  the  abstracts  somewhat 
and  to  allow  the  abstractors  more  freedom  of  expression.  The  average 
length  of  the  patent  abstracts  has  been  almost  identical  with  that  of  19 13, 
but  the  number  of  such  abstracts  has  increased  somewhat  because  during 
1 914,  for  the  first  time  in  the  history  of  our  jotunal,  aU  of  the  patent 
literature  of  the  world  has  been  abstracted. 

The  summary  by  departments  is  as  follows: 


No.  of 
abstracts. 

Length  of 
abstracts. 

Pages 
patents. 

No.  of 
patents. 

I«ength  of 
patents. 

7,975 

0.324 

462.0 

not 

•    ■    • 

10,835 

0.270 

355.3 

ctd. 

•     •     a 

11,455 

0.224 

365.8 

3806 

0.096 

I3i006 

0.223 

387.0 

3754 

0.103 

15,892 

0.205 

542.8 

5014 

0.108 

15 .  740 

0.183 

537.5 

6919 

0.077 

19,025 

0.173 

576.4 

6946 

0.083 

16,468 

0.180 

661.4 

7920 

0.084 

Apparatus 

General  and  Physical  Chemistry 

Radioactivity 

Electrochemistry 

Photography 

Inorganic  Chemistry 

Analytical  Chemistry 

Mineralogical  and  Geological  Chemistry. 

Metallurgy  and  Metallography 

Organic  Chemistry 


No.  pages. 

No.  abstracts. 

38.8 

333 

305.0 

1658 

66.6 

324 

66.5 

425 

"5 

81 

87.4 

366 

75.5 

370 

73.2 

575 

89.2 

699 

683.9 

1510 

N0.fMCM. 

No.rib«a 

706.8 

4692 

80.1 

506 

54.1 

516 

72.2 

555 

56.2 

24S 

99.7 

714 

17.1 

17a 

53.3 

395 

32.9 

2x2 

51.9 

4x3 

32.4 

217 

25.8 

194 

3a. 3 

177 

36.3 

204 

40.6 

263 

29.4 

207 

45.8 

284 

22.3 

158 

2,966.8 

16.468 

661.4 

7,9«> 

3,628.2 

24.3» 

243.8 

Biological  Chemistry 

Poods 

Water,  Sewage  and  Sanitation 

Soils  and  Fertilizers 

Fermented  and  Distilled  Liquors 

Pharmaceutical  Chemistry 

Adds,  Alkalies,  Salts  and  Sundries 

Glass  and  Ceramics 

Cement  and  Other  Building  Materials 

Fuels,  Gas,  Tar  and  Coke 

Petroleum,  Asphalt  and  Wood  Products 

Cellulose  and  Paper 

Explosives 

Dy^  and  Textile  Chemistry 

Pigments,  Resins,  Varnishes  and  Rubber 

Fats,  Fatty  Oils  and  Soaps 

Sugar,  StbLTch  and  Gums 

Leather  and  Glue 

Total,  not  including  jMitents 2 ,966 .8 

Patents 


Headings,  blanks,  cross  references,  book  titles. . 

3.872.0 

Respectfully  submitted, 

John  J.  Mnj,ro,  Edited. 

Report  of  flie  Editor  of  tiie  Journal  of  Industrial  and  EnginMnc 

Chemistry  for  the  Year  X9X4. 

We  have  produced  during  the  past  year  89,000  copies  of  the  Indmsirid 
Journal.  The  printing  has  been  divided  as  follows:  1066  pages  of  editoriil 
matter  equivalent  to  88V2  pages  per  month,  and  702  pages  of  advertisqi 
matter  equivalent  to  58V2  pages  per  month.  The  editorial  matter,  to* 
gether  with  a  comparison  of  this  work  in  previous  years,  may  be  saor 
marized  as  follows: 

1911. 

Pages  in  editorial  section 970 

Pages  in  advertising  section 15S 

Total  pages  printed 112S 

Editorials 30 

Original  papers 140 

Addresses 22 

Laboratory  and  Plant  articles 28 

Book  Reviews 36 

Patents 

Current  Industrial  News  items 


1912. 

1913. 

1914 

946 

1052 

1066 

4M 

604 

7W 

1440 

1656 

176S 

19 

28 

31 

160 

179 

l«7 

37 

57 

57 

55 

43 

40 

53 

52 

72 

•   • 

172 

206 

•   • 

•   •  • 

136 
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The  additional  material  for  the  1914  volume  is  made  up  of  Sdentific 
Society  reports,  notes  and  correspondence,  abstracts  £rom  Government 
reports,  personals  and  general  matter. 

The  column  on  Government  Publications  has  been  added  during  the 
last  year,  and  our  policy  has  been  endorsed  by  numerous  letters  received 
in  this  office.  We  believe  it  is  a  distinct  advantage  to  be  able  to  find  an 
up-to-date  stunmary  of  all  of  the  publications  of  the  Government  which 
might  be  of  professional  interest.    Respectfully  submitted, 

M.  C.  WmTAEER. 
Treasurer's  Report  Dec.  19x3  to  Dec.  r,  1914. 

SuBjscT  TO  Aunrr. 
Balance  on  hand,  Dec.  z,  1913 $8,314.98 

RSCSIFTS. 

1915.i  1914. 

Prom  Secretary's  office $71,825.89    $76,805.97 

From  advertising 19,901.51       25,056.06 

Fhnn  interest: 

Parmer's  Loan  &  Trust  Co 96.65            163.33 

Certificates  of  deposit 300.00           343 .21 

ist  National  Bank  of  Yonkers 24 .59            108 .  25 

From  interest  on  investments: 

Atlas  Portland  Cement  Bonds 120.00            120.00 

Other  bonds 90.00 

From  interest  on  special  funds: 

Special  investment  funds 570.00           570.00 

life  membership  fund 135 .00           145 .8a 

—  $103,403.64 

Total  receipts $92,973.64  $103,402.64 

111,7x7.62 

Disbursements 104,126.37 

Balance  on  hand,  Dec.  I,  19 14 $7t59X*35 

Loft  OF  Bonds  Purchassd,  $5000  Each  Issub  for  thb  Lo8b  Fund  and  $1000  vor 

Rboular  Fund. 
$6000.    BTOoldyn  Rapid  Transit  Co.  Six  Year  5%  Gold  Notes  due  July  x,  1918,  ex-July 

I,  1 914  coupon. 
$6000.    Northern  Pacific-Great  Northern  C  B.  &  Q.  Ccdlateral  Joint  4%  Bonds  due 

July  I,  192 1,  ex- July  i,  1914  coupon. 
$6000.    Hocking  Valley  Railway  Co.  First  Consolidated  Mtge.  4Vt%  Gold  Bonds 

due  July  i,  1999,  ex-July  i,  19x4  coupon. 
$6000.    New  York  Connecting  Railroad  Company  First  Mtge.  4Vt%  0(M  Bonds  due 

August,  1953. 
$6000.    Illinois  Central  Railroad  Co.  &  Chicago,  St.  Louis  &  New  Orleans  Railroad  Co. 

Joint  First  Refunding  Mtge.  5%  Bonds,  due  December,  1963. 

ASS8T8. 

Special  Investment  Fund: 

$3000  3Vt%  N.  Y.  City  gold  bonds,  due  19x5 $1 ,950.00 

$xo,ooo  U.  S.  Steel  Corp.  gold  bonds,  1963 10,075  -oo 

$12,025.00 

*  19x3  figures  are  given  for  comparison. 
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Atlas  Portland  Cement  Co.  bonds  6% ] 

Brooklyn  Rapid  Transit  Co.  6  year  5%  gold  notes 

Northern  Pacific-Great  Northern  C.  B.  &  Q.  4%  bonds 

Hocking  Valley  Railway  First  Consolidated  Mtge.  4Vs%  sold  bonds. . . 

N.  Y.  Connecting  Railroad  Co.  First  Mtge.  4V«%  gold  bonds. 

Illinois  Central  Railroad  Co.  &  Chicago,  St.  Louis  &  New  Orleans  Rail- 
road Co.  Joint  ist  Mtge.  Refunding  Mtge.  5%  bonds 

Life  Membership  Fund : 

$1,000,  3V2%  N.  Y.  City  gold  bonds  due  1928 895. <» 

$2,000,  6%  Mutual  Telegraph  Co.  bonds  due  1941 2 ,  128 .53 

Emigrant  Savings  Bank 628.8a 


2,04000 


5.i4*46 


$3. 652. 15 


Balance  on  hand, 


LiABiLmss. 


Life  Membership  Fund 

Excess  assets  over  liabilities, 


MORRIS  LOSB  PUND. 


Balance  from  last  year. 
Received  from  interest. 


Paid  for  bonds. 
Chemists'  Club 


Balance  on  hand. 


DISBURSBMSNTS. 


1913.1 


Journal,  Editor's  salary $1 ,000.00 


Assistance  to  Editor 

Expense 

Printing,  Editorial,  t 

Printing,  Advertisements. 

Reprints 

Reviews 


337.00 
129.09 

9.03435 

334-59 
731.03 


Abstracts,  Editor's  salary 

First  Associate  Editor 

Second  Associate  Editor 

Assistance  to  Editor 

Expense 

Abstractors 

Printing,  Editorial 22 ,381 .32 

Printing,  Advertisements 468 .33 


$xXi466.o6 

$500.00 
1,700.00 
1,200.00 

2,232.99 

628.78 

8,147.22 


^  19x3  figures  are  given  for  comparison. 


$37,258.64 


7.59ns 

$30.493>i 

638.8s 
29,864  0* 

$30.49»>' 

$25,000.00 

iiOSTSS 

$26,037  JS 
25,276.52 

700.00    $25,976.53 


$6o.|) 


1914. 

$1,000.00 
360.00 
129.86 

13,410.48 

367.89 

936.35 
34.00 


$1,062.45 

1,904x1 
933-28 

a, 520. 64 

668.96 

8,448.41 

23.573.0i 

472.70 


$I6.23«J« 


$39,5^5  99 
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Jour.  Ind.  fir  Eng.  Chem,,  Editor's  salary  ....  $i ,000.00  $1 ,000.00 

Assistant  Editor i, 337  50  i»S33-33 

Expense 952-34  954-85 

Clerical i  ,032 .00  i ,  156.00 

Reprints 1,489.42  1,221.87 

Printing,  Editorial 11,318.26  11,211.27 

Printing,  Advertisements 4 ,  704 .  10  5 ,355 .  94 

$22,433.26 

$21,833.62 

Advertising,  Commission $31635 .03  6,339.27 

Expense 513. 15  24.06 

Secretary's  Office,  Clerical $2,218.32  2,548.23 

Expense 1 1533.69  ^,748.60 

Commission 3)59i-29  3,500.00 

Treasurer's  Office,  Salary 300.00  300.00 

Expense 400.00  400.00 

General  Meetings 654.51  385 .60 

Local  Sections 3,406.31  31726.50 

Back  Numbers 689.37  830.63 

Incidentals 308 .69  353 .  17 

President's  Office 50.07 

Directory 480.32 

Bond  Investment 5 ,  184 .  46 

Committee  on  Business  Organization 232 .10  


Total  Disbursements $88,480.87  $104,126.37 


DIRECTORS'  MINUTES. 

The  Directors  met  at  the  Chemists'  Club,  New  York  City,  Saturday, 
December  5,  1914.  at  8  p.m.,  with  President  Richards  in  the  Chair  and 
Directors  Bigelow,  Bogert,  Brady,  Hallock,  Love,  Smith,  and  Parsons 
present. 

It  was  voted  that  the  Seattle  Meeting  of  the  American  Chemical  So- 
ciety be  held  August  31  to  September  3,  1915. 

It  was  voted  that  a  sum  not  exceeding  $25  be  paid  to  the  Maryland 
Section  of  the  American  Chemical  Society  to  cover  their  necessary  ex- 
X)enses  (as  provided  by  the  Constitution)  since  they  became  a  separate 
section  of  the  Society. 

It  was  voted  that  a  special  concession  in  subscription  rates  of  $3.00  per 
year  for  the  Journal  of  the  American  Chemical  Society  and  $3.00  per  year 
for  the  Journal  of  Industrial  and  Engineering  Chemistry  be  made  to  imder- 
graduate  students  in  chemistry  when  their  request  for  such  subscription 
is  accompanied  by  the  certification  of  the  professor  in  charge  of  their  work 
that  they  are  entitled  to  same.  This  concession  to  undergraduate  students 
is  made  in  the  hope  that  it  may  lead  them  to  actively  assist  in  the  work 
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of  the  American  Chemical  Society  as  members  after  gradiiatioiL  Itm 
no  way  effects  the  privileges  they  now  possess  of  becoming  meoiben  d 
the  American  Chemical  Society  when  properly  recommended. 

It  was  voted  that  Mr.  E.  J.  Crane  be  made  Acting  Editor  of  Ckmid 
Abstracts  to  fill  the  vacancy  made  by  the  resignation  of  Mr.  J.  J.  lOki. 
It  was  voted  that  the  salary  of  Mr.  E.  J.  Crane  as  Acting  Editor  be  $1800 
per  annum,  beginning  January  1,1915.  It  was  voted  that  Messrs.  J.J. 
Miller  and  E.  J.  Crane  be  allowed  to  select,  subject  to  the  approval  of  tk 
President  and  the  Secretary,  an  Associate  Editor  of  Chemical  AbstrxU, 
the  salary  of  such  Associate  Editor  not  to  exceed  $1200  if  inezperiencxi 
and  not  to  exceed  $1500  if  an  experienced  man  can  be  found. 

It  was  voted  that  the  Finance  Committee  be  authorized  to  invest  d 
bonds,  subject  to  the  approval  of  the  President,  Five  Thousand  Doflan 
{$5000)  from  the  general  funds  of  the  Society. 

It  was  voted  that  a  committee  consisting  of  Directors  Alexander  Smith, 
Chairman,  and  M.  T.  Bogert  and  E.  G.  Love  be  appointed  from  the  Di- 
rectors to  consult  with  the  Trustees  of  the  Chemists'  Club  regarding  tk 
character  and  form  of  the  Chemical  Type  Museum  to  be  founded  under 
the  bequest  of  Dr.  Morris  Loeb,  and  report  as  to  the  disposition  of  the 
funds  paid  to  the  Club  by  the  American  Chemical  Society  from  tliB 
bequest. 

It  was  voted  to  transfer  $100  from  the  Incidentals  Account  to  tk 
Secretary's  Clerical  and  Expense  Account. 

It  was  voted  that  the  Finance  Committee,  acting  with  the  cosseiit  d 
the  President,  be  authorized  to  make  temporary  loans  of  the  Gcnenl 
Funds  o£  the  Society  to  such  fiduciary  institutions  as  may  be  approved  liv 
them. 

The  Budget  for  19 15  was  then  considered  by  the  Directors  and  adopri 
as  follows: 

BUDGBT  FOR   I915. 

With  1914  Included  for  Comparisoti. 

KSTDCATBD  RBCBUTS. 

1914.  1915. 

Secretary's  Office $72,000  $76,000 

Advertisements 20,000  24,000 

Interest 1,000  1,200 

Total $93>ooo  |ioi,2oo 

BSmCATSD  WCPSNDXrOUtS.  , 

Journal  American  Chemical  Society: 

Editor's  salary • $1 ,000  $1 ,000 

£x{>enses,  including  reviews 600  600 

Printing,  including  reprints I4i400  15 ,400 

I 

Total $x6,ooo  $17,000       1 
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Walker,  Geo.  T.,  427  N.  14th  St.,  East  St.  Louis,  111. 

Werner,  Emanuel  P.,  1402  A.,  North  Eongshighway,  St.  Louis,  Ma 

Williams,  Arthur  G.,  250  Grand  River  Ave.,  East  Lansing,  Midt 

Williamson,  Erskine  D.,  Geophysical  Lab'y,  Washington,  D.  C 

Wilson,  Robert  P.,  55  N.  Valley  St.,  Akron,  Ohio, 

Yost,  Earl  E.,  639  N.  Scott  St.,  So.  Bend,  Ind. 

Young,  Kwang  P.,  714  Conklin  PI.,  Madison,  Wise. 

Young,  Yungyen,  135  University  Station,  Urbana,  111. 

Zieman,  Wm.  W.,  412  Daniel  St.,  Champaign,  HI. 


MEETINGS  OF  THE  SECTIONS. 

Pull    accounts  of  all  meetings  should  be  sent  to  Secretary  Charles  L.  Parsoos*  Boi  $0% 

'  Washington,  D.  C.) 

WISCONSIN  SECTION. 

The  December  meeting  was  held  in  Madison,  Wednesday,  December 
i6th.  The  program  was  as  follows:  "Forms  of  Stilfur  in  Plant  Matoiik 
and  their  Variations  with  the  Soil  Supply,"  by  W.  H.  Peterson;  "Some 
Phenomena  of  Tissue  Self-digestion  or  Autolysis,"  by  H.  C.  Bradley. 

A.  B.  Konnc.  Stmlmy. 
NBW  YORK  S9CTION. 

The  regular  meeting  was  held  December  nth  in  conjunction  with  the 
New  York  Section  of  the  Society* of  Chemical  Industry  and  the  Americas 
Klectrochemical  Society.  The  program  was  as  follows:  "A  Surfaciii 
Bum  Produced  by  an  Unknown  Radiation,"  by  C.  A.  Doremus;  "Past, 
Present,  and  Future  of  Electrochemistry  in  America,"  by  E.  F.  Roeber; 
"'Education  for  Chemical  Research,"  by  W.  H.  Walker;  "Industrial  Re- 
search in  the  Mellon  Institute  (illustrated),"  by  R.  F.  Bacon. 

C.  M.  Jovcs.  SmMtmj. 
CONNECTICUT  VAI^LBY  SBCTION. 

The  twenty-eighth  meeting  was  held  at  Springfield,  Mass.,  December 
Y2th.  The  program  was  as  foUows:  "Progress  in  the  Hydrogenatioa  cl 
Oils,"  by  Carleton  Ellis.  j.  c.  AKuamw%  Smmm 

NBW  HAVEN  SBCTION. 

The  December  meeting  was  held  Friday,  the  4th.  A  lectins  with  demoo- 
strations  on  "The  Thermite  Process  of  the  Goldschmidt  Thermite  Cobb- 
pany,"  was  given  by  W.  R.  Hturlbert.  gbokob  a  jAmaMir.  Smwimf. 

IX>XJISIANA   SECTION. 

The  eightieth  meeting  was  held  Friday,  November  20th.  The  progrua 
was  as  follows:  "Vanilla  Extract  Prepared  by  the  Hot  Percokitiofi 
Process,"  by  F.  W.  Liepsner;  "A  Criticism  of  Some  Selected  Analytical 
Methods,"  by  Chas.  S.  Williamson,  Jr.  j.  hsatr  L««ia,  s^utmy. 

DETROrr  SECTION. 

The  November  meeting  was  held  Friday,  November  27th.    The  pro- 
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gram  was  as  follows:    "Chemical  Industries  in  Japan  (illustrated)/'  by 
Jokichi  Takamine. 

The  December  meeting  was  held  Friday,  December  i8th.  The  program 
was  as  follows:  "The  Bleaching  of  Shellac,"  by  C.  T.  Bragg;  "The 
Manufactme  of  Chemical  Porcelain  in  Detroit,"  by  Harry  Spurrier; 
"The  Manufactiu-e  of  Insulated  Wire,"  by  Jas.  H.  Bogart;  "Comparison 
of  the  Pharmacopoeiae  of  Different  Countries,"  by  H.  T.  Graber;  "Some 
Features  of  the  Gas  Industry,'*  by  Leigh  E.  Worthing. 

Bdw.  J.  GuncBS,  Sioreiary. 
CORNBUy  SECTION. 

The  regular  meeting  was  held  Monday,  December  14th.  The  program 
was  as  follows:  "X-Ray  Spectra  of  the  Elements,  the  Periodic  Law,  and 
Theories  of  the  Structure  of  the  Atom,"  by  G.  B.  Upton. 

O.  R.  OvSKXAM,  Suretary. 
UNIVERSITY  OF  IIXINOIS. 

The  December  meeting  was  held  Monday,  December  14th.  The  sub- 
ject of  the  evening  was  "Household  Chemistry,"  and  the  speakers,  Pro- 
fessors Isabel  Bevier  and  N.  £.  Goldthwaite  and  Dr.  Ruth  Wheeler. 

Gvo.  D.  BsAir,  Suretary, 
PHILADELPHIA  SECTION. 

A  joint  meeting'  of  the  Engineers'  Club  and  this  section  was  held  Sattu*- 
day,  December  5th.  The  address  of  the  evening  was  on  "The  Bureau  of 
Standards  and  Its  Relations  to  the  Industries,"  by  P.  W.  Stratton,  Di,- 
rector  of  Bureau  of  Standards,  Washington,  D.  C. 

The  regular  meeting  was  held  Thursday,  December  17th,  and  the  ad- 
dress of  the  evening  was  on,  "The  Chemical  Investigation  of  the  Cause 
and  Prevention  of  Dental  Caries,"  by  William  J.  Gies,  Professor  of  Biologi- 
cal Chemistry,  Columbia  University.  c.  s.  bumton.  seattary. 

ROCHESTER  SECTION. 

The  Rochester  Section  accepted  the  hospitality  of  the  University  of 
Rochester  on  Monday  evening,  November  30th',  when  a  lecture  was  given 
on  "The  Manufacture  of  Portland  Cement,"  by  Howard  Rhode,  of 
the  Lehigh  Portland  Cement  Co. 

The  regular  meeting  was  held  Monday,  December  7th,  the  address  of 
the  evening  was  on  "Paint  Technology,"  by  Henry  A.  Gardner,  of  the 
Institute  of  Industrial  Research,  Washington,  D.  C. 

H.  H.  TosDOt*  Staritary. 
UNIVERSITY  OP  MICHIGAN  SECTION. 

The  November  meeting  was  held  Tuesday,  November  24th.  The 
paper  of  the  evening  was  on  "Some  Para-Hydrosytriphenylmethane 
Derivatives,  a  Contribution  to  the  Chemistry  of  Free  Radicals,"  by 
R.  L.  Jickling.  The  officers  to  serve  for  191 5  were  elected  as  follows: 
Chaifman,  L.  H.  Cone;  Sec.-Treas,,  H.  H.  Willard;  Councilor,  S.  L.  Bigelow. 
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The  December  meeting  was  held  Tuesday,  December  8th.  An  addras 
was  given  on  * 'Ferments  from  Microscopical  Fmigi  and  their  Practice 
Applications/'  by  J.  Takamine,  of  New  York  City. 

H.  H.  WxLUUED,  Stensmj- 
OREGON  SECTION. 

The  annual  meeting  was  held  in  Portland,  Saturday,  November  2StL 
The  program  was  as  follows:  "Modem  Methods  of  Testing  Auriferods 
Gravel  Deposits,"  by  A.  S.  Wells.  p.  a.  ounm.  SMnivT. 

CALIFORNIA  SECTION. 

The  eighty-second  regular  meeting  was  held  in  San  Francisco,  Satnrdaj, 
December  5th.  The  paper  of  the  evening  was  on  "The  Passivity  of 
Iron,"  by  S.  W.  Young,  Stanford  University.  BaTAwr  &  Duixs.  Staitan 

WASHINGTON   SECTION. 

The  following  officers  were  elected  to  serve  for  19 15  at  the  November 
12th  meeting:  President ^  C.  L.  Alsberg;  First  Vice-President,  R.  B. 
Sosman;  Second  Vice-President,  H.  M.  Loomis;  Secretary,  E.  C.  McKdvy; 
Treasurer,  F.  P.  Dewey;  Council,  J.  A.  LeClerc,  P.  H.  Walker,  J.  JchnsAm, 
F.  P.  Dunnington;  Executive  Committee,  E.  W.  Boughton,  A.  N.  Finn, 
R.  C.  WeUs,  O.  F.  Black. 

The  two  hundred  and  forty-third  meeting  was  held  Thursday,  Decem- 
ber loth.  The  program  was  as  follows:  "The  Recovery  of  Osmirirtium 
in  the  Electrolytic  Refining  of  Gold,"  by  F.  P.  Dewey,  Bureau  of  tfc 
Mint;  "The  Presence  of  Primary  Cleavage  Products  of  Protein  in  Soft,* 
by  E.  H.  Walters,  Bureau  of  Soils;  "The  Excretion  of  Thymol  in  tbe 
Urine,"  by  A.  Seidell,  Hygienic  Laboratory.  robbkt  b.  soaMAx.  s^entmj. 

lOWA  SECTION. 

The  December  meeting  was  held  Saturday,  December  12th.  The 
program  of  the  evening  was  as  follows:  "Radio-Activity  of  Waters," 
by  Herman  Schlundt,  of  the  University  of  Missotui;  "Purificatioo  d 
Water,"  by  L.  H.  Goebel,  of  the  Cedar  Rapids  Water  Works. 

p.  A.  BoHO,  Sm^tm% 
MARYLAND  SECTION. 

The  third  regular  meeting  was  held  Saturday,  December  iptfa.  Tk 
program  was  as  follows:    "Reminiscences  of  Liebig  and  Wohkr,"  by  In 

Remsen.  Pmamk  IC.  Bofum.  Saenur% 

LEXINGTON  SECTION. 

The  regular  meeting  was  held  Wednesday,  December  9th.  The  pro- 
gram was  as  follows:  "Report  on  the  Annual  Convention  of  tbc  As- 
sociation of  Official  Agricultural  Chemists  at  Washington,  Novente 
16,"  by  Wm.  Rhodes;  "Review:  the  Obtainment  of  Raditmi  D  in  Visifcfc 
Quantity  and  Its  Identity  with  Lead,"  by  A.  M.  Peter. 

O.  D. 
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CINCINNATI  SBCTION. 

The  one  hundred  and  ninety-fourth  regular  meetmg  was  held  Wednes- 
day, December  9th.  The  program  was  as  follows:  "Chemical  and  Physical 
Tests  in  the  Manufacture  of  Paints,"  by  P.  Smyth;  "Ice  Cream  Studies  in 
Cincinnati,"  by  C.  Bahlmaim;  H.  S.  Fry  read  the  following  papers:  "In- 
terpretations of  Some  Stereochemical  Problems  in  Terms  of  the  Electronic 
Conception  of  Positive  and  Negative  Valences, — "  Part  3;  "A  Con- 
tinuation of  the  Interpretation  of  the  Crum  Brown  and  Gibson  Rule, — *' 
Part  4;  "The  Simultaneous  Formation  of  Ortho-,  Meta-,  and  Para- 
Substituted  Derivatives  of  Benzene, — "  Part  5:  "A  Reply  to  A.  F.  Holle- 

man."  Stsphsk  J.  Hadssr,  Secretary. 

RHODE  ISLAND  SECTION. 

The  December  meeting  was  held  Thursday,  December  17th.  The 
program  was  as  follows:     "Abrasives,"  by  James  G.  Callan  of  Arthur 

D.  Little,  Inc.,  Boston.  Norman  B.  holt.  Secretary. 

CLEVELAND  SECTION. 

The  December  meeting  was  held  Monday,  December  14th.  The  ad- 
dress of  the  evening  was  on,  "Rubber  and  Its  Manufacture,"  by  Frank 
H.  Van  Derbeck,  Manager  of  The  Hewitt  Rubber  Co.,  Buffalo. 

W.  R.  Bippmt.  Secretory. 
PITTSBURGH  SECTION. 

The  one  hundred  and  twelfth  regular  meeting  was  held  Thursday,  De- 
cember 17th,  The  program  was  as  follows:  **The  Freezing  of  Nitro- 
glycerin and  its  Detonation  by  Shock,"  by  Harold  Hibbert,  Mellon 
Institute;  "Protein  Charts,"  Alexander  Silvermann,  University  of  Pitts- 
burgh; "A  New  Process  for  the  Manufacture  of  Steel,"  Isador  LadofiF, 
Westinghouse  Elec.  &  Mfg.  Co.  c  q.  aroBif.  Ssaretary. 

NASHVILLE   SECTION. 

The  twenty-ninth  meeting  was  held  Friday,  December  i8th.  The 
program  was  as  follows:  **A  Few  Applications  of  Chemistry  to  Fertilizer 
Work,"  by  W.  R.  Austin.  viook  p.  lw.  Sweutry, 

WESTERN  NEW  YORK  SECTION. 

The  December  meeting  was  held  at  Niagara  Falls,  N.  Y.,  Thursday, 
the  17th.    The  address  of  the  evening  was  on  **Thermitite,"  by  Francis 

A.  J.  Fitzgerald.  Moktimsx  j.  brown.  Secretary. 

SOUTHERN  CALIFORNIA  SECTION. 

The  regular  meeting  was  held  Thursday,  November  19th,  in  Los  Angeles. 
The  paper  of  the  evening  was  on  "Cobalti-Nitrite  and  Its  Application  to 
the  Determination  of  Potash,"  by  W.  B.  Newkirk. 

The  regular  monthly  meeting  was  held  Thursday,  December  17th.  The 
paper  for  the  evening  was  by  Dr.  Stuart  J.  Bates,  entitled  "Some  Chem- 
ical Effects  of  the  Electric  Discharge."  h.  l.  path»,  secretary. 
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NBBRASKA  SECTION. 

The  seventy-fourth  regular  meeting  of  the  Nebraska  Section  was  htM 

Thursday,  December  17th.    Program:  "Organic  Constituents  of  Sak,* 

F.  W.  Upson;  "A  New  Type  of  Spectra,"  Benton  Dales;  "The  Reading 

the  Fat  Column  in  the  Babcock  Test,"  E.  L.  Redfem. 

c.  J. 


GEORGIA  SBCnON. 

The  November  meeting  was  held  Saturday,  November  21st,    The 
tion  of  officers  was  held,  resulting  as  follows:  President,  Ray  C.  W< 
Atlanta;  Vice  President,  F.  I.  Gibson,  Savannah;  Secretary,  J.  S.  Bi 
Atlanta;  Councilor,  F.  N.  Smalley,  Savannah.    The  following 
was  given:  "Some  Phases  of  the  Potash  Situation,"  C.  A.  Wells;  "Gi 
Limestone  and  Its  CfiFect  on  Fertilizers  and  Soil,"  J.  S.  Brogdon; 
Injurious  Action  of  Nitric  Acid  on  Sulftuic  Add  Chambers,"  E.  H. 
strong;  "Sterilization  of  Water  by  Calcium  Hyperchloride,"  Ray 
Werner.  j.  s.  bmodov, 

UNIVERSITY  OF  BflSSOURI  SECTION. 

The  fifty-second  meeting  was  held  September  25th.     Dr.  H. 
spoke  upon  the  subject,  ''The  Revision  of  Some  Atomic  Weij^ts  by 
Radioactive  Method." 

The  fifty-third  meeting  was  held  on  October  13th.     Dr.  Edward 
of  the  University  of  Wisconsin  addressed  the  section  on  the  subject 
hydrones  and  their  Relation  to  Plant  Coloring  Matter." 

The  fifty^fourth  meeting  was  held  on  November  13th.    Dr.  C. 
Motdton  spoke  upon  the  subject,  "The  Preparation  and  Use  of  N( 
Ammonium  Citrate  Solutions."  l.  d.  haiob,  vk»4:h»kmm. 

The  fifty-fifth  meeting  of  the  section  was  held  on  December  4th. 
following  officers  were  elected  for  the  ensuing  year:    Chairman,  Dr.  L 
Haigh;  Vice-Chairman,  Dr.  Addison  Gulick;  Secretary,  Miner  L. 
mann;  Treasurer,  E.  E.  Vanatta;  Councilor,  Prof.  H.  Schlundt. 

Minsk  h.  Hasimanm.  Sao^m- 


DECGASSD. 

Wheeler,  Henry  L.,  Hartford,  Conn.,  November,  1914. 
White,  Chas.  N.,  Wilmington,  Delaware,  December,  1914. 


Iflsued  with  the  Fcbnury  Nnmbcr,  1915. 
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Jerome  B.,  Jr.,  180  Belgrave  Ave.,  Notre  Dame  de  Grace,  Mon- 


Wm.  O.,  127  North  Ave.,  Highland  Park,  111. 
nan,  Harry  C.,  812  6th  Ave.,  No.,  Minneapolis,  Minn. 
h,  George  W.,  Jr.,  1414  E.  Columbia  Ave.,  Philadelphia,  Pa. 
k,  N.  Henry,  Roxbury  Latin  School,  Boston,  Mass. 
ikhom,  Carl  W.,  5919  Olive  Court,  N.  E.,  Cleveland,  Ohio. 
k1,  Lewis  H.,  Sigma  Alpha  Epsilon  House,  Orono,  Maine. 
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iiek,  Henry  T.,  508  Goepp  St.,  Bethlehem,  Pa. 
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uns,  D.  H.,  Maple  Ave.,  Hyattsville,  Md. 
tiner,  C.  P.,  134  Bamett  St.,  Atlanta,  Ga. 
Ley,  Richard  D.,  30  Church  St.,  New  York  City, 
wn,  Anson,  391  King  Ave.,  Columbus,  Ohio, 
goon,  Willard  T.,  Cleveland  Wire  Div.,  Nat'l  Lamp  Wks.,  General 
ic  Co.,  Cleveland,  Ohio. 

Bs,  James  G.,  486  Jarvis  St.,  Toronto,  Ont.,  Canada, 
ler,  Allen  P.,  Bellevue,  Iowa. 

lenhead,  A.  F.  G.,  Pickering  College,  Newmarket,  Ont.,  Canada, 
npbell,  Arthur  J.,  Cr.  E.  Pritchard,  Bridgeton,  N.  J. 
ikmakjean,  H.  H.,  37  Endicott  Ave.,  W.  Somerville,  Mass. 
mdler,  E.  M.  A.,  1202  W.  Main  St.,  Urbana,  111. 
itfield,  Charles  B.,  451  Orange  St.,  New  Haven,  Conn, 
rk,  Charles  L.,  719  Madison  Ave.,  Scranton,  Pa. 
iy,  Joseph  D.,  440  Washington  St.,  New  York  City. 
Uins,  W.  Rowland,  622  Benson  St.,  Camden,  N.  J. 
Iwell,  R.  L.,  The  Great  Western  Sugar  Co.,  Longmont,  Colo, 
tmer,  Samuel  D.,  LaFayette,  Ind.  , 

QToy,  Edward  H.,  Box  304,  Iowa  City,  Iowa, 
igg,  Rollin  H.,  8364  Curzon  Ave.,  Cincinnati,  Ohio, 
iig,  William  J.,  Cosa  Colon,  Huelva,  Spain. 
3<iett,  C.  W.,  Anderson  Chem.  Co.,  Box  135,  Passaic,  N.  J. 
osby,  Philip  A.,  2746  Dohr  St.,  Berkeley,  Calif. 
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Crowell,  Donald  D.,  28  Everett  Ave.,  Winchester,  Mass. 

Callings,  Eugene    G.,  Hudson  Heights,  N.  J. 

Daniels,  Donald  P.,  1080  Beacon  St.,  Brookline,  Mass. 

Davis,  Arthur  R.,  Omega  Phi  House,  Middletown,  Conn. 

Davis,  Norman  Bruce,  Dept.  of  Geology,  Cornell  Univ.,  Ithaca,  N.  Y. 

Dittmer,  Joseph  C,  286  Park  PL,  Brooklyn,  N.  Y. 

Doan,  Miss  Martha,  Westfield,  Ind. 

Donohoe,  Gerald  R.,  3810  Chestnut  St.,  Philadelphia,  Pa. 

Doubleday,  Ralph  S.,  609  8.  Limestone  St.,  Lexington,  Ky. 

Dunn,  Fred  C,  965  E.  Broad  St.,  Columbus,  Ohio. 

Dunne,  Wm.  P.,  1322  S.  Travis  St.,  Sherman,  Texas. 

Eddy,  Ernest  A.,  Main  and  Market  Sts.,  St.  Louis,  Mo. 

Elsey,  H.  McK.,  606  Cowper  St.,  Palo  Alto,  Cahf. 

Epstein,  Harry  M.,  175  Front  St.,  New  York  City. 

Ernst,  Herman,  174  Central  Ave.,  E.  Orange,  N.  J. 

Evans,  Robert  W.,  Mead  Pulp  &  Paper  Co.,  Chillicothe,  Ohio. 

Fisher,  Cla)rton  E.,  Norwich  University,  Northfield,  Vt. 

Foote,  Warren  M.,  107  N.  19th  St.,  Philadelphia,  Pa. 

Ford,  F.  Edwin,  508  S.  5th  Ave.,  Ann  Arbor,  Mich. 

Frey,  Ralph  W.,  Leather  &  Paper  Lab'y.,  Bur.  of  Chem.,  Washinstfli 
D.  C. 

Frost,  John  H.  H.,  Box  890,  Welland,  Ont.,  Canada. 

Gahring,  John  W.,  7440  Finance  St.,  Pittsburg,  Pa. 

Gartrell,  Robert,  176  Park  Ave.,  Atlanta,  Ga. 

Georger,  Edwin  L.,  609  S.  Limestone  St.,  Lexington,  Ky. 

Ginslie,  E.  B.,  P.  O.  Box  1724,  Atlanta,  Ga. 

Glenn,  David  L.,  302  So.  Tacoma  Ave.,  Tacoma,  Wash. 

Glenn,  T.  O.,  253  E.  Main  St.,  Bradford,  Pa. 

Goldstein,  Jacob  C,  419  E.  73d  St.,  New  York  City. 

Gomory,  W.  L.,  71  Hinsdale  PL,  Newark,  N.  J.  ■ 

Grant,  Dwight  A.,  City  Asphalt  Plant,  Hamilton  &  Dallas  Ata^ 
Pittsburg,  Pa. 

Griffin,  Edward  G.,  11 20  Amsterdam  Ave.,  New  York  City. 

Guinther,  John,  Cr.  Union  Carbide  Co.  of  Canada,  Ltd.,  Wdkadi 
Ont.,  Can. 

Guiterman,  Edward  W.,  337  Aycrigg  Ave.,  Passaic,  N.  J. 

Gulbrandsen,  S.,  Welsbach  Co.,  Gloucester,  N.  J. 

Gutekunst,  Gumey  O.,  1023  Oakland  Ave.,  Ann  Arbor,  Midi. 

Hahn,  E.  L.,  4858  Fountain  Ave.,  St.  Louis,  Mo.  | 

Hahn,  E.  V.,  2258  N.  Capitol  Ave.,  Indianapolis,  Ind. 

Hahn,  Fred  C,  1005  So.  Wright  St.,  Urbana,  111. 

Haigh,  De  Lagnel,  381  4th  Ave.,  New  York  City. 

Hands,  Harold  E.,  Iowa  City,  Iowa. 

Harper,  T.  E.,  Jr.,  706  9th  Ave.,  Salt  Lake  City,  Utah. 

Haskins,  Harold  I.,  1302  Rosemont  Ave.,  Chicago,  111. 
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MEETINGS  OF  THE  SECTIONS. 

[Full  accounts  of  all  meetings  should  be  sent  to  Secretary  Charles  h.  Parsons,  Box  505, 

Washington,  D.  C] 

ST.  LOUIS  SECTION. 

The  annual  meeting  was  held  December  14th,  at  which  the  following 
ofi&cers  for  19 15  were  elected:  Chairman^  Dr.  L.  McMaster;  Vice-Chair- 
tnan,  A.  C.  Boylston;  Secretary,  Geo.  Lang,  Jr.;  Treasurer,  J.  D.  Robert- 
son; Councilor,  Dr.  L.  F.  Nickell. 

The  January  meeting  was  held  Monday,  the  nth.  Dr.  E.  P.  Wight- 
man,  of  Washington  University,  addressed  the  Section  on  "Some  Facts 
Concerning  the  Chemistry  of  Photography  with  Reference  to  the  Photo- 
graphic Image  and  Development.  onoRon  hAno,  jr..  Secretary. 

SYRACUSE  SECTION. 

The  October  meeting  was  held  October  20th.  Mr.  E.  R.  Taylor,  of  Penn 
Yan,  N.  Y.,  lectured  on  "Manufacture  and  Uses  of  Bisulphide  of  Car- 
bon." 

The  November  meeting  was  held  November  24th.  Mr.  H.  E.  Howe, 
of  Bausch  &  Lomb  Optical  Co.,  spoke  on  "Modem  Spectroscopy." 

The  93rd  regular  meeting  was  held  December  8th.  Mr.  Henry  A. 
Gardner,  Assistant  Director  of  the  Institute  of  Industrial  Research, 
Washington,  D.  C,  spoke  on  "The  Service  Value  of  Various  Painting  Ma- 
terials.'* 

The  94th  regular  meeting  was  held  January  5th.  Dr.  Arthur  L.  Day, 
Director  of  the  Geophysical  Laboratory,  Washington,  D.  C,  spoke  on 
"The  Volcano  Kilauea  in  Action,*'  giving  illustrations. 

H.  B.  KiPPSR.  Secretary. 
LEXINGTON  SECTION. 

The  Section  held  its  21st  regular  meeting  on  Wednesday,  January  13th. 
The  program:  "Some  Bio-Chemical  Problems  of  the  Breeder,"  Prof. 
W.  S.  Anderson;  "Radium  and  Its  Rays,"  Dr.  M.  H.  Bedford. 

Lm>yd  C.  Danibls.  Secretary. 
CHICAGO  SECTION. 

The  January  meeting  was  held  January  15th.  The  paper  of  the  even- 
ing was  by  W.  G.  MacNaughton,  of  Nekoosa-Edwards  Paper  Co.,  on 
"An  Outline  of  the  Manufacture  of  Sulfite  Cellulose." 

CINCINNATI  SECTION. 

The  meeting  of  the  Section  was  held  January  13th.  Subjects:  i. 
"Study  of  Aluminium  Hydroxide  as  a  Pigment  and  as  a  Base  for  Organic 
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Lakes" —  the  Hostetter  Fellowship  Prize  essay,  by  Robt.  F.  Reed.  2.  "A 
New  Indicator  of  Azo  Type,"  by  Benj.  E.  Sibe;  and  3.  "Detenmaatkn 
of  the  Maximum  Condensation  of  Zinc  Vapor  to  Liquid  Zinc/'  by  Chades 
L.  Bloom — ^honorable  mention  essays  for  the  same  prize. 

S.  J.  Hausbx.  StuMmy 
NASHVILLE  SECTION. 

The  30th  meeting  of  the  Section  was  held  Friday  evening,  Jan.  i^ 
The  program  included  the  following  paper:  "Notes  on  the  Deteriontkn 
of  Hydrogen  Dioxide  Waters  and  the  Effect  of  Acetanilide  as  a  R^ 
tarding  Catalyst,"  by  Prof.  E.  A.  Ruddiman.  victoe  p.  lb«.  SM^^m. 

MILWAUKEE  SECTION. 

At  the  meeting  of  the  Milwaukee  Section  of  the  A.  C.  S.,  held  on  De- 
cember loth,  the  following  officers  were  elected:  Chairman^  Geo.  N. 
Prentiss;  Vice-Chairman,  A.  H.  Galium;  Secretary,  B.  L.  Solomon;  Treas- 
urer, F.  L.  Theurer;  Councilor,  Dr.  A.  J.  Schedler.      c.  r.  mck«b.  smmmx 

EASTERN  NEW  YORK  SECTION. 

The  58th  meeting  was  held  on  Friday,  Nov.  20th.  The  following  paper 
was  presented:  **The  Weather  Biu-eau  and  Its  Work/'  by  Mr.  G.  T. 
Todd,  Local  Forecaster  of  the  U.  S.  Weather  Bureau. 

The  59th  meeting  was  held  on  Tuesday,  Dec.  29th.  The  general 
subject  of  the  meeting  was:  "Present  Views  of  the  Structure  of  Matter.'* 
Brief  papers  were  presented  sis  follows:  "The  Thomson  and  Rutherfoni 
Models  of  the  Atom;"  "The  Atomic  Theories  of  Bohr,  Nicholson  and 
Others,"  by  Dr.  Irving  Langmuir;  "Moseley's  Work  on  X-Ray  Spectnt, 
Atomic  Numbers,  and  the  Nucleus  Charge,"  by  Dr.  Wheeler  P.  Davcy: 
"Bragg's  Work  on  the  Arrangement  of  Atoms  in  Crystals,"  by  Dr.  A.  W. 
HuU. 

At  the  annual  election  of  the  local  section,  held  December  29th,  the 
following  officers  for  1915  were  elected:  President,  Dr.  I.  Langmnir; 
Vice-President,  Dr.  B.  S.  Bronson;  Sec.-Treas.,  W.  E.  Ruder;  Councihr. 
Dr.  M.  A.  Hunter;  Executive  Committee,  W.  C.  Arsem,  Dr.  C.  F.  Hafc. 

A.  J.  Salathe.  W  C  Ammmm^  S^awtan. 

WISCONSIN  SECTION. 

The  Wisconsin  Section  met  on  December  i6,  1914.  Prof.  W.  H,  Pctei- 
son  spoke  on  "Forms  of  Sidphur  in  Plant  Materials  and  Their  Varia- 
tions with  the  Soil  Supply."  The  following  officers  were  elected  for  the 
ensuing  year:  Chairman,  J.  H.  Mathews;  Vice-Chairman,  P.  W.  CmIc- 
ton;  Councilor,  J.  H.  Walton,  Jr.;  Secretary,  A.  B.  Koenig;  Treasmm, 
W.  E.  Tottingham. 

The  January  meeting  was  held  Wednesday,  January  13th.  Plnof.  fL 
C.  Bradley  spoke  on  "Some  Phenomena  of  Tissue  Self-Digestioii  * 
Autolysis."  ^,  ^  ^^^.^^ 


MINNESOTA  SECTION. 

The  Section  met  Wednesday,  Jan.  15th.  Prof.  R.  W.  Thatcher  pre- 
sented a  paper  on  "Some  Recent  Biochemical  Problems." 

Stbhuno  Tsifpi«Sp  Stcrttary. 
LOUISIANA  SECTION. 

The  8ist  meeting  was  held  Friday,  December  i8th.  Program: 
"The  Destruction  of  the  Fly  Maggot  in  Manure  by  Chemical  Treatment," 
Dr.  F.  C.  Cook. 

The  82nd  meeting  was  held  Friday,  January  15th.  Program:  "Manu- 
facture of  Plantation  Granulated  Sugar  in  Louisiana,"  Dr.  Chas.  E. 
Coater,  La.  State  University.  j.  hsath  lbwis.  secretary. 

CLEVELAND  SECTION. 

The  regular  meeting  was  held  January  nth.  Prof.  J.  R.  Withrow, 
of  the  Industrial  Chemistry  Department  of  Ohio  State  University,  gave 
an  illustrated  lecture  on  "Chemical  Engineering  of  Hard  Wood  Dis- 
tillation." W.  R.  KiPPBR,  Secretary. 

ROCHESTER  SECTION. 

The  regular  meeting  was  held  Monday,  December  21st.  The  subject 
for  consideration  was  "The  Practical  Value  of  Specifications  in  Purchasing 
Coal."  The  viewpoint  of  the  Chemist  was  presented  by  Wm.  H.  Earle, 
of  the  Gas  Mfg.  Dept.,  Rochester  Railway  &  Light  Co.;  of  the  Consumer 
by  W.  S.  Austin,  Supervising  Engineer  for  Kodak  Park  Works,  Eastman 
Kodak  Co. ;  of  the  Dealer  by  Walter  H.  Howard,  Mgr.  Yates  Coal  Co. 

The  meeting  of  the  Section  was  held  Monday,  Jan.  4th.  Dr.  Arthur  L. 
Day,  Director  of  the  Geophysical  Laboratory  of  the  Carnegie  Institution, 
Washington,  D.  C,  gave  an  illustrated  lectiu-e  on  "The  Volcano  Kilauea 

in  Action."  H.  H.  Towbr.  Secretary. 

MARYI^AND  SECTION. 

The  4th  regular  meeting  was  held  Saturday,  January  i6th.  Program: 
Dr.  H.  Englehardt,  of  Sharpe  &  Dohme,  "The  Estimation  of  Yellow 
Phosphorus  in  Pharmaceutical  Preparations."  F.  F.  Fitzgerald,  of  the 
National  Canners  Association  Laboratory,  "The  Action  of  Fruit  Products 
on  Tin  Plate  and  the  Preparation  of  Stannous  GlycocoUate." 

Prank  M.  BOTX.8a,  Secretory. 
KANSAS  CITY  SECTION. 

The  105th  regular  meeting  was  held  Dec.  12th.  The  paper  of  the 
evening  was  on  "Color  Photography  and  Some  of  Its  Scientific  Applica- 
tions," by  J.  H.  Mathews,  of  Univ.  of  Wisconsin.  The  following  officers 
were  elected  for  19 15:  President^  Dr.  Roy  Cross;  Vice-President,  Prof. 
W.  A.  Whitaker;  Councilor,  Prof.  E.  H.  S.  Bailey;  Secretary-Treasurer, 
W.  B.  Smith;  Assistani  Secretary,  Dr.  C.  F.  Nelson. 
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NORTHERN  INTBRMOUNTAIN  SECTION. 

The  meeting  of  the  Section  was  held  Saturday,  December  i  itti,  Subjeds 
presented  at  that  meeting  were  as  follows:  "Scientific  Sympathy," 
Dr.  Melvin  A.  Brannon;  "The  Need  for  Standardization  of  the  Metbodi 
in  the  Wood  Turpentine  Industry,"  Mr.  M.  G.  Donk;  "The  Influence cf 
Peptones  on  Sugar  Determinations,"  Geo.  A.  Olson. 


Gbo.  a.  OLSoat, 
NEBRASKA  SECTION. 

The  following  officers  were  elected  at  the  December  meetiiig  far  tke 
coming  year:  President,  Benton  Dales;  Secretary'Treasurert  H.  M. 
Plum;  Councilor,  H.  A.  Senter;  Executive  Committee,  P.  W.  Upsoo, 
George  Borrowman,  Jr.,  and  Mary  L.  Fossler.  h.  m.  pmjm,  sser^imy. 

DECEASED. 

Birley,  R.  K.,  Manchester,  Eng.,  December,  1914. 
Hall,  Charles  M.,  Niagara  Palls,  N.  Y.,  December  27,  1914. 
Reid,  Howard  E.,  Siegfried,  Pa.,  December,  1914. 
Stem,  David,  Cincinnati,  O.,  November  9,  1914. 
Rood,  EUwood  D.,  Enid,  Oklahoma,  January  i,  1915. 
Wright,  C.  W.,  Rock  Island,  HI.,  January  11,  1915. 


iMttcd  wMi  the  March  Nnnbcr.  1913. 
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Henderson,  Norman  H.,  Leechburg,  Pa. 
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MEETINGS  OF  THE  SECTIONS. 

OREGON  SBCnON. 

At  a  meeting  of  the  Section  held  November  28th  the  following 
were  elected  for  the  year:    President,  William  Conger  Morgan;  Vice-^Prtsi- 
dent,  H.  V.  Tartar;  Secretary,  F.  A.  Ohnsted;  Councilor,  O.  F.  Stafford. 

The  17th  meeting  was  held  Saturday,  January  2nd.  Professor 
O.  P.  Stafford  of  the  University  of  Oregon  gave  a  paper  on  "The  Possh 
bility  of  Electro-Chemical  Industries  in  the  Northwest." 

At  the  meeting  held  February  6th  the  following  papers  were  given: 
"Some  Reactions  of  the  Metal  Ammonia  Compounds/'  by  R.  J.  Brodie; 
"The  Application  of  Some -Colloids  to  Municipal  Water  Purificatioii,'* 
by  John  Fulton;  "The  Specific  Effects  of  Certain  Fats  on  the  Promotioo 
of  Growth,"  by  R.  A.  Butcher.  p.  a.  oumsAOw  5«crii«7 

MINNESOTA  SECTION. 

The  December  meeting  was  held  December  i6th.  Dean  G.  B.  Prank- 
forter  gave  a  talk  on  "Chemical  Laboratories." 

The  following  officers  were  elected  for  the  year:  President,  R.  W. 
Thatcher;  Vice-President,  F.  W.  Emmons;  Secretary,  Sterling  N.  Temple; 
Treasurer,  G.  Dietrichson.  w.  h.  huxtsx.  s^^mmy. 

The  regular  meeting  was  held  February  19th.  Program  as  foflows: 
Note  on  "Inversion  of  Starch  by  Gaseous  Hydrochloric  Add,"  presented 
by  Dr.  F.  C.  Frary.  Paper  on  "Animal  Pigments,"  presented  by  Dr.  Ross 
A.  Gortner.  stbwwko  tsmma.  Swutimj. 

LOUISIANA  SBCnON. 

Officers  elected  at  meeting  of  January  15th,  to  serve  during  1915: 
Mr.  W.  L.  Howell,  President;  Mr.  Geo.  B.  Taylor,  Vice-President;  Mr. 
F.  W.  Liepsner,  Sec-Treas,;  Dr.  Philipp  Asher,  Ex.-Comr,  C-  E.  Coatcs, 

Councilor.  j.  h«ath  Lvim.  S4twwtm'j, 

UNIVBRStTY  01^  ILLINOIS  SBCTION. 

The  January  meeting  was  held  January  1 8th.  The  address  of  the  evening 
was  given  by  Professor  C3rril  G.  Hopkins,  of  the  CoUege  of  Agiicultinr, 
University  of  Illinois,  on  "Problems  in  the  Development  of  Soiitheni 
Agriculture." 

The  February  meeting  was  held  February  i6th,  when  the  section  was 
addressed  by  Dr.  James  H.  Beal,  chairman  of  the  Board  of  Tmstees  of 
the  U.  S.  Pharmacopoeial  Convention  on  "  The  Pharmacopoeia  and  National 
Formulary  as  Legal  Standards."  g»oeo»  d.  bbal.  S€trmm% 

ROCHESTER  SECTION. 

The  Section  met  January  18,  19 15.  Professor  W.  P.  Mason  of  the  De- 
partment of  Chemistry,  Rensselaer  Polytechnic  Institute,  spott  oo 
"Stored  Water."  n.tLT 
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xnwnatSPty  o9  Michigan  section. 

The  January  meeting  was  held  January  19th.  Mr.  R.  J.  Carney  gave 
a  review  of  "Werner's  Work  on  Metallic  Compounds  with  Molecular 

Asymmetry.''  H.  H.  Woxaxd.  Seerttary- 

PHILADEI«PHIA  SECTION. 

The  regular  meeting  was  held  January  21st.  The  following  address 
was  given:  "Radium  and  the  Disintegration  Theory  of  Matter"  (illus- 
trated by  lantern  slides),  by  Prof.  Horace  C.  Richards,  Department 
of  Physics,  University  of  Pennsylvania. 

The  regular  meeting  was  held  Thiu^ay,  February  i8th.  The  follow- 
ing program  was  given:  "A  Study*  of  the  Reproducibility  of  the  Cad- 
mium Electrode,"  by  Frederick  H.  Getman,  Ph.D.,  and  V.  L.  Gibbons. 
Sympositmi  on  Enzymes:  "Methods  of  Enzyme  Preparation,"  by 
Donald  D.  Van  Slyke,  A.B.,  Ph.D.,  Rockefeller  Institute  for  Medical 
Research,  New  York  City.  "The  Reversion  of  Ferment  Action,"  by 
Alonzo  E.  Taylor,  M.D.,  Department  of  Physiological  Chemistry,  Uni- 
versity of  Pennsylvania.  "The  Behavior  of  Enzymes  at  Low  Tempera- 
tures," by  Joseph  S.  Hepburn,  A.M.,  M.S.,  Ph.D.,  formerly  of  Depart- 
ment of  Biological  Chemistry,  Columbia  University.  "Ferments  and 
Immunity,"  by  John  A.  Kolmer,  M.D.,  Dr.  P.  H.,  I<aboratory  of  Experi- 
mental Pathology,  University  of  Pennsylvania. 

C.  S.  Brxnton.  S$eretary-Trtasurer. 
SOUTHERN  CAUPORNIA  SECTION. 

The  regular  meeting  was  held  January  21st.  The  paper  for  the  evening 
was  by  Mr.  Walter  A.  Schmidt,  entitled  "Experiences  in  the  War  Zone." 

H.  L.  Paws,  S^cr^tary, 
PITTSBURGH  SECTION. 

The  113th  meeting  was  held  January  21st.  A  symposium  on  iron  and 
steel  analysis  was  held  as  follows:  i.  "Standard  Methods  of  the  U.  S. 
Steel  Corporation  for  the  Commercial  Sampling  and  Analysis  of  Plain 
Steels,"  by  I.  A.  Nicholas,  Chief  Chemist,  Clairton  Works,  U.  S.  Steel 
Corporation.  2.  "The  Construction  of  Laboratory  Electric  Furnaces," 
by  C.  M.  Johnson,  Chief  Chemist,  Park  Works,  Crucible  Steel  Co.  of 
America.  3.  "The  Determination  of  Copper  in  Iron  and  Steel  and  the 
Recovery  of  Molybdic  Add,"  by  W.  D.  Brown,  Chief  Chemist,  Duquesne 
Sted  Works,  Carnegie  Sted  Co.  c.  o.  stoim.  secr^uiry. 

WASHINGTON  SECTION. 

At  the  January  21st  meeting,  the  following  papers  were  given:  "Syn- 
theses of  Methyl  and  Methylamino-purines,"  by  C.  O.  Johns;  "Alfalfa 
Laccase,"  by  H.  H.  Bunzel;  "Concentration  of  Apple  Juice  by  Freezing," 
by  H.  C.  Gore. 
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At  the  February  loth  meeting,  P.  £.  Wright  spoke  on  "The  Petro- 
graphic  Microscope  in  Analysis/'  and  L.  H.  Adams  spoke  on  "  Appiicatioii 
of  the  Interferometer  to  the  Quantitative  Analysb  of  Soitttions." 

B.  C  McKsLTT.  Stattmj. 
RHODB  ISLAND  SECTION. 

At  a  meeting  held  January  aist.  Dr.  Robert  P.  Chambers  addressed 
the  Section  on  "Some  Chemical  Processes  in  Photography." 

At  the  Pebruaty  nth  meeting,  Dr.  M.  L.  Crossley,  of  Wesle3ran  Univer- 
sity, spoke  on  "The  Puture  Development  of  the  Coal-Tar  Products 
Industry  in  America."  nobvam  b.  homt.  Ssaomy. 

WESTERN  NEW  YORK  SECTION. 

The  regular  meeting  was  held  January  22nd.  Mr.  Otto  Mantios 
presented  a  paper  upon  the  subject  "Vacuum  Evaporation." 

MoRTnow  J.  Bkowh.  SwuHbj. 
KANSAS  CITY  SECTION. 

At  a  meeting  held  January  23rd  the  following  addresses  were  given: 
"The  Effect  of  the  War  on  the  Dye  Industry,"  by  Prof.  F.  B.  Dains; 
"Gases  of  the  Mid-continental  Pield,"  by  Prof.  H.  C.  Allen. 

W.  B.  Sumi,  S*a>€tmj. 
CAI^IFORNIA  SECTION. 

The  83rd  meeting  was  held  January  23rd.  The  paper  of  the 
evening  was  "A  Brief  Review  of  the  Work  of  the  Sdby  Smelter  Com- 
mission," by  Ralph  A.  Gould,  Secretary  of  the  Commission. 

Brtamt  S.  Draks.  Siitwtmj. 
CONNECTICUT  VAl,I.EY  SECTION. 

The  29th  meeting  of  the  Section  was  held  at  Middletown,  January 
23rd,  where  Dr.  M.  L.  Crossley  addressed  the  Section  on  "The  Develop- 
ment of  the  Dye  Industry  Abroad,"  and  Dr.  H.  L.  Ward  spoke  on  *'Tbe 
Radio  Elements  and  the  Periodic  Table." 

On  Pebruary  13th  the  Section  inspected  the  plant  of  the  Jewell  Beltiog 
Company  of  Hartford,  and  Mr.  P.  Lee  Mickle  spoke  on  "Modem  Puri- 
fication of  Swimming  Pools."  j.  c.  andrswb.  sur^tmj. 

DETROIT  SECTION. 

At  the  January  29th  meeting.  Dr.  J.  E.  Clark  spoke  to  the  section  on 
"The  Question  of  a  Piltration  Plant  m  Detroit." 

At  the  Pebruary  iSth  meeting,  Mr.  Alexander  Silverman,  Director  of 
the  Department  of  Chemistry,  University  of  Pittsbmgh,  lectured  an 
"The  Chemistry  and  Technology  of  Glass,"  «and  illustrated  his  talk  with 
sUdes  and  specimens.  Bdwaw>  j.  ouncn.  s^€$Mn 

mii^waukee  section. 

The  Section  held  a  meeting  on  January  29th.  Dr.  J.  H.  Mathews,  of 
the  University  of  Wisconsin,  deUvered  an  address  upon  "Some  AdvaooES 
in  Processes  for  Color  Photography,"  illustrated  with  a  number  of 

Bm  L.  SAunoRi. 
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SYRACUSE  SECTION* 

At  the  95th  reguiBT  meeting  of  the  Section,  January  29th,  Dr.  £.  8. 
Johnson,  of  the  Sdvay  Process  Company,  spoke  on  "Aniline  and  its 
Technical  Applications." 

A  special  meeting  was  held  Tuesday,  February  2nd,  when  Dr.  Charles 
L.  Parsons  spoke  on  "Radium." 

The  96th  r^[ular  meeting  was  held  Friday,  February  26th.  Dr.  J.  M. 
Johlin,  of  Syracuse  University,  spoke  on  "Research  Problems  in  the 
Chemistry  of  Forest  Products."  h.  b.  k™»«.  sscr^uiry. 

NSW  HAVBN  SECTION. 

The  annual  meeting  was  held  January  29, 1915,  and  the  following  (^cers 
were  elected:  President,  T.  B.  Johnson;  Vice-PrestdetU,  R.  Van  Name; 
Treasurer f  William  Drushel;  Secretary ,  G.  S.  Jamieson;  Councilor,  B.  W. 
McFarland.  After  the  election,  Mr.  W.  H.  Blauvelt,  consulting  engineer 
for  the  Semet  Solvay  Company,  lectured  on  "The  Carbonization  of  Coal 
in  the  By-Product  Oven."  o.  s.  jammwok.  stcntary, 

AUIBAMA  SECTION. 

The  annual  meeting  was  held  January  30th.  The  following  officers 
were  elected:  President,  Dr.  Stewart  J.  Lloyd;  First  Vice-President, 
Dr.  A.  H.  Olive;  Second  Vice-President,  Dr.  J.  P.  Montgomery;  Secretary- 
Treasurer,  Dr.  A.  R.  BUss,  Jr.;  Councilor,  Dr.  B.  B.  Ross.  The  paper  of 
the  evening  was  "The  Development  of  Chemical  Industry  in  the  South," 

by  Dr.  B.  B.  Ross.  a.  R.  Blim,  J».,  M.D.,  Staretary. 

CINCINNATI  SECTION. 

At  the  196th  regular  monthly  meeting  held  February  3rd,  Dr.  Moses 
Gomberg,  Professor  of  Organic  Chemistry,  University  of  Michigan, 
delivered  a  lecture  on  "The  Existence  of  Free  Radicals." 

S.  J.  Hauuix.  Secrttary. 
CHICAGO  SECTION. 

The  regular  monthly  meeting  was  held  February  5th.  The  paper 
of  the  evening  was  "  Blectro  Chemical  Dualism,  Past  and  Present," 
by  Dr.  Lauder  W.  Jones,  of  the  University  of  Cincinnati.  Dr.  A.  A.  Noyes, 
of  Boston,  was  elected  the  recipient  of  the  Fifth  Willard  Gibbs  Medal, 
and,  in  pursuance  of  the  custom  in  such  event,  Will  lecture  before  the 
Chicago  Section  at  the  May  meeting.  b.  k.  punch.  5«^«i«ry. 

NEW  YORK  SECTION. 

At  a  joint  meeting  of  the  New  York  Sections  of  the  American  Chemical 
Society  and  the  Society  of  Chemical  Industry  on  February  5th,  the  sub- 
ject of  the  evening  was  "The  Electrochemical  Production  of  Organic 
Compounds."    The  speakers  were  F.  A.  Lidbury,  Manager,   Oldbury 
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Electrochemical  Co.,  "The  Commercial  Aspects  of  Organic  Ekctro- 
chemistry;"  Harold  Hibbert,  Mellon  Institute  of  Industrial  Research. 
''The  Technical  Production  of  Iodoform  and  other  Aliphatic  Compounds," 
(illustrated  by  experiments) ;  Geo.  Shannon  Forbes,  Professor  of  Blectio- 
chemistry,  Harvard  University,  "The  Electrolytic  Production  of  Pure 
Coal-Tar  Products,"  (experiments  and  lantern  slides),     c.  m.  j<ncs. 


IOWA  SECTION. 

The  meeting  of  the  Section  was  held  February  6th.    The  (tfogxam  fol- 
lows :    "  Influence  of  Autolysis  on  the  Mycodextran  Content  of  Aspef^gflhis 

Niger,"  by  A.  W.  Dox.  "Observations  on  the  Dudaux  Method  for  De- 
termining Volatile  Aliphatic  Adds,"  by  A.  R.  Lamb.  "Some  Errors  in 
the  Gravimetric  Determination  of  Sulfur,"  by  P.  L.  Blumentfaal.  "Sab* 
ject  Selected,"  by  C.  N.  Kinney.  p.  a.  scam,  s^t^i 


ST.  LOUIS  SBcnoN. 

At  the  meeting  hdd  on  December  14th,  Dr.  L.  McMaster  presented 
a  paper  on  "The  Hydrogenation  of  Oils." 

The  regular  meeting  was  hdd  February  8th.  Dr.  P.  A.  Shaffer  addressed 
the  Section  on  "The  Catabolism  of  Food  Protein  in  the  Animal  Organism." 

Gvo.  Lano,  Jb..  S«a«tmj, 
LEXINGTON  SSCTION. 

At  the  February  loth  meeting,  A.  J.  Kraemer  spoke  on  "The  Hardwood 
Distillation  Industry,"  R.  B.  Taylor  on  "The  Atomic  Weight  of  Cadmium," 
and  C.  B.  Shoemaker  on  "Acetylene  Solvents." 

The  following  ofGicers  have  been  dected  for  the  year:  Chairman^ 
Dr.  R.  N.  Maxon;  First  Vice-President,  Dr.  G.  Ryland;  Second  Vice- 
President,  Dr.  W.  S.  Anderson;  Councilor,  Dr.  A.  M.  Peter;  and  Secretary, 

Dr.  It,  C.  Damds.  I^.  C.  Daiosia  Set^wtmry. 

MARYLAND  SECTION. 

The  5th  regular  meeting  was  hdd  February  13th.  Prof.  Harry  C.  Jooes» 
of  Johns  Hopkins  University,  addressed  the  Section  on  "The  Solvate 
Theory  of  Solution."  i^mjMK.  m.  botlbs.  SMmmy. 

CLEVELAND  SECTION. 

At  the  regular  meeting  hdd  February  15  th  a  talk  was  given  on  "  Nottoo 
Laboratory  Products."  w.  r.  biffs*,  s^etsn 


DECEASED. 

Birley,  R.  K.,  Manchester,  England,  in  December,  1914. 
Crumbie,  William  D.,  East  Orange,  N.  J.,  on  January  16,  1915. 
Eckhardt,  Dr.  F.,  Grasseli,  New  Jersey,  in  April,  191 4. 
Stiles,  W.  M.,  Long  Island  City,  New  York. 


iMued  with  the  April  Nambtf.  1915. 


Proceedings. 


COUNCIL. 

President  Herty  appointed  Professors  M.  C.  Whitaker  and  Joseph  W. 
Richards  as  delegates  of  the  American  Chemical  Society  to  the  meeting 
of  the  American  Institute  of  Mining  Engineers  held  in  New  York  City, 
February  17-19,  1915. 

MEMBERS  ELECTED  BETWEEN  FEBRUARY  15TH  AND  MARCH  15TH,  1915. 

Aisen,  Maurice,  616  So.  Michigan  Ave.,  Chicago,  111. 
Angus,  William,  514  Molino  St.,  Los  Angeles,  Calif. 
Bartlett,  Edward  E.,  241  McKee  PL,  Pittsburgh,  Pa. 
Bennett,  W.  Edgar,  Reed  College,  Portland,  Ore. 
Bohn,  Ralph  M.,  222  Spooner  St.,  Madison,  Wise. 
Brock,  Clarence  S.,  320  Martin  St.,  Youngstown,  Ohio. 
Broughton,  L.  B.,  College  Park,  Md. 
Brunn,  M.  A.,  Cr.  General  Chemical  Co.,  East  St.  Louis,  111. 

Burden,  I.  Townsend,  65  East  78th  St.,  New  York  City. 

Carver,  Emmett  K.,  7  Kirkland  Rd.,  Cambridge,  Mass. 

Castle,  Edward  A.,  350  N.  Clark  St.,  Forest  Park,  Chicago,  111. 

Charron,  A.  T.,  Provincial  Lab'y,  St.  Hyacinthe,  P.  Q.,  Canada. 

Christie;  Ralph  E.,  536  S.  Hope  St.,  Los  Angeles,  Calif. 

Craig,  S.  J.,  Lake  Forest,  111. 

Crebs,  W.  D.,  The  Beaver  Soap  Co.,  Dayton,  Ohio. 

Curtis,  Frederick  A.,  Aetna  Paper  Co.,  Dayton,  Ohio. 

Cutler,  John  B.,  2677  Hudson  Blvd.,  Jersey  City,  N.  J. 

Darlington,  Irwin  T.,  215  West  23d  St.,  New  York  City. 

Das  Gupta,  J.  C,  907  N.  University  Ave.,  Ann  Arbor,  Mich. 

Day,  Robert  V.,  602  Lissner  Bldg.,  Los  Angeles,  CaUf. 

De  Lemon,  H.,  Cr.  Royal  Baking  Powder  Co.,   looi  Independence 
Blvd.,  Chicago,  111. 

Dicken,  Clinton  O.,  5302  EUis  Ave.,  Chicago,  111. 

Dulin,  R.  S.,  997  Cleveland  Ave.,  Portland,  Ore. 

Egerey,  Grete,  Goucher  College,  Baltimore,  Md. 

Eichenbaum,  Bertha  (Miss),  Coming  High  School,  Coming,  Ohio. 

Estabrook,  A.  W.,  710  Wyandotte  St.,  Kansas  City,  Mo. 

Faust,  Henry  L.,  137  Clinton  St.,  Schenectady,  N.  Y. 

Fitch,  Roy  O.,  Y.  M.  C.  A.,  Washington,  D.  C. 

Fleming,  Carl,  809  W.  Grace  St.,  Richmond,  Va. 

Forward,  Charles  C,  Inland  Revenue  Dept.  Lab'y,  50  Bedford  Row, 
Halifax,  N.  S.,  Canada. 

Gedney,  Mary  A.  (Miss),  1952  Monroe  St.,  Chicago,  111. 

Glass,  Laurence  G.,  603  Queens  Ave.,  London,  Ont.,  Canada. 

Godshalk,  E.  G.,  Cr.  Bartlesville  Zinc  Co.,  CoUinsville,  Okla. 

Greenleaf,  Ralph  R.,  15  Nichols  St.,  North  Wobum,  Mass. 

Grigsby,  Harry  D.,  1736  Hewitt  Ave.,  Cincinnati,  Ohio. 

Hansen,  Hugo  V.,  75  James  St.,  Bloomfield,  N.  J. 

Heath,  Fay  R.  (Miss),  Des  Moines  College,  Des  Moines,  Iowa. 

Hocker,  Ivan  S.,  1717  S.  St.,  N.  W.,  Washington,  D.  C. 
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Holt,  Alfred,  Muspratt  Lab'y,  University,  Liverpool,  EngiancL 

Housel,  Edward  O.,  1105  Arbor  St.,  Champaign,  111. 

Howell,  Wm.  O.,  4310  Pine  St.,  Philadelphia,  Pa. 

Hunt,  Louis  W.,  Central  Y.  M.  C.  A.,  Cleveland,  Ohio. 

Johnson,  F.  S.,  Coalton,  Randolph  Co.,  West  Va. 

Kaufmann,  Gustav,  432  Glennwood  Ave.,  Ambridge,  Pa. 

Kennard,  Ralph  B.,  501  W.  iioth  St.,  New  York  City. 

Kern,  Erwin  J.,  1034  First  St.,  Milwaukee,  Wise. 

Kinziej  Charles  J.,  Lewiston,  Niagara  County,  N.  Y. 

Knight,  Harold  P.,  Death  Valley  Junction,  Inyo  Co.,  Calif. 

Kolar,  Gustav  S.,  Seeley  Ave.  &  Madison  Sts.,  Chicago,  111. 

MacNaughton,  M.  Cameron,  31  Clinton  Ave.,  Jersey  City,  N.  J. 

Magill,  A.  C,  1428  Bessie  St.,  Cape  Girardeau,  Mo. 

May,  R.  Darwin,  1807  4th  St.,  S.  E.,  Minneapolis,  Minn. 

McClung,  John  R.,  Sewanee,  Tenn. 

McLeod,  WiUiam  G.,  Hartsville  Oil  Mill,  Hartsville,  So.  Car. 

Michael,  George  L.,  557  West  148th  St.,  New  York  City. 

Middlemass,  A.  T.  A.  D.,  59  Promenade,  Portobello,  Midlothian,  Scot* 
land. 

Miller,  Edgar  G.,  Jr.,  437  W.  59th  St.  New  York  City. 

Minchivitz,  Ernest  U.,  315  West  37th  St.,  Los  Angeles,  Calif. 

Mitchell,  Robert  W.,  53  Park  Ave.,  Winthrop,  Mass. 

Moore,  Merle  M.,  El  Segundo,  Calif. 

Nesbitt,  Charles  E.,  13 14  Penn  Ave.,  Wilkinsburg,  Pa. 

Norton,  Karl  B.,  Hastings-on-Hudson,  N.  Y. 

Otting,  H.  E.,  143 1  Neil  Ave.,  Columbus,  Ohio. 

Paine,  Harry  M.,  1725  Wilson  Ave.,  Chicago,  111. 

Patterson,  J.  Edw.,  618  Park  Ave.,  Pensauken  (Merchantville  P.  O.), 
N.J. 

Perez,  R.  A.,  120  North  Main  St.,  Los  Angeles,  Calif. 

Phair,  Robert  A.,  398  17th  St.,  Brooklyn,  N.  Y. 

Plumstead,  Joseph  E.,  20  Prospect  Ave.,  Rumford,  Maine. 

•Rippel,  B.  G.,  941  West  Ave.,  Buffalo,  N.  Y. 

Rubin,  Louis,  409  Decatur  St.,  Brooklyn,  N.  Y. 

Scarbrough,  Lewis  A.,  521  Lowerline  St.,  New  Orleans,  La. 

Schanfelberger,  William  M.,  Stanford  University,  Calif. 

Seitz,  Julius  E.,  Jr.,  184  Hunterdon  St.,  Newark,  N.  J. 

Shoaff,  Paul  S.,  1420  W.  47th  St.,  Los  Angeles,  Calif. 

Sklarz,  Leo,  556  West  i8ist  St.,  New  York  City. 

Smith,  Harold  A.,  Reed  College,  Portland,  Ore. 

Stapler,  William  W.,  35  E.  Springfield  Ave;,  Champaign,  III. 

Strack,  Wallace  D.,  108  Hudson  St.,  New  York  City. 

Strickland,  Franklin  N.,  4  Market  Sq.,  Providence,  R.  I. 

Thompson,  R.  C,  Carnegie  Steel  Co.,  Ningo  Junction,  Ohio. 

Thorn,  Godfrey  R.,  Alpha  Tau  Omega  House,  State  College,  Pa. 

Volk,  Karl  E.,  Cr.  The  Amer.  Agric.  Chem.  Co.,  St.  Bernard,  Ohio. 

Way,  Pennock  M.,  1906  Sansom  St.,  Philadelphia,  Pa. 

Whitney,  V.  E.,  Iowa  State  College,  Ames,  Iowa. 

Whitney,  W.  L.,  Cr.  U.  S.  Graphite  Co.,  Saginaw,  Mich. 

Wielmann,  Hugo  J.,  U.  S.  Food  Inspection  Lab*y»  518   Tabor  Open 
House,  Denver,  Colo. 

Yanovsky,  Elias,  Bureau  of  Chemistry,  Washington,  D.  C. 
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MEETINGS  OF  THE  SECTIONS. 

[Poll  accounts  of  all  meetings  should  be  sent  to  Secretary  Charles  h.  Parsons, 

BoK  505,  Washington,  D.  C]  -  t 

NASHVItlfE  SECTION. 

The  thirty-first  meeting  was  held  Friday,  Feb.  19th.  The  program 
included  the  following  paper:  *The  Use  of  Methyl  Sulfate  in  the  Prepara- 
tion of  Some  Mixed  Bthers  and  Esters/'  by  Victor  P.  Lee. 

The  thirty-second  meeting  of  the  Section  was  held  March  19th.  Pro- 
gram: "The  Tennessee  Food  and  Drug  Dept.  and  the  Laws  underwits 
Administration,"  by  Mr.  D.  L.  Weatherhead.  vxctok  p.  lb«,  Secretsry. 

PHILADELPHIA  SECTION. 

The  regular  meeting  was  held  March  i8th.  Program:  A  paper  on 
"The  Fixation  of  Atmospheric  Nitrogen,"  by  W.  S.  Landis,  Chief  Tech- 
nologist of  the  American  Cyanamid  Company.         c.  s.  bxzmton.  Secretary, 

ROCHESTER  SECTION. 

The  regular  meeting  was  held  March  ist.  Prof.  M.  C.  Whitaker  of 
Columbia  University  spoke  on:  ''Relations  of  the  Chemical  Profession 

to  Public  Problems."  .      . 

.  •  » 

The  regular  meeting  was  held  March  15th.  The  Section  met  in  con? 
jtmcticm  with  the  Rochester  Electroplaters'  Society,  and  the  evienil^ 
was  devoted  to  the  discussion  of  electroplating  proUems  frcnn  the  standf- 
point  of  the  electroplater  and  chemist.  h.  h.  T<ni«R.  sec^^uryi    *( 

?  .  ' 

MINNESOTA  SECTION. 

The  Section  met  Fieb.  19th.  Prof.  L.  J.  Henderson  of  Harvard  Uni- 
versity lectured  on  'The  Fitness  of  the  Environment." 

The  Section  met  March  19th.  Supt.  Louis  I.  Birdsall  of  the  Minneapolis 
Filtration  Plant  gave  an  illustrated  lectiue  on  "Water  Purification." 

Stskuno  Tbmpls,  Secretary, 
NEBRASKA  SECTION. 

The  seventy-third  regular  meeting  of  the  Section  was  held  November 
7th.  Program:  "The  Preparation  and  Use  of  Ammonium  Citrate  Solur 
tion  in  Fertilizer  Analysis,"  by  Dr.  H.  H.  Hosford. 

The  February  meeting  of  the  Section  was  held  during  the  week  of 
Feb.  8th  to  Feb.  12th.  The  program  consisted  of  a  series  of  five  lectxifes 
on  "Colloid  Chemistry  in  the  Service  of  Biology  and  Medicine,"  by 
Dr.  Martin  H.  Fischer,  Professor  of  Physiology  in  the  University  of 

Cincinnati.  H.  M.  plum.  Secretary. 


38 

OREGON  SGCnON. 

The  nineteenth  regular  meeting  was  held  February  27th.  The  fdHowing 
papers  were  presented:  ''The  Bacterial  Count  of  Milk,"  by  S.  A.  M^ 
Queen;  "The  Chemical  Methods  for  the  Examination  of  Milk/'  by  A.  S. 

Wells.  F.  A.  Olmstsd.  S0€r€imy. 

uNivBRsmr  OF  Illinois  sbction. 

The  regular  meeting  was  held  March  i6th.  Program:  "The  Structure 
of  Certain  Reduced  Naphthoic  Acids/'  by  C.  G.  Derick  and  O.  Kanini; 
"Oxygen  Place  Influence  in  Saturated  Monobasic  Paraffin  Acids/'  bj 
C.  G.  Derick  and  St.  Elmo  Brady;  "The  Value  of  Inspecticm  Trips  in  the 
Training  of  a  Chemist/'  by  D.  F.  McParland.  gbo.  d.  bbal.  Setrtaary 

W8STBRN  NEW  YORK  SECTION. 

The  regular  meeting  was  held  March  loth.  Mr.  Albert  H.  Hooker 
presented  a  paper  upon  the  subject:  "The  Settling  of  Suspended  Solids 
with  Partictdar  Reference  to  the  Sedimentation  of  'Sludge'  from  Bleaching 
Powder  Solutions."  mobtiicsr  j.  bkowm. 


CINCINNATI  SECTION. 

Theone  htmdred  and  ninety-seventh  regular  meetingwasheld  March  loth. 
The  following  papers  were  presented:  "The  Cotton-seed  Ofl  Industry," 
by  Mr.  H«  J.  Morrison;  "The  Methods  of  Saponification  of  Pats/'  by  Mr. 
M.  B.  Graff;  "A  Discussion  of  the  Theoiy  of  Saponification/'  by  Mr. 
Bnist  Twitdtdi;  "An  Interpretation  of  the  Properties  of  Free  Radicab 
in Termsof  the  Electronic  Conception  of  Positive  and  Negative  Valences,'* 
by  Dr.  H.  S.  Fry.  stbthak  j. 


NEW  HAVEN  SECTION. 

The  meeting  was  held  Feb.  26th.  Prof.  Charles  Badcerville  gave  a 
lecture  on  "Physical  Chemistry  and  Anaesthesia." 

OsoKOB  S.  jAimaoN,  5<crii>wj. 
WASHINGTON  SECTION. 

The  two  hundred  and  forty-sixth  meeting  was  held  March  nth.  Pro- 
gram: W.  D.  Bigelow,  of  the  National  Canners  Association  Research 
Laboratory:  "A  Discussion  of  Some  of  the  Problems  and  Difficulties  of 
the  Canning  Industry,"  illustrated  by  moving  pictures. 

The  two  hundred  and  forty-seventh  meeting  (special)  was  held  March 
17th.  Program:  W.  S.  Landis  of  the  American  Cyanamid  Company: 
"The  Fixation  of  Atmospheric  Nitrogen."  e.  c.  mckblw.  S4cr€tary. 

WISCONSIN   SECTION. 

The  March  meeting  was  held  March    nth.     Professor  Lawrence  J. 
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Henderson  of  Harvard  University  spoke  on  "The  Fitness  of  the  En* 
vironment — ^The  Biological  Significance  of  the  Properties  of  Matter." 

A.  B'  iCosNio.  Secrtlary. 
CHICAGO  SECTION. 

At  the  reg^ular  meeting  held  March  12th,  Dr.  Edward  Gudeman  gave  a 
paper  on  "Standards  of  Beer  versus  Milk."  d.  k.  Pkvncb.  Surttary, 

DBTROrr  SBCTION. 

The  regular  meeting  was  held  March  i8th.  Mr.  Chas.  T.  Bragg  of 
Berry  Bros,  delivered  a  lecture  on  "The  Manufacture  of  Varnish,"  de- 
scribing the  process  from  the  gathering  of  the  gums  to  the  finished  product, 
illustrated  by  ntunerous  lantern  slides.  Bdwaxd  j.  oittscss.  Stcntary. 

CI<BVBI^AND  SBCTION. 

The  reg^ar  meeting  was  held  at  the  City  Club,  March  8th.  Dr. 
O.  F.  Tower  of  Adelbert  College  presented  a  paper  on  "The  Measine- 
ment  of  Vapor  Pressure  of  Solutions."  Dr,  W.  B.  Cleveland  of  the 
Upson  Nutt  Co.  spoke  on  "The  Rapid  Determination  of  Carbon  in  Steel." 

W.  R.  BxrPSK,  SeerHary. 
MARYLAND  SBCTION. 

The  sixth  regular  meeting  was  held  March  13th.  Program:  Dr.  L.  O. 
Kotmtree,  Dr.  E.  L.  Levy  and  Dr.  W.  McK.  Marriott,  of  the  Johns  Hop- 
kins Hospital:  "The  Reaction  of  the  Blood,  its  Significance  and  Determina- 
tion;" S.  T.  Powell  of  the  Balto.  Coimty  Water  and  Electric  Co.:  "The 
Baltimore  County  Water  Supply."  pmahk  m.  botlw.  sscr^tary. 

CONNBCTICUT  VALLBY  SBCTION. 

The  thirty-first  meeting  was  held  March  6th.  Mr.  Amos  Bissell,  of 
the  Essex  Varnish  Company,  addressed  the  Section  on  "Varnishes  and 

Japans."  j.  c.  Amdmcwb.  Stcrttary. 

PUGBT  SOUND  SBCTION. 

The  monthly  meeting  was  held  February  27th.  The  address  of  the 
evening  was  by  Mr.  O.  P.  M.  Goss  of  the  Associated  Creosoting  Com- 
panies, on  "Creosote  and  its  Use  in  the  Preservation  of  Timber." 

H.  h'  TmuMBxnx,.  Seerttary. 
SOUTHBRN   CAtlPORNIA  SBCTION. 

The  regular  monthly  meeting  was  held  February  i8th.  The  paper 
for  the  evening  was  by  Dr.  Julius  Koebig,  on  "Prospects  of  a  Chemical 
Industry  in  Southern  California."  h.  l.  payiw,  s*€reiary. 

UNIVBRSITY  OF  MICHIGAN  SBCTION. 

The  regular  meeting  was  held  February  i8th.  Prof.  J.  O.  Schlotter- 
beck  addressed  the  Section  on  "The  Manufacttne  of  Grape  Juice." 

H.  H.  WiLi^AKD.  Secretary. 
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COLUMBUS  SECTION. 

The  regular  meeting  was  held  Pebruary  19th.  Dr.  Benjamin  T.  Bnnb 
of  the  Mellon  Institute,  University  of  Pittsburgh,  addressed  the  Sectkn 
on  "The  Manufacture  of  Perfumes  and  Essential  Oils." 

Wk.  J.  MgCaoobct.  StaOtn- 
LOUISIANA  SECTION. 

The  eighty-third  meeting  was  held  Pebruary  19th.  Program:  Rqxits 
of  Committee  Chairm/en  in  connection  with  the  Spring  Meeting  of  tbe 
American  Chemical  Society.  A  moving  picture  of  the  German  Po(a^ 
Mines  and  the  "Manufacture  of  Potash  Salts,"  by  Dr.  P.  Zerbao,  Dis- 
trict Representative  of  the  German  Kali  Syndicate. 

p.  W.  Lixpsmtt.  Secy.'TrmL 
LEXINGTON  SECTION. 

The  Section  held  its  twenty-third  regular  meeting  March  nth.  Pio- 
gram:  ''Decomposition  Voltage  of  Salts  in  Liquid  Ammonia  and  Some 
Products  of  Electrolysis  of  Ammonia  Solution,"  by  C.  A.  Nash;  "Son 
Important  Constituents  of  the  Osage  Orange,"  by  J.  S.  McHargue. 

L.  C.  DAMisUk  Sttrotn. 
NORTHEASTERN  SECTION. 

The  Section  held  a  meeting  Pebruary  19th.  Professor  P.  J.  Moor  of 
the  Massachusetts  Institute  of  Technology  delivered  an  address  01 
"The  Successful  Application  of  the  Organic  Point  of  View  to  the  Stodr 
of  Inorganic  Chemistry,  as  Exemplified  by  Some  of  Werner's  Reoc^ 
Triumphs."  oumcsu.  joi 


PITTSBURGH  SECTION. 

The  one  hundred  and  fotuteenth  r^ular  meeting  was  held  Pdmaif 
1 8th.  Program:  "The  Behavior  of  Substances  under  Very  Great  Tut 
sures,"  by  Dr.  P.  W.  Bridgman,  Harvard  University. 

A  special  meeting  was  held  March  12th.  Mr.  William  A.  Booth  ^»fe 
on  ''The  Chemist  in  Relation  to  Industrial  Water  Purification." 

The  one  hundred  and  fifteenth  meeting  was  held  Match  i8th.  Fn^ 
gram:  ''A  Rational  Process  of .  Practional  Distillation,"  by  Profcssfi 
M.  A.  Rosanoff,  MeUon  Institute,  University  of  Pittsburgh. 

C.  G.  Stokm,  S4entar% 
NORTHERN   INTERHOUNTAIN  SECTION. 

The  Section  held  its  third  meeting  of  the  3^ear,  Pebruary  13th.  Tk 
program  was  as  follows:  Address  by  Pres.  E.  A.  Bryan,  W.  S.  C;  *TV 
Influence  of  Irrigation  on  Protein  Content  of  Wheat,  by  Prof.  J.  S.  Ja 
and  H.  P.  Pishbum,  of  U.  of  I.;  ''Nitrate  Studies,"  by  Mr.  H.  P.  Hate 
W.  S.  C;  "A  Brief  Review  of  Recent  Investigations  on  Vitamines,"  If 
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Mr.  H.  A.  Hdaday,  U.  of  I.;  "The  Effect  of  the  War  on  the  American 
Chemical  Industry,"  by  Dr.  J.  Kostalek,  U.  of  I. 

Gao.  A.  OuoM,  Secretwy. 
CALIFORNIA  SECTION. 

The  eighty-fourth  regular  meeting  was  held  March  6th.  The  paper 
of  the  evening  was:  ''Industrial  Water  Purification,"  by  Dr.  Otto  Best. 

Bkyamt  S.  Dkaks,  Secretory. 
NBW  YORK  SBCTION. 

On  page  3,  March  Proceedings,  it  shotdd  have  been  added  that  the 
joint  meeting  included  the  American  Electrochemical  Society  also,  and 
that  the  joint  meeting  was  arranged  through  Dr.  C.  G.  Fink,  its  Chairman. 

The  fifth  regular  meeting  of  the  session  of  1914-15  was  held  March  5th. 
Program:  Introductory  Remarks  and  Award  of  the  William  H.  Nichols 
Medal  to  Dr  Irving  Langmuir,  by  Chairman  Rogers.  Dr.  Langmuir 
then  delivered  an  address  on  ''Chemical  Research  at  Low  Pressures." 
The  following  officers  were  elected,  their  terms  to  begin  at  the  June  meet- 
ing: Chairman,  T.  B.  Wagner;  Vtce-Chairfnan,  K.  G.  Palk;  Sec-Treas., 
C.  M.  Joyce;  Executive  Committee ,  AUen  Rogers,  B.  C.  Hesse,  D.  D. 

Jackson,  J.  M.  .Matthews.  C.  M.  Joycb,  Secretary. 

MAINE  SECTION. 

The  annual  meeting  of  the  Section  was  held  in  December,  and  the  fol- 
lowing papers  were  presented:  "American  Chemical  Industry  as  Aflfected 
by  the  War,"  by  Dr.  R.  H.  McKee,  University  of  Maine;  "Chemical 
Method  of  Gauging  Tiu*bine  Discharge,"  by  Professor  Chester  Andrews, 
University  of  Maine.  The  following  officers  were  elected  for  the  coming 
year:  President,  W.  V.  Wentworth,  Penobscot  Chemical  Fiber  Company, 
Great  Works,  Maine;  Vice-President,  Mr.  A.  B.  Andrews,  Androscoggin 
Chemical  Company,  Lewiston,  Maine;  Secretary  and  Treasurer,  Prof. 
E.  O.  Whittier,  University  of  Maine,  Orono;  Councilor,  Dr.  R.  H.  McKee, 

University  of  Maine,  Orono.  H.  H.  Hanson.  Secretary, 

ST.   LOUIS  SECTION. 

The  March  meeting  of  the  Section  was  held  March  8th.  The  papers 
presented  were:  "The  Acetolysis  of  Carbohydrates,"  by  Dr.  Sidney  Bom; 
"Yeasts  Having  Unusual  Properties,"  by  Geo.  Lang,  Jr. 

Gbo.  Lano,  Jk..  Secretary. 
KANSAS  CITY  SECTION. 

At  the  regular  meeting  held  February  13th,  the  program  was  as  follows: 
"Chemistry  of  Sewage  Purification,"  by  F.  W.  Bruckmiller;  "The  Manu- 
facture of  Clay  Pipes,"  by  Benjamin  Brooks. 

The  March  meeting  was  held  in  conjunction  with  the  Chemical  Engi- 
neers of  University  of  Kansas,  March  12.    The  program  was  as  follows: 
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"The  Technology  of  Qay  Refractories,"  Paul  Teetor;  "Rode  Salt  Mm; 
in  Kansas/'  Sam  Ainsworth;  "The  Chemist  in  Commerce,"  Rudolph 
Hirsch;  "Manufactm-e  of  Portland  Cement,"  Chris  Goll;  "The  MOk 
Problem  of  Kansas  City,"  Mrs.  George  N.  Hoxie.       w.  b.  smzto.  s^mv?. 

SOUTH  CAROLINA  SECTION. 

At  the  regular  meeting  held  in  March,  the  following  officcn  woe 
elected  to  serve  during  the  ensuing  year:  President,  J.  E.  MiDs;  Vice- 
President,  R.  N.  Brackett;  Secretary -Treasurer ,  A.  C.  Summers;  Camidbr, 
Boyden  Nimms.  The  following  papers  were  presented:  'Tltratioa 
Method  of  Determining  Neutrality  of  Ammonium  Citrates,"  C.  S.  Lybs; 
"Determination  of  Sulfur  in  Pyrites  by  the  Allen  and  Bishop  Method," 
J.  T.  Foy;  ''Effect' of  Mixing  Ground  Limestone  with  Acid  Phosphate," 
B.  Freeman;  "Urine  Analysis,"  B.  F.  Robertson;  "The  Internal  Pressure 
in  a  Liquid  and  a  Gas,"  and  "A  Question  Regarding  the  Kinetic  Theory 
of  Gases,"  J.  E.  Mills;  "Some  Chemical  and  Agricultural  Effects  of  Cal- 
cium Cyanamid  When  Used  as  an  Ingredient  in  Mixtures  of  Complete  Ferti- 
lizers Containing  Acid  Phosphate,"  C.  J.  King;  "Abstract  of  Report  of 
Referee  Nitrogen  Determination,  A.  O.  A.  C,"  R.  N.  Brackett. 

A..  C.  Smmis,  Sunm. 
DSCEASSD. 

Sommer,  Richard,  Milwaukee,  Wis.,  February  ii,  19 15. 


THE  ANNUAL  TABLES  OF  CONSTANTS  AND  NUMERICAL 
DATA  can  be  f lunished  in  different  parts  of  Volume  Ut,  bound  separatdy 
in  boards,  as  follows:  (a)  Spectroscopic,  $2.00;  (6)  Electridtc,  etc.. 
$2.00;  (c)  Radioactivite,  etc,  I0.50;  (d)  Cristallographie,  etc.,  $oA); 
(e)  Biologic,  $0.80;  (J)  Metalltu-gie,  etc.,  $2.00.  Postage  is  extra.  Address 
University  of  Chicago  Press. 


Israed  with  the  May  Number.  1915. 


Proceedings. 


GENERAL  MEET^G. 

The  Fiftieth  Meeting  of  the  American  Chemical  Society  was  held  in 
New  Orleans,  Louisiana,  March  31  to  April  3,  1915.    For  the  most  part, 
the  members  reached  New  Orleans  during  the  morning  of  March  31st 
and  spent  some  hours  in  viewing  the  unique  attractions  of  the  city.    At 
4..30  P.M.,  250  members  and  guests  boarded  a  steamer  for  a  trip  down  the 
Alississippi  River,  the  usual  complimentary  smoker  being  held  on  the 
boat.     The  smoker  was  one  of  unusual  attractions,  the  long  cabin  of  the 
boat  being  festooned  with  Spanish  moss  and  laurel  and  various  Southern 
evergreens,  making  a  very  attractive  scene.    The  evening  was  enlivened 
by  music  from  two  orchestras  and  a  vaudeville  troupe.    The  boat  returned 
to  New  Orleans  in  time  for  the  Council  meeting  held  at  ten  o'clock  p.m. 
at  the  Hotel  Grunewald.     On  Thursday  morning,  April  ist,  after  ad- 
dresses of  welcome  by  Hon.  Martin  Q^hrman,  Mayor  of  New  Orleans, 
and  President  Robert  Sharp  of  Tulane  University,  and  an  appropriate 
response  from  President  Charles  H.  Herty,  of  the  Society,  the  General 
.Meeting  was  called  to  order.     Professor  Alfred  Werner,  of  the  University 
of  Zurich,  having  been  duly  nominated  and  having  received  a  majority 
vote  of  the  Council,  was  elected  to  Honorary  Membership  in  the  Society. 
*  The  meeting  then  listened  to  an  address  by  A.  D.  Little  on  "The  Industrial 

Resources  and  Opportunities  of  the  South."     Following  this  address, 

the  Industrial  Divisioh'held  a  public  symposium  throughout  the  day, 

presenting  the  following  papers,  all  of  which,  with  the  exception  of  the 

paper  by  H.  A.  Huston,  have  been  printed  in  the  April,  1915,  issue  of  the 

Journal  of  IndustricU  and  Engineering  Chemistry: 

"Contributions  of  the  Chemist  to  the  Wine  Industry,*'  by  Chatles  S. 

Ash,  Consulting  Chemist. 

'*  Contributions  of  the  Chemist  to  the  Copper  Industry,"  by  J.  B.  F. 

Herreshoff,   Vice-president   Nichols   Copper   Company   and   Consulting 

Engineer  General  Chemical  Company. 

"Contributions  of  the  Chemist  to  the  Com  Products  Industry,"  by 

E.  T.  Bedford,  President  Com  Products  Refining  Company. 

"Contribution  of  the  Chemist  to  the  Asphalt  Industry,"  by  James 

Lewis  Rake,  Secretary  The  Barber  Asphalt  Paving  Company. 

"Contributions  of  the   Chemist  to  the    Cottonseed    Oil    Industry," 

by  David  Wesson,  Manager  of  the  Technical  Department,  Southern 

Cotton  Oil  Company. 

"Contributions  erf  the  Chemist  to  the  Cement  Industry,"  by  G.  S. 

Brown,  President  Alpha  Portland  Cement  Company. 


*^  Contributions  of  the  Chemist  to  the  Sugar  Industry,"  by  W.  D, 
Home,  Consulting  Chemist. 

**  Contributions  of  the  Chemist'  to  the  Incandescent  Gas  Mantk  In- 
dustry/* by  Sidney  Mason,  President  of  the  Welsbach  Company. 

**  Contributions  of  the  Chemist  to  the  Textile  Industry,"  by  FnmkfiB 
W.  Hobbs,  President  Arlington  Mills,  and  Past  President  American  Cotton 
Manufacturers'  Association. 

•'Contributions  of  the  Chemist  to  the  Fertilizer  Industry,"  by  E 
Walker  Wallace,  Manager  General  Sales  Department  Viiginia-Caidiflft 
Chemical  Company. 

*'  Contributions  of  the  Chemist  to  the  Soda  Industry,"  by  F.  R.  Hazard, 
President  of  the  Solvay  Process  Company. 

"Contributions  of  the  Chemist  to  the  Leather  Industry,"  by  WiDiaa 
H.  Teas,  President  Marion  Extract  Company. 

''Contributions  of  the  Chemist  to  the  Flour  Industry,"  by  Jolm  \. 
Wessener  and  George  L.  Teller,  Consulting  Chemists. 

"Contributions  of  the  Chemist  to  the  Brewing  Industry,"  by  Gastoa 
D.  Thevenot,  Consulting  Chemist. 

"Contributions  of  the  Chemist  to  the  Preserved  Foods  Industry," 
by  R.  I.  Bentiey,  Vice-President  and  General  Manager  California  Frait 
Canners*  Association. 

"Contributions  of  the  Chemist  to  the  Potable  Water  Industry,"  bv 
Wm.  P.  Mason,  Professor  of  Chemistry,  Rensselaer  Polytechnic  Institute. 

"Contributions  of  the  Chemist  to  the  Celluloid  and  NitrooeDulose 
Industry,'*  by  R.  C.  Schupphaus,  Consulting  Chemist. 

"Contributions  of  the  Chemist  to  the  Glass  Industry,"  by  A.  A.  Hougb* 
ton,  Vice-President  Coming  Glass  Works. 

"Contributions  of  the  .Chemist  to  the  Pulp  and  Paper  Industry,"  br 
F.  L.  Moore,  President  American  Paper  and  Pulp  Association. 

"The  Stassfurt  Potash  Industry,"  by  H.  A.  Huston.  Illustrated  with 
moving  pictures. 

A  compUmentary  luncheon  was  served  at  the  Tulane  Refectoiy,  die 
University  being  host.  On  Thursday  evening  a  pubUc  address  to  the  pcopk 
of  New  Orleans  by  Bemhard  C.  Hesse,  entitled  "The  Chemists'  Ccb- 
tribution  to  the  Industrial  Development  of  the  United  States — A  Reood 
of  Achievement,"  was  given  at  the  Hotel  Grunewald,  a  large  attendance 
being  present.  On  Friday,  Divisional  meetings  were  held,  before  wfakh 
153  papers  were  presented.  The  details  of  these  papers  and  a  further  de- 
scription of  the  meetings  will  be  found  in  the  May  issue  of  the  Jaitrmai 
of  Industrial  and  Engineering  Chemistry.  Friday  evening  a  subsa^ytioa 
dinner  was  held  at  the  Restatuant  de  la  Louisiane,  which  will  long  be 
remembered  by  those  present  for  the  charming  company  and  the  Cmk 
cuisine.    On  Sattu-day  one  htmdred  of  the  members  took  a  ^)ecial 
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to  Week's  Island  and  visited  the  famous  salt  mine  of  the  Myles  Salt  Co. 
The  train  went  through  the  bayou  region  of  Louisiana,  made  famoui'hy 
Longfellow's  poem  ''Evangeline."  The  newly  planted  sugar  fields  and 
the  swamps  with  their  Spanish  moss  and  the  early  tropical  herbage  were 
attractive  to  all.  The  mine,  which  is  an  imusual  one,  was  entered  by  a 
shaft  600  feet  deep,  the  bottom  of  which  opened  into  galleries  cut  in  solid 
salt  many  hundred  feet  long  and  85  high  by  85  feet  wide,  entirely  unsup- 
ported by  timbers.  The  salt,  approximately  99.9%  pure,  is  simply 
blasted  out,  carried  to  the  stuiace,  screened  to  various  sizes,  and  placed 
on  the  market.  The  party  returned  to  New  Orleans  in  time  to  catch  the  * 
evening  trains.  Many  ladies  were  present  at  the  meeting  and  under  the 
charge  of  the  Committee,  of  which  Mrs.  B«  J.  Northrup  was  Chairman, 
received  many  attentions  from  the  people  of  New  Orleans.  The  ladies 
were  present  at  the  smoker  and  at  the  banquet,  took  the  salt  mine 
excursion,  were  given  a  special  trip  through  the  Vieux  Carr^  and  to 
the  Newcomb  Pottery,  and  had  a  dinner  of  their  own  at  one  of  the  famous 
local  restatu'ants.  One  himdred  and  seventy-five  members  and  approxi- 
mately one  hundred  and  twenty-five  guests  were  present,  so  that  the  meet- 
ing was  a  very  successful  one  from  the  pomt  of  ntunbers,  considering  the 
distance  of  New  Orleans  from  the  chemical  center  of  the  country. 

Meetings  of  the  following  Divisions  were  held.  Full  program  will 
be  given  in  May  issue  of  the  Journal  of  Industrial  and  Engineering  chem^ 
istry. 

Industrial  Chemists  and  Chemical  Engineers.  H.  E.  Howe,  in  the 
absence  of  the  Chairman,  was  in  charge.  The  following  committees  were 
appointed: 

Committee  on  Standard  Specifications  and  Methods  of  Analysis: 
(Chairman  not  selected)  A.  M.  Comey,  J.  O.  Handy,  Robert  Job,  F.  G. 
Stantial. 

Committee  on  Non-Ferrous  Metals  and  Alloys,  a  sub-committee  of 
the  Committee  on  Standard  Specifications:  Wm.  Price,  Chairman, 
Allen  Merrill,  Geo.  L.  Heath,  Gilbert  Rigg,  Bruno  Woichiechewski. 

Committee  on  Soap  Products:  Archibald  Campbell,  Chairman, 
C.  P.  Long,  J.  R.  Powell,  Percy  H.  Walker. 

Committee  on  Glycerine,  a  sub-committee  of  the  Committee  on  Soap 
Products:  A.  C.  Langmuir,  Chairman,  W.  H.  Low,  S.  S.  Emery,  R.  E. 
Devine,  J.  W.  Loveland,  A.  M.  Comey. 

Committee  on  Naval  Stores:  J.  E.  Teeple,  Chairman  (other  members 
not  yet  selected) . 

Committee  on  Alum:  W.  M.  Booth,  Chairman,  Chas.  P.  Hoover, 
Wm.  C.  Camell. 

Committee  on  Platinum:  W.  F.  Hillebrand,  Chairman,  Percy  H. 
Walker,  H.  T.  Allen.    The'  full  minutes  of  this  meeting  will  be  published 
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in  the  May  issue  of  the  Journal  of  Industrial  and  Engineering  Ckmistj, 

Physical  and  Inorganic  Chemistry.  £.  P.  Schoch,  in  the  absence  of 
the  Chairman,  was  in  charge. 

Fertilizer  Chemistry.    Chairman  J.  £.  Breckenridge  was  in  chaijp. 

Agricultural  and  Pood  Chemistry.  Chairman  Floyd  W.  Rofaisoo  was 
in  charge. 

Organic  Chemistry.  C.  G.  Derick,  in  the  absence  of  the  Cfaaimua, 
was  in  charge. 

Pharmaceutical  Chemistry.    Chairman  F.  R.  Bldred  was  in  Aat^ 

Biological  Chemistry.     Chairman  C.  L.  Alsberg  was  in  charge. 

Water,  Sewage  and  Sanitation.  The  following  officers  were  elected: 
Edward  Bartow,  Chairman;  E.  B.  Phelps,  Vice-Chairman;  H.  P.  Conoa 
Secretary;  Executive  Committee,  the  officers  and  C.  P.  Hoover  and 
E.  H.  S.  Bailey.  Chas.  L.  Paksons. 

MINUTES  OF  THE  COUNCIL  MEETING. 

The  Council  of  the  American  Chemical  Society  met  at  the  Onmewald 
Hotel,  New  Orleans,  La.,  March  31,  1915,  at  10  p.m.,  with  Pteskiest 
Herty  in  the  Chair  and  with  the  following  Councilors  present:  Chas. 
Baskerville,  B.  C.  Hesse,  E.  J.  Crane,  Chaiies  E.  Coates,  H,  E-  Howe, 
J.  H.  Long,  Frank  N.  Smalley,  Edward  Bartow,  D.  K.  French,  W.  A. 
Noyes,  William  Brady,  W.  D.  Richardson,  W.  D.  Bigelow,  B.  B.  Ross, 
Floyd  W.  Robison,  Chas.  A.  CatUn,  J.  S.  Goldbaum,  F.  E-  Tuttle  (substi- 
tute for  A.  M.  Peter),  C.  G.  Derick  (substitute  for  E.  W.  Washburn), 
L.  F.  Nickell,  E.  H.  S.  Bailey,  Frank  R.  Eldred,  Harry  McConnicL 
L.  H.  Baekeland,  George  N.  Prentiss  (substitute  for  A.  J.  Schedkr). 
A.  D.  Little,  Frank  R.  Cameron. 

It  was  moved  that  a  Water,  Sewage  and  Sanitation  Division  be  author- 
ized and  a  Division  organized.  A  Committee  consisting  of  W.  A.  Noyes^ 
Charles  E.  Coates,  and  Edward  Bartow  was  given  power  to  pass  for  fbt 
Council  on  the  by-laws  submitted.  This  Committee  later  reported  that 
they  had  examined  the  by-laws  and  found  them  in  accord  with  the  Consti- 
tution and  approved  them. 

A  commtmication  from  Edward  C.  Pickering,  Chairman  of  a  committee 
of  the  American  Association  for  the  Advancement  of  Science  regardxaf^ 
expert  testimony,  was  presented  to  the  Council,  and  the  CouncO  voted 
the  following  resolution:  Resolved^  That  the  American  Chemical  Sodetf 
recognizes  the  urgent  ne^d  in  the  United  States  of  reform  in  the  metfaodi 
of  securing  evidence  of  expert  opinion  in  judicial  procedure;  That  the 
American  Chemical  Society  approves  of  the  efforts  of  the  America 
Association  for  the  Advancement  of  Science  in  this  behalf;  and,  That  tke 
Directors  are  authorized  and  directed  to  codperate  with  the  Committee  . 
of  the  American  Association  for  the  Advancement  of  Science  in  an 
to  bring  about  such  reforms. 
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A  conununication  from  the  American  Assodation  for  the  Adoption  of 
the  Metric  System,  regarding  the  cooperation  of  the  American  Chemical 
Society  with  that  association,  was  read,  and  the  same  was  referred  to  the 
Directors  of  the  Society  and  the  Secretary  was  directed  to  secm-e  more 
information  on  the  subject. 

Messrs.  A.  L.  Day  and  C.  L.  Alsberg  were  elected  Coundlors-at-Large 
to  fill  out  the  unexpired  terms  of  President  C.  H.  Herty,  and  W.  L.  Dudley, 
deceased. 

It  was  moved  that  the  President  appoint  a  committee  of  three  to  draft 
resolutions  on  the  death  of  W.  L.  Dudley.  A  Committee  consisting  of 
Chas.  Baskerville,  L.  H.  Baekeland,  and  John  H.  Long  was  appointed. 

A  communication  was  received  from  the  Chairman  of  the  Committee 
on  the  Classification  of  Gas  Engineering  of  the  American  Gas  Institute 
regarding  cooperation  in  the  matter  of  obtaining  a  recognized  standard 
of  classification  of  engineering  knowledge.  It  was  deemed  madvisable 
to  appoint  a  committee  for  this  purpose. 

A  petition  for  the  formation  of  a  Virginia  Section  of  the  American 
Chemical  Society,  with  headquarters  in  Richmond,  Va.,  and  a  territory 
to  include  all  the  state  of  Virginia  outside  of  Alexandria  county,  was  re- 
ceived and  approved.  The  President  and  Secretary  were  duly  authorized 
to  sign  the  necessary  charter. 

The  following  suggestion  was  presented  to  the  Council  by  B.  C.  Hesse: 

"The  chemists  of  this  country  must  present  their  claims  to  credit  for 
positive  industrial  accomplishment  in  concise,  dear  and  unmistakable 
form.  This  can  be  done  only  in  the  shape  of  a  debit  and  credit  statement; 
the  manufacturer  can  then  strike  his  balance  and  be  governed  accordingly. 
The  main  question  is  the  credit  side  of  the  account.  The  symposium  of 
nineteen  papers  at  New  Orleans  is  an  attempt  to  make  up  such  a  con- 
vindng  statement.  In  order  to  have  the  maximum  of  convincing  power 
these  credit  statements,  in  the  majority  of  cases,  have  been  signed  by 
executive  officers  of  corporations.  In  this  way  the  daims  of  the  chemist 
are  endorsed  by  executive  officers  and  the  carrying  power  of  these  state- 
ments  increased  many  fold." 

"Take,  for  example,  the  statement  that  the  chemist  has  added  between 
$10.00  and  $12.00  to  the  value  of  every  bale  of  cotton  grown;  or,  in  the 
wine  industry,  that  the  spoilage  has  been  reduced  from  25%  to  0.46%. 
If,  say,  seventy  industries  could  have  their  credit  accounts  appear  in  such 
condse  form  and  endorsed  by  executive  officers,  a  record  would  be  made 
which  would  challenge  any  one  to  create  a  corresponding  debit  ac- 
count." 

"Seattle  is  making  a  great  propaganda  based  upon  the  effect  of  the  coming 
American  Chemical  Sodety  meeting  upon  its  industries.  The  chemist 
has  never  ^before  been  in  the  Ume-light  as  he  is  to-day.     It  is,  therefore 
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imperative  that  the  work  begun  in  New  Orleans  be  brought  to  a  succesM 
conclusion  at  Seattle.  To  do  so»  each  member  of  the  Council  and  of  tk 
American  Chemical  Society  must  make  himself  a  conunittee  of  ooc  to 
obtain  suitable  papers  for  industries  not  yet  covered.  AH  papers  most  be 
in  the  hands  of  the  Editor  of  the  Journal  of  Industrial  and  Empimm^ 
Chemistry  not  later  than  July  15,  19151  fotu:  months  hence,  so  that  proper 
puUidty  can  be  secured.  If  this  be  done,  the  1915  vdume  of  our  Ii- 
dustrial  Journal  will  be  a  reference  work  of  great  and  increasing  vslue  {or 
many  years  to  come." 

The  suggestion  was  heartily  indorsed  by  the  Cotmcil. 

A  vote  of  thanks  was  passed  by  the  Council  to  B.  C.  Hesse,  Geo.  P. 
Adamson,  and  M.  C.  Whitaker,  for  the  very  successful  Industrial  SjBh 
posium  at  the  New  Orleans  Meeting. 

A  plan  for  the  revision  of  the  methods  of  keeping  of  chemical  statistics 
by  the  United  States  Government  was  presented 'by  B.  C.  Hesse,  in  cob- 
nection  with  a  similar  proposal  made  to  and  passed  by  the  American  In- 
stitute of  Chemical  Engineers.  It  was  moved  that  a  Committee  coo- 
sisting  of  B.  C.  Hesse,  M.  C.  Whitaker  and  the  Chairman  of  the  DivisioB 
of  Industrial  and  Engineering  Chemists  be  appointed  with  power  fo 
prepare  and  present  such  a  plan  to  the  proper  authorities,  and  tUi 
motion  was  duly  passed. 

The  Council  authorized  President  Herty  to  appoint  delegates  to  the 
Meeting  of  the  National  Fire  Protective  Association  to  be  held  in  Nev 
York  City,  May  11,  12,  and  13,  1915.  President  Herty  appointed  St 
Frederic  Dannerth  as  the  Society's  representative. 

The  Cotmcil  was  informed  of  the  action  of  the  Directors  regarding  tk 
election  of  Mr.  E.  J.  Crane  as  Acting  Editor  of  Chemical  Abstracts  to  fii 
out  the  tmexpired  term  of  Mr.  J.  J.  Miller.  The  action  of  .the  Directoo 
was  confirmed  and  Mr.  E.  J.  Crane  was  elected  Editor  of  Chemical  Ahstrvts. 

The  question  of  an  official  train  to  carry  the  members  of  the  Sodetj  ii 
the  Seattle  Meeting  was  presented  to  the  Coundl.  It  was  voted  tliil 
the  Secretary  be  directed  to  make  arrangements  with  the  officials  of  the 
Canadian  Pacific  road  for  a  special  train  or  trains  to  the  Seattle  Meetiq(  j 

A  Committee  consisting  of  J.  H.  Long,  F.  R.  Eldred,  Lyman  F.  Kebhit 
J.  M.  Francis,  and  B.  L.  Murray,  appointed  by  President  Herty  Hj 
consider  a  proposal  from  the  Chairman  of  the  Commission  on  Proprieti^ 
Medicines  of  the  American  Pharmaceutical  Association  r^;aniii^  <^\ 
operation  with  that  and  other  associations  in  seeming  the  enactment  rf 
tmiform  state  laws  taxing  and  regulating  the  traffic  i^  opium  and  cttt 
leaves  and  their  products,  reported  progress  and  was  continued. 

A  letter  from  Mr.  F,  R.  Eldred,  regarding  the  desirability  of  some  mettai 
of  cooperation  between  the  various  Divisions  of  the  Society  in  the  prepafl 
tion  of  their  programs,  was  presented  to  the  Council,  and  it  was  votel 
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that  a  Committee  consisting  of  the  Chaiimen  of  the  Divisions,  with  the 
Secretary  of  the  Society  as  Chairman,  be  instructed  to  consider  the  matter 
and  determine  whether  co5peration  was  possible. 

Reports  from  the  following  Conlmittees  were  presented  to  the  Coundl 
and  are  summarized  below: 

The  Committee  on  Revision  of  Methods  of  Coal  Sampling  and  Analysis 
reported  that  the  second  preliminary  report  was  published  by  the  American 
Society  for  Testing  Materials  last  Spring.  Since  then  further  work  has 
been  done  and  a  final  report  is  expected  this  coming  summer. 

The  Committee  on  Business  Organization  stated  that  their  report  had 
already  been  printed  and  distributed  to  the  Council  of  the  Society. 

The  Committee  on  Membership  reported  the  acquisition  of  866  new  in- 
dividual members  and  3  corporation  members  during  the  year  1914. 

The  Committee  on  Endowment  reported  progress. 

The  Committee  on  Notation  of  Physical  Chemistry  recommended  that  the 
Committee  be  discharged,  there  having  been  no  active  work  during  the 
year. 

The  Committee  on  Nomenclature  of  Organic  Chemistry  reported  inactivity 
on  account  of  the  chaotic  conditions  of  scientific  endeavor  abroad. 

The  Committee  on  Inorganic  Nomenclature  reported  that  they  had  been 
in  correspondence  with  the  Committee  of  the  International  Association 
of  Chemical  Societies  requesting  that  ''columbium''  be  approved  instead 
of  ''niobium/'  but  that  owing  to  foreign  conditions  very  little  progress 
had  been  made. 

The  Committee  on  Quality  of  Reagents  reported  that  they  found  no  need 
for  their  services  during  the  past  year. 

The  Committee  on  Exchanges  reported  that  the  Society  has  at  present 
171  exchanges  and  14  new  exchanges  had  been  put  into  effect  during  the 
year.  Six  offers  to  exchange  had  been  declined  and  16  old  exchanges 
had  been  discontinued. 

The  Perkin  Medal  Committee  reported  that  they  had  submitted  to  the 
main  Perkin  Medal  Committee  the  name  of  Edward  Weston  and  Charles 
H.  Herty  for  the  Perkin  Medal  and  that  they  had  sent  a  letter  to  the 
President  of  each  one  of  the  local  sections  asking  the  codperation  of  the 
local  section  in  making  future  nominations.  Their  nominee,  Edward 
Weston,  received  the  Medal  for  the  year  1914. 

The  Committee  on  Occupational  Diseases  reported  progress,  and  that 
individual  members  of  the  Committee  had  been  working  in  this  field 
during  the  year.  The  Committee  expected  to  have  a  well  planned  pro- 
gram and  a  possible  symposium  for  the  191 6  Meeting  of  the  Society. 
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The  Committee  on  Papery  through  their  Chairman,  reported  that  ahhoo^ 
there  had  been  no  special  work  for  the  Committee  itself  to  do  dnaf 
the  year,  the  quality  of  the  paper  used  in  the  Society's  pubficatiaos  had 
been  carefully  tesited  from  time  to  time  and  that  the  Editor  of  eadi  Joiaial 
had  been  informed  of  the  findings.  The  strength  of  the  paper  appoos 
to  have  been  below  specifications  and  the  percentage  of  ra^  not  entiidy 
up  to  contract  requirements. 

The  Committee  on  Analysis  of  Potable  Waters  and  Sewage  reported  tlat 
proposed  modifications  on  extended  methods  of  water  analysis  were  bdii| 
investigated,  especially  that  a  modified  Winkler  method  be  adopted  for 
the  determination  of  dissolved  oxygen.  Furthermore,  new  methods  ot 
being  considered  for  the  determination  of  relative  stability  of  sewagt 
effluents;  determination  of  biochemical  oxygen  demand,  and  the  analysis 
of  sewage  and  mud  deposits.  It  is  expected  that  the  final  report  isfll 
be  ready  for  publication  the  latter  part  of  the  present  year. 

The  Supervisory  Committee  on  Standard  Methods  of  Analysis  repoftcd 
as  follows: 

I.   COMMITTEES  OP  THB  GENERAL  SOCIETY. 

J.  Committee  on  Revision  of  Methods  of  Coal  Sampling  and  Analysis,— 
A  joint  committee  representing  the  American  Chemical  Society  and  tke 
American  Society  for  Testing  Materials. 

A  second  preliminary  report  was  published  in  the  Proc.  Ant.  Soc.  for 
Testing  Materials  for  1914,  pages  409-455.  The  final  report  is  in  prepan- 
tion. 

2.  Committee  on  Methods  of  Analysis  of  Potable  Waters  and  Sewagir- 
A  committee  of  the  American  Chemical  Society  workii^  in  oonjunctiGB 
with  one  from  the  Aulerican  Public  Health  Association. 

The  work  of  the  above  committee  has  been  continued  along  the  lines 
suggested  in  19 14.  A  report  was  read  at  the  meeting  of  the  Am.  Pstx 
Health  Assoc,  at  Jacksonville,  Florida,  December,  19 14,  and  a  repot 
showing  progress  will  be  presented  before  the  Section  on  Water,  Sev^ 
and  Sanitation  at  the  approaching  New  Orleans  Meeting  of  the  Cfaemkdl 
Society.  It  is  expected  that  the  final  report  will  be  ready  for  publicatiai 
after  the  autumn  meeting  of  the  two  societies  directly  interested. 

II.      DIVISIONAL  AND  SECTIONAL  COMMITTEES. 

A,  Division  of  Ind.  Chem.  and  Chem.  Eng. — ^At  the  Cincinnati 
in  April,  1914,  it  was  voted  by  the  Division  of  Ind.  Chem.  and 
Eng.  to  reorganize  the  committees  dealing  with  methods  of  analjSw 
and  as  a  first  step  all  existing  committees  were  abolished.  Certain  can- 
mittees  have  been  reestablished  in  part  with  their  old  membership.  He 
newly  organized  committees  and  their  membership  as  reported  to  me  by  tit 
Chairman  of  the  Division,  under  date  of  February  17, 1915,  are  given  bdoa^ 
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I.  Committee  on  Standard  Specifications  and  Methods  of  Analysis. 
A.  M.  Comey,  Robert  Job,  F.  M.  Stantial,  chairmanship  not  yet  filled. 

According  to  the  chairman  of  the  division  this  committee  is  supposed 
to  control  the  work  and  to  review  the  reports  of  all  analysis  committees 
within  the  division,  but  as  yet  this  does  not  seem  to  be  generally  tmder- 
stood,  for  one  of  the  other  committees  has  submitted  reports  to  the  Super* 
visoiy  Committee  of  the  Society  through  the  Chairman  of  the  Division 
without  reference  to  the  control  committee  of  the  Division. 

(a)  Conunittee  on  Non-Ferrous  Metals  and  Alloys.  Wm.  B.  Pricey 
Chairman,  Alden  Merrill,  Geo.  L.  Heath,  Gilbert  Rigg,  Bruno  Woide- 
chowski. 

The  above  committee  has  rendered  a  report  on  the  Battery  Assay  of 
Copper,  which  has  been  approved  by  the  Supervisory  Committee  on 
Standard  Methods  of  Analysis  and  accepted  for  pubUcation  in  the  Journal 
of  Industrial  and  Engineering  Chemistry. 

A  report  on  analy^s  of  Spelter  has  also  been  submitted  and  is  now  under 
consideration  by  the  Supervisory  Committee  of  the  Society. 

Preliminaiy  work  has  been  begun  on  methods  for  sampling  and  analyzing 
copper-bearing  materials  and  of  white  metals.    Other  work  is  contemplated. 

(6)  Committee  on  Soap  and  Soap  Products.  Archibald  Campbell, 
Chairman,  C.  P.  Long,  J.  R.  Powell,  Percy  H.  Walker.  The  reorganized 
committee  on  Soap  and  Soap  Products  proposes  to  standardize  methods 
of  analysis  of  soaps  as  well  as  of  raw  materials  used  in  the  manufacttu-e 
of  soaps.  Work  on  Cottonseed  Products  marks  the  beginning  in  this 
line  under  a  special  sub-committee  composed  as  follows:  W.  H.  Low, 
Chairman,  F.  N.  Smalley,  A.  Campbell.  No  reports  have  been  made 
as  yet. 

(c)  Committee  on  Glycerine.  A.  C.  Langmuir,  Chairman,  A.  M.  Comey, 
R.  E.  Divine,  S.  S.  Emery,  J.  W.  Loveland,  W.  H.  Low. 

This  reconstituted  committee,  formerly  a  subcommittee  of  the  original 
Committee  on  Soap  and  Soap  Products,  has  dining  the  past  year  co- 
operated with  other  chemists  here  and  in  Great  Britain  in  the  anal3rsis  of 
"Soap  lye  crude."  The  ultimate  object  of  this  work  is  not  only  to  for- 
ward methods  of  analysis  but  also  to  fix  accurately  the  composition  of  a 
standard  sample  which  it  is  hoped  will  be  supplied  to  applicants  by  the 
Bureau  of  Standards  upon  pa3rment  of  a  fee. 

The  committee  is  also  working  in  codperation  with  the  British  Glycerine 
Committee  toward  the  perfection  of  the  International  Method  of  Analysis. 

(d)  Committee  on  Alum.  Wm.  M.  Booth,  Chairman,  Chas.  P.  Hoover, 
Wm.  C.  Camell. 

The  Committee  on  Alum  has  presented  a  tentative  report  (/.  Ind, 
Eng.  Chem.t  6,  435)  and  expects  to  offer  a  final  report  at  the  approaching 
New   Orleans   Meeting.     Inasmuch  as  this  final  report  will  not  cover 
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methodis  f ormtdatBd  and  recommended  by  the  committee,  it  does  not  M 
witbin  the  province  of  the  Supervisory  Committee  of  the  Sodetj  to 
consider  it. 

B.  Division  of  Fertiliser  Chemists. 

I.  Committee  on  Research  and  Methods  of  Analysis.  Paul  Rudnick, 
Chairman,  P.  K.  Cameron,  C.  H.  Jones,  J.  M.  McCandless,  A.  J.  Patten. 

The  above  committee  is  a  new  one,  formed  for  the  purpose  of  takiag 
over  the  work  of  the  various  committees  of  the  Division  which  it  replices. 
namely,  those  on  Nitrogen,  Potash,  Phosphoric  Add  and  Phosphate  Rod. 
An  extensive  program  of  work  has  been  mapped  out  and  one  or  wot 
preliminary  reports  will  be  presented  to  the  Divisions  at  the  New  Qrfeau 
meeting  of  the  Society. 

C.  Division  of  Pharmaceutical  Chemists. 
I.  Committee  on  Quantitative  Methods. 

The  above  named  committee  has  been  unable  to  make  material  progress 
with  its  work  dtuing  the  year. 

D.  Section  of  India  Rubber  Chemists. 

I.  Committee  on  Analysis  of  Rubber  and  Rubber  Products. 
Reports  and  commtmications  relating  to  the  work  of  the  analysis  cooh 
mittee  of  the  Section,  but  not  in  any  way  final,  have  appeared  in  tk 
Journal  of  Industrial  and  Engineering  Chemistry,  6,  pp.  514  and  loji 
Vacancies  created  by  the  resignation  of  Messrs.  P.  H.  Walker  and  E.  W. 
Boughton  have  not  yet  been  filled. 

Respectfully  submitted, 
(Signed)  W.  F.  HillEbrand, 
Chairman,  Supervisory  Committee  on  Standard  Methods  of  Analysis. 

The  Finance  Committee  reported  as  follows,  submitting  the  Treasmti^s 
Report  and  the  balance  sheet  for  19 15.  The  Treasurer's  report  has  already 
been  printed  in  the  January  issue  of  the  Journal. 

"We  submit  herewith  the  Balance  Sheet  and  Statement  of  the  Treu- 
luer's  accounts  for  the  year  ending  November  30,  1914,  as  certified  bf 
J.  Yalden  &  Co.,  Public  Accountants. 

"They  also  state  that  *the  seciuities  owed  by  the  Society  and  those 
vested  in  the  Morris  Loeb  Fund,  have  been  verified  as  on  hand  at  tk 
Safe  Deposit  Vault  at  the  Bank  of  Metropolis.'  " 

All  bills  presented  to  the  Society  during  the  year  have  been  fTranrinrf 
and  approved  by  the  Committee  before  pa3rment. 

Respectfully  submitted, 
(Signed)    E.  G.  LovB, 

G.   C.  StONBt 

A.  N.  Hiu.. 

Finance  Cammitke. 
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The  Council  then  directed  the  Secretary  to  send  a  hearty  vote  of  thanks 
to  the  Chairmen  and  members  of  the  Committees  in  charge  of  the  New 
Orleans  Meeting  for  the  very  efficient  manner  in  which  the  meeting  had 
been  handled  and  for  the  entertainment  provided,  and  he  was  also  directed 
to  send  the  thanks  of  the  Society  to  various  firms  and  corporations  that 
had  assisted  the  local  section  in  their  entertainment. 

The  Meeting  then  adjoiu-ned.  *     Chas.  L.  Parsons,  Secretary. 


LIST  OF  MEMBERS  ELECTED  BETWEEN  ItfARCH   1 5   AND  APRIL   1 5. 

Adams,  Maurice,  P.  O.  Box  51,  Baton  Rouge,  La. 

Aliband,  Alberto,  Antofagasta,  Chile. 

Amell,  Samuel  Tomlinson,  441  Angell  St.,  Providence,  R.  I.  • 

Atwater,  C.  G.,  17  Battery  Place,  New  York  City. 

Baird,  Thomas  P.,  923  E.  45th  St.,  Chicago,  111. 

Baringer,  F.  J.;  Eagle  White  Lead  Co.,  Cincinnati,  O. 

Becher,  Hubert  L.,  Agasote  Millboard  Co.,  Trenton,  N.  J. 

Binder,  Gottfried  H.,  2328  Poplar  St.,  Philadelphia,  Pa. 

Breithaupt,  J.  E.,  172  Margaret  Ave.,  Berlin,  Ontario,  Canada. 

Brown,  Cornelius  Merrill,  Williamstown,  Mass. 

Cargille,  R.  P.,  34  E.  34th  St.,  Bayonne,  N.  J. 

Clark,  C.  E.  C,  J.  T.  Dobb  &  Son,  Westbar,  Sheffield,  England. 

Crum,  Bayard  M.,  8  Emmons  PI.,  New  Britain,  Conn, 

Davis,  Philip  L.,  3100  Broadway,  New  York  City. 

Dawson,  Louis  E.,  205  E.  Green  St.,  Champaign,  111. 

DeLaporte,  A.  V.,  90  Gloucester  St.,  Toronto,  Canada. 

DeLong,  C.  R.,  177  12th  Ave.,  Columbus,  O. 

Doane,  Norman  D.,  250  W.  Newton  St.,  Boston,  Mass. 

Donk,  P.  J.,  National  Canners'  Assn.,  1739  H  St.,  N.  W,,  Washington^ 
D,  C. 

Hastman,  Walker  P.,  428  N.  Murry  St.,  Madison,  Wise. 

Eavenson,  Alban,  217  Atlantic  Ave.,  Camden,  N.  J. 

Eovard,  John  M.,  Iowa  State  College,  Ames,  Iowa. 

Garby,  Carl  D.,  Placerville,  Idaho. 

Gonder,  Walter  B.,  San  Jos6,  Mindoro,  P.  I. 

GreefF,  Robert  H.,  R.  W.  Greeff  &:  Co.,  Thames  House,  Queen  St., 
Place,  London,  Eng. 

Hale,  Bertrand,  H.,  46  Walker  Bldg.,  Mass.  Inst,  of  Technology,  Boston, 
Mass. 

Heil,  Henry,  210  S.  4th  St.,  St.  Louis,  Mo. 

Hertz,  Norman  C,  3  Madison  Ave.,  Newark,  N.  J. 

Hogg,  Charles  W.,  3150  Avalon  St.,  Pittsburgh,  Pa. 

Hotchkiss,  Frederic  H.,  R.  D.  No.  2,  Waterbury,  Conn. 

Hungerford,  E.  H.,  Brookings,  S.  Dak. 

Jackson,  Everett  B.,  19  Booth  St.,  Burlington,  Vt. 

Jopling,  John  C,  310  N.  Illinois  St.,  IndianapoUs,  Ind. 

Kahrs,  John  Fred,  3701  Tulane  Ave.,  New  Orleans,  La. 

Kinney,  Harrison  B.,  Sta.  A,  Ames,  Iowa. 

Krauss,  Robert  B.,  Henry  Phipps  Inst.,  7th  &  Lombard  Sts.,  Phila- 
delphia, Pa. 
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Lewis,  N.  D.  C,  State  Hospital,  Crownsville,  Md. 

Low,  Fletcher,  K.  K.  K.  House,  Hanover,  N.  H. 

Lord,  Frank  R.,  General  Chemical  Co.,  Bast  St.  Louis,  Dl. 

Lowary,  Ralph  C,  162  Riverside  Ave.,  Btiffalo,  N.  Y. 

Lupton,  Leyris  M.  G.,  223  S.  Broad  St.,  Woodbury,  N.  J. 

Lyons,  U.  G.,  Warren,  Pa. 

McCarty,  Dan  M.,  Agricultural  College,  Miss. 

McLavy,  James  R.,  Agricultural  College,  Miss. 

Meldrum,  William  Buell,  Vassar  College,  Poughkeepsie,  N.  Y- 

Melzer,  Carl,  429  W.  117th  St.,  New  York  City. 

Middleton,  EUis  S.,  1739  H  St.,  N.  W.,  Washington,  D.  C. 

Miller,  Harry  G.,  316  S.  Henry  St.,  Madison,  Wise. 

Moellenhoff,  F.  H.,  5648  Morganford  Road,  St.  Louis,  Mo. 

Moss,  Bmest  J.,  510  Int.  HypoUte  St.,  Baton  Rouge,  La. 

Osterhout,  W.  J.  V.,  60  Buckingham  St.,  Cambridge,  Mass. 

Perry,  J.  H.,  Delta  Tau  Delta,  Orono,  Me. 

Peterson,  P.  P.,  Moscow,  Idaho. 

Plaisance,  G.  P.,  Chemical  Section,  Iowa  State  Coll^^e,  Ames,  Iowa. 

Posey,  H.  G.,  Hurst  &  Webster  Sts.,  New  Orleans,  La. 

Renshaw,  David  F.,  518  W.  4th  St.,  Tulsa,  Okla. 

Renton,  George  F.,  Jr.,  Ewa,  Hawaii. 

Richter,  Ralph,  2424  S.  72d  St.,  Philadelphia,  Pa. 

Roark,  G.  W.,  Jr.,  College  Station,  Texas. 

Robinson,  Edwin  H.,  3101  Kenwood  Ave.,  Indianapolis,  Ind. 

Rosenbatun,  £li,  182 1  Diamond  St.,  Philadelphia,  Pa. 

Rudolf,  T.,  Hotel  De  Soto,  New  Orleans,  La. 

Scherer,  William  Franklyn,  41  Clark  St.,  Lancaster,  N.  Y. 

Shaw,  Morris  R.,  Waggaman,  La. 

Stedman,  WilHam,  147  N.  Washington  St.,  Hinsdale,  DL 

Stratton,  Leon  D.,  1130  Divinity  St.,  West  Philadelphia,  Pa« 

Tully,  Edward  J.,  13 14  Spring  St.,  Madison,  Wise. 

Weigel,  Arthur  G.,  232  Knoblock  St.,  Stillwater,  Okla. 

Wemrich,  Wm.,  Box  583,  Honolulu,  Hawaii. 

Wiggenhom,  G.  F.,  124  West  9th  St.,  Los  Angeles,  Calif. 

Wilbum,  Ballard  R.,  104  W.  70th  St.,  Cincinnati,  O. 

Wilson,  Wm.  Jas.,  Central  Technical  School,  Toronto,  Canada. 

Wright,  Frank,  112  Kennebeck,  South  Kent,  Washington. 

MEETINGS  OF  THE  SECTIONS 

[Pull  accounts  of  all  meetings  should  be  sent  to  Secretary  Charles  L.  Parsons*  Bos  $a% 

Washington,  D.  C] 

LOUISIANA  SECTION. 

The  84th  meeting  was  held  March  19th.  Program:  "Some  Presat 
Aspects  of  Ptue  Food  Work  from  the  Standpoint  of  State  or  Mimid' 
pality,"  by  Geo.  B.  Taylor,  Analyst,  La.  State  Board  of  Health. 

p.  W.  LisntinHt,  Sury.'TrmL 
NASHVILLE  SECTION. 

The  33rd  meeting  of  the  Section  was  held  April  i6th.  The  progna 
included  the  following  paper:  "The  Chemistry  of  the  Pharmacopodt,** 
by  Mr.  W.  R.  White.  vicro.  p. 
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PUOET  SOUND  SECTION. 

The  March  meeting  was  held  March  27th.  M.  J.  Falkenberg  addressed 
the  Section  on  "  Concrete  Aggregates."  h.  l.  Teumbull.  Secretary. 

UNIVERSITY  OP  MISSOURI  SECTION. 

The  57th  meeting  was  held  on  February  26th  in  the  Chemistry  Building. 
Dr.  J.  W.  Marden  presented  the  results  of  an  investigation  on  "The  Lye 
Hulling  of  Com  for  Hominy." 

The  58th  meeting  was  held  April  9th.  Mr.  H.  T.  Newlon  presented  a 
paper  on  the  ''Separation  of  the  Rare  Earths,"  and  Mr.  H.  L.  Dahm  and 
Mr.  O.  B.  Muench  gave  "Some  Notes  on  the  Analysis  of  Iron  and  Steel." 


M.  L.  Hartmann,  Secretary. 


NEW  HAVEN  SECTION. 


The  regular  meeting  was  held  March  24th.  Prof »  Alexander  Silverman, 
of  the  Chemistry  Department  of  the  University  of  Pittsburgh,  delivered 
a  lectiu-e  on  "The  Chemistry  and  Technology  of  Glass  Making." 

GVOROE  S.  jAMZBgON 

SYRACUSE  SECTION. 

A  Special  meeting  was  held  April  12th.  Professor  M.  A.  Rosanoff, 
of  Pittsburgh  University,  spoke  on  "A  Rational  Process  of  Fractional 
DistiUation." 

The  98th  regular  meeting  was  held  April  26th.  W.  R.  Hulbert,  M.E., 
spoke  on  "Thermit  Welding."  h.  b.  kippbr.  Secretary. 

DETROIT  SECTION. 

The  regular  monthly  meeting  was  field  April  15th.  A.  W.  H.  Mory^ 
Chief  Chemist  of  Sears,'  Roebuck  &  Co.,  of  Chicago,  gave  a  lecture  on 
*'The  Laboratory  Inspection  of  Merchandise."    edward  j.  Gdwchb.  Secretary. 

WESTERN  NEW  YORK  SECTION. 

The  regular  meeting  was  held  March  26th.  Prof.  E.  M.  Charaot,  of 
Cornell  University,  presented  a  paper  upon  the  subject:  ''gome  Problems 
in  the  Pmification  of  Drinking  Water  from  the  Viewpoint  of  a  Chemist." 

The  regular  meeting  was  held  April  9th.  Mr.  Linn  Bradley  presented 
a  paper  and  demonstration  upon  the  subject  "Electrical  Precipitation." 

MoBTXMSK  J.  Bkowm,  Secretary. 
CHICAGO  SECTION. 

The  April  meeting  was  held  April  i6th,  at  which  time  the  Willard 
Gibbs  Medal  was  awarded  to  Dr.  Arthur  A.  Noyes,  who  gave  an  address 
on  a  "System  of  Qualitative  Analysis  Including  Nearly  all  the  Elements." 

D.  K.  FssNca.  Secretary. 
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NBW  YORK  SECTION. 

The  6th  regular  meeting  of  the  session  of  1914-15  was  held  April  gtk 
The  program  was  as  follows:  W.  A.  Jacobs  and  Michael  Heidelbef^ 
(Rockefeller  Institute  of  Medical  Research),  "Contribution  to  the  Strnc- 
tture  of  Primary  and  Secondary  Para-Aminophenylmercuxic  Compounds.'* 
W.  G.  Lyle,  L.  J.  Curtman  and  J.  T.  W.  Marshall  (CoU^pe  of  the  Qty 
of  New  York),  ''A  New  Test  of  Copper."  Chas  Baskerville  (CoOege  of 
the  City  of  New  York),  *'Refinmg  Vegetable  Oils."  M.  A.  Rosasofi 
(Mellon  Institute  of  Industrial  Research),  ''A  Rational  Process  of  Frac- 
tional Distillation."  c.  m.  jorfai.  s^^mmy 

CI^BVEI^AND  SECTION. 

The  regular  meeting  was  held  April  12th.  Program:  "The  Smoke 
Nuisance  in  the  Modem  Industrial  Community,"  by  Raymond  C.  Benner. 
Ph.D.,  National  Carbon  Co.,  Fremont,  O.,  formerly  with   the  Mefloa 

Institute,  Pittsburgh,  Pa.  a.  T.  Baldwin.  Chairman  and  Sec.  pro  Urn. 

PITTSBURGH  SECTION. 

The  I i6th  regular  meeting  was  held  April  15th.  Program:  "Chemical 
Reactions  at  Low  Pressiures,"  by  Irving  Langmuir,  of  the  General  Electric 
Company  Research  Laboratory.  c.  o.  stomm,  Secrttqry 

RHODE  ISI.AND  SECTION. 

The  March  meeting  was  held  March  25th.  The  speaker  for  the  eveninf 
was  Dr.  John  E.  Bucher,  of  Brown  University,  who  addressed  the  Section 
on  "The  Fixation  of  Atmospheric  Nitrogen."         kommak  e-  h<«.t.  SM€r€tan. 

CORNEI.L  SECTION. 

At  the  March  meeting  held  March  26th,  Professor  Alexander  Silverman. 
A.B.,  *o5,  Director  of  the  Departnient  of  Chemistry  in  the  University  of 
Pittsburgh,  gave  a  lecture,  illustrated  by  sUdes  and  specimens,  on  "Chem* 
istry  and  Technology  of  Glass."  o.  r.  oybwiam.  s«r«i^ 

UNIVERSITY  OF  MICHIGAN  SECTION. 

The  March  meeting  was  held  Tuesday,  March  23rd.  Prof.  A.  E.  WTiitc 
gave  a  talk  on  *'The  Influence  of  Composition  and  Heat  Treatment  on 
Copper  and  Brass."  h.  h.  wuxako,  secr^ury 

CINCINNATI  SECTION. 

The  members  of  this  Section  accepted  an  invitation  extended  by  the 
Dayton  Engineers*  Club,  to  attend  a  lecture  on  "Synthetic  Resins," 
by  Dr.  L.  H.  Baekeland,  April  6th.  stsfhan  j.  hausbe.  Stcr^ury 

NEBRASKA  SECTION. 

The  April  meeting  was  held  April  14th.  The  topic  for  the  evening  was 
"Some  Applications  of  Physical  Chemistry  in  Analytical  and  Inorganic 
Chemistry,"  by  F.  W.  Upson  and  H.  M.  Plum.  h.  m.  plum,  SMtiarj 
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ROCHESTER  SECTION. 

The  regtilar  meeting  was  held  April  12th.  Prof.  Charles  Baskerville, 
of  The  College  of  the  City  of  New  York,  spoke  on  "  Physical  Chemistry 
and  Anesthesia."         '  H.H.rotmti.  secretary.  "' 

BflNNBSOTA  SECTION. 

The  Section  met  April  i6th.  Professor  P.  M.  Glasoe,  of  St.  Olaf  Col- 
lege, spoke  on  "Teaching  Chemistry  on  the  Basis  of  the  Periodic  System." 
Mr.  L.  A.  Stenger,  of  the  Twin  City  Rapid  Transit  Co.,  spoke  on  **  Accuracy 

and  Coal  Anal3rsis."  Stbmuno  Tbuflb.  Secrttary. 

MARYLAND  SECTION. 

The  7th  regular  meeting  was  held  April  loth.  Program:  J.  B.  Rather, 
of  the  Texas  Experiment  Station,  "Cottonseed  Meal  as  a  Human  Pood.'' 
Dr.  C.  Caspari,  Jr.,  W.  B.  D.  Penniman,  W.  W.  Randall,  C.  O.  Miller, 
L.  H.  Bnslow,  of  the  Maryland  Health  Department,  gkve  papers  on 
"Adulteration  of  Ground  Coffee,"  "The  Determination  of  Nitrites  in 
Drinking  Water  and  Sewage,"  "A  General  Method  for  Toxicological  Ex- 
aminations," "Apparatus  for  the  Regulation  of  Temperature  of  Optical 

Instruments."  ^  ;  Vrahk  M.  Botlvb.  Stcretary. 

CONNECTICUT  VALLEY  SECTION. 

The  32nd  meeting  was  held  April  3rd.  Program:  "  Lake  and  Pigment 
Colors  and  Some  of  their  Uses,"  A.  I.  Franklin.     "The  Harrison  I^aw," 

Dr.  H.  C.  Emerson.  j.  c.  Andmwb.  Stcretary. 

OREGON  SECTION. 

The  20th  regular  meeting  was  held  March  27th.  Plans  for  entertaining 
the  Society  for  a  day  fc^owing  the  Seattle  meeting  next  fall  were  dis- 
cussed, and  President  Morgan  took  tmder  advisement  the  appointment  of 
a  committee  to  make  such  arrangements  as  shall  seem  advisable.  The 
following  papers  were  presented:  "Industries  Using  Electrolytic  Pro- 
cesses," by  H.  A.  Mayer.     "Photographic  Exposure,"  by  H.  L.  Voss. 

p.  A.  OI.1I8TSD.  Sgcretarw. 
PHILADELPHIA  SECTION. 

The  regular  meeting  was  held  April  1 5 th.  Program :  A  paper  on  ' '  Beta 
Rays  and  the  Chemical  Elements,"  illustrated  by  specimens  of  decomposi- 
tion products  from  radioactive  substances,  by  Miss  Fanny  R.  M.  Hitch- 
cock. A  paper  on  "Metallic  Tungsten,"  illustrated  by  a  number  of  speci- 
mens of  ore,  etc.,  by  Mr.  Colin  G.  Fink,  of  the  General  Electric  Company, 

Harrison,  N.  J.  C.  S.  Brxnton,  Secretary. 

GEORGIA  SECTION. 

The  April  meeting  was  held  April  5th.  A.  D.  Little,  of  Boston,  addressed 
the  gathering  on  "The  Undeveloped  Resoiu-ces  and  Industries  of  the  South." 

J.  S.  Broodon,  Secretary.    . 
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UNIVBRSITY  OF  nXINOIS  SECTION. 

The  regular  meeting  was  held  April  23rd.     Mr.  Frederick  W.  Kicsi- 

»  

mann,  of  the  U.  S.  Forest  Products  Laboratory  at  Madison,  Wisooost, 
addressed  the  Section  on  the  subject,  "The  Forest  Products  Labontor 
and  Its  Chemical  Problems.*' 

At  a  meeting  held  on  April  24th,  Mr.  EIressmann  spoke  on  the  subject, 
"The  Manufacture  of  Linoleum."  gsoros  d.  bsau  Sseman^ 

WISCONSIN  SECTION. 

The  April  meeting  was  held  April  21st.  The  following  papers  weic 
presented:  "Recent  Progress  in  the  Quinone-phenolate  Theory  of  Indi- 
cators," by  Mr.  E.  C.  White;  "Some  Defects  in  Steel  Ingots,"  by  Prctfessor 
Richard  S.  McCaffery.  a.  b.  Kosno.  S4trmMry. 

SOUTHERN  CALIFORNIA  SECTION. 

The  regular  monthly  meeting  was  held  April  15th.  The  paper  for  the 
evening  was  by  Mr.  £*  O.  Slater,  entitled  "The  Sanitary  Features  of  the 
Los  Angeles  Aqueduct."  h.  l.  paths.  5«Mi7 

COtUBIBUS  SECTION. 

A  meeting  was  held  April  i6th.  Mr.  M.  H.  Williamson  of  the  Nortn 
Company,  Worcester,  Mass.,  addressed  the  Section  on'  the  "Manufactint 
of  Alundum  Refractories  aild  Their  Application  in  the  Laboratory. 

W.  J.  McCauohvt,  Smnimy- 
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Langeloth,  J.,  New  York  City,  August  14,  1914. 
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Proceedings. 

COUNCIL. 

WILLIAM  L.   DUDLEY. 

The  death  of  Dean  William  Lofland  Dudley,  while  not  unexpected, 
was  the  cause  of  profound  sorrow  to  many  members  of  the  American 
Chemical  Society,  of  which  he  had  been  a  loyal  and  active  member  since 
1890. 

Professor  Dudley  was  a  frequent  contributor  to  the  publications  of  the 
Society,  which  he  served  in  many  capacities  as  long  as  his  health  permitted. 
He  also  organized  the  Nashville  Section. 

Dr.  Dudley  was  long  a  member  of  the  Coimcil,  and  there,  as  elsewhere, 
gained  many  friends,  who  appreciated  the  strong  and  lovable  qualities 
which  had  given  him  great  influence  in  education  and  among  the  youth 
of  our  country,  especially  in  the  South. 

The  Council  of  the  American  Chemical  Society  records  this  minute  to 
indicate  its  regret  and  grief  at  the  passing  of  one  of  its  distinguished  mem- 
bers— a  true  man  in  the  fullest  sense. 

Chas.  Baskqrvillk, 
Leo  H,  BaekeIjAnd, 
Jomff  H.  I^NO,  Committee. 

MEMBERS  ELECTED  BETWEEN  APRIL    15   AND  BlAY   15,    I915. 

Barsaloux,  Lawrence  F.,  653  E.  105th  St.,  Cleveland,  0. 
Boncquet,  P.  A.,  Spreckels  Sugar  Co.,  Spreckels,  Calif. 
Boyles,  Page  R.,  Box  457,  Salem,  Ore. 
Cannon,  James  Lloyd,  153 16  Clifton  Blvd.,  Cleveland,  O. 
Cheng,  G.  Y.,  903  Mary  St.,  Ann  Arbor,  Mich. 
Chewing,  J.  W.,  BoK  116,  Bryan,  Tex. 
Chichester,  H.  D.,  Springfield,  Mo. 
Coleman,  John  M.,  Agricultural  College,  Miss. 
Cooke,  Raymond  D.,  6122  Greenwood  Ave.,  Chicago,  111. 
Dubin,  Harry,  3731  Locust  St.,  Philadelphia,  Pa. 
Emhardt,  John  C.,  822  N.  Front  St.,  Reading,  Pa. 
Enochs,  J.  W.,  Agricultural  College,  Miss. 
Erickson,  Ah,  145  Iota  Court,  Madison,  Wise. 
Estill,  Howard  W.,  1727  E.  Speedway,  Tucson,  Ariz. 
Fegely,  Walter  H.,  585  N.  Main  St.,  Meadville,  Pa. 
Prancksen,  Aug.,  4803  Garden  St.,  Bridesburg,  Philadelphia,  Pa. 
Geidel,  Carl  D.,  312  Clemons  Ave.,  Madison,  Wise. 
Geiger,  Carl,  1223  E.  Breckenridge  St.,  Louisville,  Ky. 
Gibbons,   Miss  Vemette  L.,   Pembroke   East,   Bryn  Mawr    College, 
Br)ai  Mawr,  Pa. 
Goldman,  E.  L.,  Georgia  School  of  Technology,  Atlanta,  Ga. 
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Habenicht,  LeRoy  H.,  Kershaw,  S.  C. 
Hammel,  Lee  A.,  791  E.  158  St.,  Cleveland,  O. 
Henton,  Hugh  M.,  Zortman,  Mont. 
Homerberg,  Victor  O.,  Hopkins,  Minn. 
Kellner,  R.  H.,  6004  Hays  Ave.,  Los  Angeles,  Calif. 
Lanletta,  Jos.  R.,  Jr.,  1449  N.  Califotnia  Ave«,  Chicago,  III. 
Lindfors,  K.  R.,  612  Hoyt  St.,  Saginaw,  Mich. 
MaGuire,  C.  H.,  Chem.  Lab.,  Lehigh  University,  So.  Bethlehem.  Pa, 
Maher,  Stuart  Wilder,  12 10  Highland  Ave.,  KnozviUe,  Tenn. 
McAllep,  Will  R.,  University  Club,  Los  Angeles,  Calif. 
McKnight,  Jos.  W.  I.,  7215  Finance  St.,  Pittsburgh,  Pa. 
Means,  Karl  S.,  1 10  E.  4th  St.,  Bloomington,  Ind. 
Nakaseko,  Rokuro,  Doshisha  Girls'  School,  Kyoto,  Japan. 
Parrott,  Albert  Van  Cleave,  117  So.  Curtis  St.,  Alhambra,  Calif. 
Reyerson,  Lloyd  H.,  410  Winona  St.,  Northfield,  Minn. 
Riker,  Adrian,  Jr.,  169  Clinton  Ave.,  Newark,  N.  J. 
Roberts,  Emerson  B.,  Kittanning,  Pa. 
Rogers,  Donald  G.,  i6  Home  St.,  Worcester,  Mass. 
Rusch,  Adolphi,  Jr.,  322  West  90th  St.,  New  York  City. 
Rutherford,  G.  S.,  3309  Baldwin  Ave.,  Berwyn,  111. 
Sanderson,  T.  C,  Alpha  Chi  Sigma,  State  College,  Pa. 
Schwoyer,  John  B.,  316  Packer  Ave.,  So.  Bethlehem,  Pa. 
Sellner»  Albert,  3307  Scranton  Road,  Clevelaxid,  O. 
Smith,  Melville  M.,  Apartedo  491,  Barcelona,  Spain. 
Snyder  Electric  Furnace  Co.,  53  West  Jackson  Blvd.,  Chicago.  111. 
Steigmaii,  Max,  89  Grand  St.  Extension,  Brooklyn,  N.  Y. 
Stephenson,  J.,  Gas  Works,  Hampton  Ave.,  Columbia,  S.  C. 
Stem,  Arthur  ly.,  307  Wait  Ave.,  Ithaca,  N.  Y. 

Symes,  Langford  Paifc,  BitUmut  PiMsiiig  Works,  Christchurch.  New 
Zealand. 

Tozier,  Henry  H.,  26  Jones  Ave.,  Rochester,  N.  Y. 

Winchester,  Clyde  M.,  Edinburg,  Ind. 

Yen,  C.  Y.,  521  Post  St.,  San  Francisco,  Calif. 


MEETINGS  OP  THE  SECTIONS. 

{Full  accounts  of  all  meetings  should  be  sent  to  Secretary  Chaiks  h.  Parsoos.  Boi  SPS* 

Washington,  D.  C] 

CONNECTICUT  VAI^LBY  SECTION. 

The  thirty-third  meeting  was  held  May  8th.  Program:  **Eariy  Refer- 
ences to  Opium,"  by  Dr.  E.  W.  Morley;  **The  Contribution  of  Theoretial 
Chemistry  to  the  Development  of  the  Dye  Industry,"  by  Dr.  M.  L 
Crossley.  The  foUo¥ring  officers  were  elected  to  serve  for  the  ensuing 
year:  Honorary  Chairman,  E.  W.  Morley;  Chaimtan,  M.  L-  Ciossfcy; 
Vtce'Chairntan,  C.  S.  Williams;  Secretary,  R.  J.  Marsh;  Treasurer,  G.  L 
Clark;  Executive  Committee,  H.  C.  Emerson,  Maxwell  M.  Kahn,  Frederic 
Dannerth;  Co^ncilor,  R.  B.  Riggs.  j,  c.  anbrkwb.  s»tMm 
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GBORGIA  SBCnON. 

On  January  30th,  the  Savannah  sub-section  of  the  Georgia  Section  held 
a  meeting  in  honor  of  President  Herty,  who  gave  an  interesting  address. 

J.  S.  Broodon.  S§cr$tary. 
CHICAGO  SECTION. 

The  regular  meeting  was  held  May  14th.  Dr.  R.  F.  Bacon  gave  an 
address  on,  "Some  Problems  of  Chemical  Industry." 

D.  K.  Frsnch.  S$cr§Utry. 
PHILADELPHIA  SECTION. 

The  regular  meeting  was  held  May  20th.  Program:  *'The  Hydrogen- 
ation  of  Oils,"  by  Carleton  Ellis.  c.  s.  bbxmom.  staeiary. 

LEXINGTON  SECTION. 

The  twenty-fourth  regular  meeting  was  held  April  19th.     Program: 
*  Cuprous  Salts  of  Oxygen  Adds  and  a  New  Method  for  Preparing  Cuprous 
Salts/'  by  Lloyd  C.  Daniels. 

The  twenty^th  legular  meeting  was  held  May  17th.  Program: 
*'Some  Work  on  the  Discovery  and  Suf^ression  of  the  Illegal  Sale  of 
Narcotics  in  Kentucky,"  by  J.  H.  Martin.  uxm  c.  DAmuA  s^attaty. 

ROCHESTER  SECTION. 

The  regular  meeting  was  held  April  19th.  Mr.  Lincoln  Burrows  gave 
a  talk  on,  "The  Manufacture  of  Glycerine." 

The  regular  meeting  was  held  May  17th.  Program:  "Seweragie  of 
Rochester,"  by  John  F.  Skinner.  h.  h.  Tcm<k.  S€cr4tary, 

UNIVERSITY  OF  ILLINOIS  SECTION. 

The  regular  meeting  was  held  May  i8th.  Program:  ''The  Manufacture 
of  SubUmed  White  Lead  and  Other  Lead  Pigments,"  illustrated,  by  Mr. 
John  R.  .MacGr^or;  "The  Production  of  Lead  Ore  and  Pig  Lead  and  the 
Manufacture  of  Certain  Lead  Products,"  illustrated,  by  Mr.  Fred  A. 

Morgan.  Ono.  D.  Bbai,.  Stcrslary. 

CINCINNATI  SECTION. 

The  one  himdred  and  ninety-eighth  regular  meeting  was  held  April 
2 1st.  The  following  papers  were  presented:  "General  and  Historical 
Discussion  of  the  Soap  Industry,"  by  Howard  Dock;  "The  Manufacture 
of  Laimdry  Soaps  and  Soap  Powders,"  by  A.  Campbell;  "The  Manu- 
facture of  Glycerine,"  by  C.  P.  Long.  swi^«  j.  nAvm.  Secr^ry. 

SYRACUSE   SECTION. 

A  special  meeting  was  held  April  19th.  Dr.  F.  C.  Brown,  Professor 
of  Physics  in  the  State  University  of  Iowa,  spoke  on,  '.'Selenium." 


62 

The  ninety-ninth  regular  meeting  was  held  May  i4tB.  ProL  C.  F. 
Mabery  spoke  on,  "The  Relations  of  the  Composition  of  Petroleum  to  Its 
Technology."  h.  b.  k»sk.  Smmmj. 

LOUISIANA  SECTION. 

The  eighty-fifth  meeting  was  held  April  i6th.  Program:  "On  the 
Analysis  of  Fertilizer  Materials,**  by  Chas.  S.  Williamson,  Jr.;  *'Jorinal 
Reviews,"  by  B.  P.  Caldwell  and  H.  W.  Moseley.     p.  w.  LixpsimR.  Sum^ 

CLBYELANO  SBCTION. 

The  regular  meeting  was  held  April  12th.  Dr.  R.  C.  Bexmer  gave  a 
talk  on,  "Smoke  Problem  in  Modem  Industrial  Communities." 

R.  T.  Haslam.  Secretary,  pro  Urn 

The  regular  meeting  was  held  May  loth.  Program:  "By- Products- 
Coke,"  by  Caleb  Davies,  Jr.  a.  p.  o.  GntMAvx.  Secr^^mj. 

ST.   LOUIS  SBCTION. 

• 

The  April  meeting  was  held  April  12th.  Dr.  H.  M.  Whelpley  addressed 
the  section  on,  "How  the  United  States  Pharmacopoeia  is  Revised." 

The  May  meeting  was  held  May  loth.  Dr.  C.  M.  Ritey  addressed  die 
section  on,  "Poisons.**  gw>.  lamc.  j«..  Seaeierj. 

PUGBT  aOUT^  SBCTION, 

The  April  meeting  was  held  April  23rd.  Program:  An  address  by 
Mr.  Darrah  Corbett  of  Chas.  C.  Moore  &  Co.,  on,  **The  Use  of  Coal  as  a 
Fuel.**  Mr.  Jas.  Bagley,  State  Mine  Inspector,  presttited  a  paper  oil 
"Coal  Production  in  Washington,  Its  Importance  as  an  Industry,  and 
Problems  Involved  in  Marketing  the  Product.         h.  l.  Tkuxbuu,  SeerMmj 

NORTHBASTBRN  aMCtlQH. 

The  regular  meeting  was  held  April  i6th.  Program:  "Industrial 
Resources  and  Opportunities  of.  the  South,"  by  A.  D.  Little;  "Drying  d 
Agriculttu*al  Products,**  by  C.  L.  Alsberg.  OHimimA  jomn.  Sttm^. 

BfAINB  SBCTION. 

The  regular  meeting  was  held  May  ist.  The  following  papers  were 
presented:  "Recent  Progress  in  Synthetic  DyestufFs,"  by  Mr.  W.  N. 
Watson,  Instructor  in  Chemistry,  Bates  College;  "A  City's  Milk  Supply/' 
by  Mr.  H.  F.  Ryder,  Bacteriologist  to  the  Turner  Center  Dairying  As- 
sociation; "Coal  Specifications,  Sampling  and  Analysis,"  by  Mr.  Pwry 
Barker,  Fuel  Engineering  Dept.  of  A.  D.  Littie,  Inc.,  Boston,  Mass.; 
"Sodium  Silicate  in  the  Paper  Mill,*'  by  Mr.  J.  N.  Ste^^enaon,  Instructor 
_in  Chemistry,  University  of  Maine.  ^  o.  wnmB. 
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IOWA  sBcnoK. 

The  Spring  meeting  was  held  May  ist,  in  connection  with  the  meeting 
of  the  Iowa  Academy  of  Science  at  Iowa  City.  The  following  program 
was  presented:  "A  Comparison  of  the  Standards  of  Acidimetry  and 
Alkalimetry,"  by  W.  S.  Hendrixsbn;  **The  Anston  Stone  from  Eveton 
Park,  England/'  by  Nicholas  Knight;  "An  Important  Building  Stone 
from  the  Vosges  Mountains/'  by  Nicholas  Knight;  "Studies  on  Bariiim 
Sulfate/'  by  P.  L.  Blumenthal  and  S.  C.  Guernsey;  "A  Comparison  6f 
Some  Kjeldahl  Methods  for  Nitrogen  Determination/'  by  P.  L.  Blumen- 
thal and  G.  P.  Plaisance;  "A  Copper  Amalgam  Standard  Cell/'  by  J.  N. 
Pearce  and  Dieu  Ung  Huong;  "Some  Derivatives  of  4-Nitro-5-Methyl- 
2-Sulfobenzoic  Acid/'  by  W.  J.  Karslake  and  P.  A.  Bond;  "The  Determin- 
ation of  Amino  Nitrogen/'  by  B.  W.  Rockwood  and  Karl  Kullmann; 
"Viscosity  of  Starch  Solutions  and  a  Constant  Head  Viscosimeter/'  by 

H.  F.  Bauer.  p.  a.  bond.  Stcretaty. 

NORTH  CAROLINA  SBCtlOK. 

The  annual  meeting  of  the  Section  was  held  April  19th  and  morning  of 
April  2oth.  Dr.  W.  Lash  Miller  of  the  University  of  Toronto  addressed 
the  Section  on,  "Ph3rsical  Chemistry."  A  supper  was  given  in  honor  of 
Dr.  Chas.  H.  Herty,  President  of  the  American  Chemical  Society-at  large^ 

At  the  morning  session  the  following  officers  were  elected:  President, 
Dr.  J.  W.  Nowell,  Wake  Forest,  N.  C;  Vice-President,  Dr.  J.  K.  Plummer, 
Dept.  Agr.,  Raleigh,  N.  C;  Secretary-Treasurer,  Dr.  J.  T.  Dobbins,  West 
Raleigh,  N.  C;  Councilor  in  the  American  Chemical  Society,  Dr.  A.  S,. 
Wheeler,  Chapel  Hill,  N.  C.  Cha».  e.  bwa,  S4€r€u^. 

MILWAUKISE  SECTION. 

The  February  meeting  was  held  February  26th.  Mr.  F.  W.  Kressman 
gave  an  illustrated  talk  on,  "Some  Chemical  Problems  of  tiie  Forest 
Prodncts  Laboratory." 

The  March  meeting  was  held  March  26th.  Prof.  Harry  McCormafck, 
of  Armoiu"  Institute  spoke  on,  "The  Chemist's  Relation  to  Manufacturing 
Industries." 

The  April  meeting  was  held  April  23rd.  Mr.  W.  W.  Acheson  gave  an 
illustrated  address  on,  "Graphite."  bbh.  l.  s«.omow,  SttnA^y. 

KANSAS  Crrv  SBCTION. 

The  one  hundred  and  ninth  meeting  was  held  April  loth.  Program: 
"The  Radioactive  Metals"  (illustrated  lecture),  by  Prof.  H.  P.  Cady, 
University  of  Kansas;  "Baking  Powders,"  by  Rudolph  Hh-sch,  Ridenour- 
Baker  Grocery  Co. ;  "Methods  Used  by  the  Customs  Service  for  Lead  and 
Zinc  in  Ores,"  by  C.  S.  Curtis,  U.  S.  Assayer. 
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The  one  htmdred  and  tenth  meeting  was  held  May  15th.  Dr.  WnL  P. 
Cutler  of  the  American  Manufacturers'  Association  of  Products  inm 
Com,  spoke  on,  "A  Practical  Talk  on  the  Products  of  Com." 

w.  B, 


ORBGON  SECTION. 

The  twenty-first  regular  meeting  was  held  April  24th.  The  foUowiBg 
papers  were  presented:  "The  Manufacture  and  Testing  of  .Oil  Gas,"  taf 
W.  M.  Berry;  "Teaching  Chemistry,"  by  Norman  C.  Thome. 

p.  A*  OucBTSD.  Sttm^y. 
hWBOGn  VAIXBY  SECTION. 

The  Spring  meeting  was  held  May  12th.  Program:  ''Cement  Industry 
as  a  Source  of  Fertilizer  Material,"  by  Dr.  Frank  K.  Cameron. 

Gso.  C.  B] 


WASHINOTON  SECTION. 

The  two  htmdred  and  fiftieth  meeting  was  held  Thursday,  May  i3tlL 
Program:  ''Vitamines  and  Beri-beri,"  by  R.  R.  Williams,  of  the  Bureau 
of  Chemistry.  b.  c.  mcKatv.  5f<rw>. 

WISCONSIN  SECTION. 

The  May  meeting  was  held  May  12th.  Prof.  E.  V.  McColluin  spoke 
on,  "Recent  Developments  in  Nutrition  Study."  a.  b.  Kosmo.  s^trta^j. 

NEW  HAVEN  SECTION. 

The  regular  meeting  was  held  May  7th.  Mr.  Edward  R.  Taylor  gave 
an  illustrated  lecture  on,  "The  Manufacttue  and  Uses  of  Carbcxi-Bisnlfide, 
with  Special  Reference  to  the  Artificial  Silk  Industry." 

GVOROS  S.  Jamivson.  Stmttary. 
NASHVn^LE  SECTION. 

The  thirty-fourth  meeting  was  held  May  21st.    Ptpgram:    "Hydiogeg 

Sulfide  Generators,"  by  Dr.  J.  I.  D.  Hinds;  "Salvarsaniaed  Serum  in  tbt 

Treatment  oi  Locomotor  Ataxia,"  by  Wm.  Litterer. 

vicxoK  p.  Tjm, 


UNIVERSITY  OI^  MICHIGAN  SECTION. 

The  April  meeting  was  held  April  27th.  Mr.-  F.  A.  Pahrenwald  pre- 
sented a  paper  on,  ''Practical  Substitutes  for  Platinum,  with  'Esptoii 
Reference  to  the  Use  of  Tungsten  and  Molybdenum." 

H.  H.  Wnjuixo, 


xwivERsrrv  op  Missouia  section. 

The  r^ular  meeting  was  held  Friday,  May  7th.  Prol  H.  P.  Cadr, 
of  the  University  of  Kansas,  gave  a  special  lecture  on,  '*The  Occmiqice 
of  Helium  in  Nattu-al  Gas."  m,  i^  mamuam. 
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ALABA2CA  SECTION. 

The  regular  meeting  was  held  May  8th.  Prof.  Jack  P.  Montgomery 
presented  a  paper  entitled:  "The  Effect  of  Lock  ty  on  the  Water  Supply 

<rf  Tuscaloosa."  a.  R.  bum.  J«..  S$er«U»y, 

NORXHKRN-INTQRMOXJNTAIN  SBCTION. 

The  Section  held  its  last  meeting  for  this  fiscal  year,  April  a4th.  The 
following  program  was  rendered:  "The  Effect  of  the  War  on  the  American 
Chemical  Industry,"  by  Dr.  J.  Kostalek,  U.  of  I.;  "The  Wet  Assay  of 
Copper,"  by  Prof.  Elton  Fuhner,  W.  S.  C. 

The  officers  for  the  ensuing  year  were  elected  as  follows:  Chairman^  C« 
L.  von  Ende;  Secretary-Trec^surer,  Geo.  A.  Olson;  Vice  Chairman,  C.  M. 
Brewster;  Councilor,  J.  S.  Jones.  g«o.  a.  olwn.  s$€rttary. 

SOUtHBRN  CAI^n^ORNIA  SECTION* 

The  regular  monthly  meeting  was  held  Msy  2oth.  The  paper  for  the 
evening  was  by  Dr.  W.  P.  Kelley,  entitled,  "Nitrogen  from  the  Standpoint 

of  Plant  Nutrition."  H.  U  Paykb.  Sscrstary. 

PITTSBURGH  SECTION. 

The  one  hundred  and  seventeenth  regular  meeting  was  held  May  2oth. 
Program:  "The  Use  of  Barium  Compounds  in  Glass,"  by  Professor  Alex- 
ander Silverman,  Director  Department  of  Chemistty,  University  of  Pitts- 
burgh; "The  Determination  of  Vapor  Pressures  of  Gases  at  Low  Tempera- 
tures," by  G.  A.  Burrell,  U.  S.  Btu'eau  of  Mines.  c.  g.  stouc,  s§er§iary. 


van't  hoff  fund. 

According  to  the  regulations  of  the  Van't  Hoff  Fund,  founded  June  28, 
1913,  interested  persons  are  sent  the  following  information: 

The  foundation,  mth  headquarters  at  Amsterdam,  is  under  the  super- 
vision of  the  Royal  Academy  of  Sciences,  and  grants  each  year,  before  the 
1st  of  March,  from  the  income  of  the  fund,  certain  sums  to  investigators 
in  the  field  of  pure  and  applied  chemistry  who  have  applied  for  same 
before  November  ist  of  the  previous  year.  At  the  present  time  the 
Committee  in  charge  of  the  fund  consists  of  A.  F.  HoUeman  (President),  S. 
Hoogewerff,  A,  Smits,  F.  M.  Jaeger  (Secretary),  to  whom  applications 
should  be  addressed. 

The  Committee  has  the  privilege  of  enlarging  its  membership  by  the 
appointment  of  others  for  one-year  terms.  The  names  of  grantees  will  be 
published.  Any  individuals  who  have  received  a  grant  are  expected  to 
send  to  the  Committee  copies  of  papers  relating  to  the  results  of  their  work, 
but  they  are  otherwise  at  liberty  to  choose  the  manner  and  place  of  publica- 
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lion,  with  the  simple  reqtiirement  that  they  mention  the  fact  that  the  l^ 
search  was  made  from  an  endowment  received  tmder  the  Van't  Hoff  Fmi 
The  amount  available  for  1916  will  be  approximately  $520.  In  1915, 
a  grant  of  six  hundre4  francs  was  made  to  Dr.  D.  K.  Tsakalotos,  of  Atlies, 
Greece,  for  ''investigations  on  the  viscosity  and  magnetism  of  l»iarT 
mixtures,  which  can  deposit  endothermic  compounds.** 

Applications  should  be  sent,  registered  by  post,  to:  Het  Bestuor  dcr 
Eoninklyke  Akademie  van  Wetenschappen;  bestemd  Voor  de  Conmusae 
van  het  "Van't  HofF  fonds,"  Trippenhuis,  Kloveniersburgwal,  te  Amster- 
dam, with  a  detailed  account  of  the  proposed  use  of  the  grant,  and  of  the 
reasons  on  which  the  candidates  ground  their  claim. 

In  the  name  of  the  Conmiittee  of  thie  "Van't  Hoff  FundJ* 

A.  F.  HoLLEMAN,  Prestdent, 
F.  M.  Jabgbr,  Secretary, 
Amsterdam*  the  month  of  April,  1915. 


lanicd  with  the  July  Namber,  1915. 


Proceedings. 


COUNCIL. 

The  following  committees  have  been  appointed  by  President  Herty 
for  the  coming  year.  According  to  the  Constitution,  their  duties  terminate 
with  the  Spring  Meeting  of  1916: 

Annual  Report  on  Atomic  Weights:    G.  P.  Baxter. 

Business   Methods:    Charles   Baskerville,    Chairman,   A.    B.    Little, 

A.  Lowenstein,  C.  £.  Caspari,  P.  K.  Cameron. 

Denatured  Alcohol:  C.  A.  Crampton,  Ckainnan,  G.  P.  Adamson,  A. 
M.  Breckler. 

Endowment:  George  D.  Rosengarten,  Chairman,  Isaac  Kling  Phelps,. 
G.  F.  Kunz. 

Exchanges:    E.  J.  Crane,  Chairman,  W.  A.  Noyes,  M.  C.  Whitaker. 

Finance  Committee:    E.  G.  Love,  Chairman,  G.  C.  Stone,  A.  E.  Hifl^ 

Inventions  by  Government  Employees:  L.  H.  Baekdand,  Wm.  M. 
Grosvenor. 

Membership:    Frank  K.  Cameron,  Chairman,  W.  D.  Bigelow,  Charles 

L.  Parsons. 

Methods  of  Analysis  for  Potable  Waters  and  Sewage:  Edward  Bar- 
tow, Chairman,  W.  P.  Mason,  H.  E.  Jordan,  E.  H.  S.  Bailey,  W.  W. 
Skinner. 

Occupational  Diseases:  Charles  Baskerville,  Chairman,  G.  P.  Adam- 
son,  H.  K.  Benson,  C.  E-  Coates,  W.  L.  Evans,  F.  W.  Frerichs,  Edw. 
Gudeman,  M.  I.  Hersey,  E.  B.  Phelps,  S.  R.  Scholes,  F.  N.  Smalley, 
H.  W.  Gillette. 

Paper:  F.  P.  Veitch,  Chairman,  W,  A.  Noyes,  A.  D.  Little,  M.  C. 
Whitaker,  E.  J.  Crane,  Vasco  Nunez. 

Patent  and  Related  Legislation:  L.  H.  Baekeland,  Chairman,  E.  A. 
Hill,  A.  D.  Little,  W.  R.  Whitney,  C.  P.  Townsend,  Carleton  Ellis. 

Perkin  Medal:  M.  C.  Whitaker,  Chairman,  G.  E.  Barton,  C.  E.  Mun- 
roe,  T.  B.  Wagner,  A.  M.  Comey,  R.  H.  McKee,  I.  M.  Bregowsky,  J.  R. 
Withrow. 

Revision  of  Methods  of  Coal  Sampling  and  Analysis:  W.  A.  Noyes, 
Chairman,  A.  H.  White,  Perry  Barker,  W.  F.  Hillebrand,  A.  C. 
^ieldner. 

Supervisory  Committee  on  Standard  Methods  of  Analysis:  W.  F. 
Hillebrand,  Chairman,  Clifford  Richardson,  G.  C.  Stone,  H.  P.  Talbot. 

Uniform  State  Laws  for  Regulating  Traffic  in  Opium  and  Coca  Leaves, 
Etc. :    J.  H.  Long,  Chairman,  F.  R.  Eldred,  L.  F.  Kebler,  J.  M.  Francis, 

B.  L.  Murray. 
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MBMBERS  BLBCTED  BBTWBEN  MAY  15  AND  JUNE  15,  I915. 

Baker,  Elbert  C,  2  Central  Ave.,  Ithaca,  N,  Y. 

Barnard,  John  P.,  Carthage,  Mo. 

Bhudkamkar,  P.  P.,  554  West  114th  St,  New  York  City. 

Booth,  Harold  S.,  7107  Clinton  Aye.,  N»  W.,  Cleveland,  O. 

Caldwell,  E.  K.,  6728  Dorchester  Ave.,  Chicago,  111. 

Charron,  Roy  Chester,  426  Newburg  St.,  Boston,  Mass. 

Davies,  John  Burton,  1536  Highland  Ave.,  Lakewood,  O. 

Derr,  E.  W.,  Massena,  N.  Y. 

DriscoU,  J.  E.,  224  E.  34th  St.,  Savannah,  Ga. 

Ducray,  Ra3miond  G.,  Box  51,  Baton  Rouge,  La. 

Eyler,  John  D.,  3416  Mondawmin  Ave.,  Weubrook,  Baltimore,  Md. 

Flaks,  Julius,  4634  N.  Robey  St.,  Chicago,  111. 

Gibbs,  Joseph  H.,  Jordan,  N.  Y. 

Gillson,  Joseph  L.,  706  Forest  Ave.,  Wilmette,  111. 

Hixson,  Arthur  W.,  1024  E.  College  St.,  Iowa  City,  la. 

Kemp,  Emma  L.,  366  Webster  Ave.,  Jersey  City,  N.  J. 

,Kuttner,  Theodore,  15  Central  Park  West,  New  York  City. 

Lippincott,  Wilmot  C,  Cherry  River  Paper  Co.,  Richwood,  W.  Va. 

Lutes,  Neil  T.,  252  No.  Gal.  Ave.,  Freeport,  111. 

Marceau,  Eugene  T.,  5468  Blackstone  Ave.,  Chicago,  111. 

McConnell,  J.  R.,  471  Manhattan  Ave.,  New  York  City. 

Morgan,  Henry  S.,  673  Rutherford  Ave.,  Trenton,  N.  J. 

Morse,  Henry  E.,  448  Columbia  Ave.,  Palmerton,  Pa. 

Mosconyi,  Emilio,  Box  158,  San  Salvador,  San  Salvador,  C.  A. 

O'Brien,  John  F.,  215  5th  Ave.,  Mechanicsville,  N.  Y. 

Rew,  Geo.  C,  4100  Fillmore  St.,  Chicago,  111. 

Slocum,  F.  L.,  401  S.  Linden  Ave.,  Pittsburgh,  Pa. 

Smith,  Mabel,  mo  East  64th  St.,  Chicago,  111. 

Stillwagon,  S.  C,  2637  Grand  Ave.,  Chicago,  111. 

Thorbum,  Robert  R.,  1801  Reid  St.,  Los  Angeles,  Calif . 

Urquhart,  George  G.,  4217  Pine  St.,  Philadelphia,  Pa, 

Weer,  George  L.,  Newport,  Del. 

Weidig,  J.  Kleinhans,  206  Clifton  Ave.,  Newark,  N.  J. 

Weinik,  Samuel,  1770  Madison  Ave.,  New  York  City. 

Woliung,  Wm.,  Jarechi  Chemical  Co.,  Sandusky,  O. 

Yonge,  Wm.  K.,  135  River  Ave.,  San  Antonio,  Texas. 


MEETINGS  OF  THE  SECTIONS. 

(Full  accounts  of  all  meetings  should  be  sent  to  Secretary  Charles  L.  Fusoos. 

Box  505,  Washington,  D.  C] 

UNIVERSITY  or  MISSOURI  SECTION. 

The  sixtieth  regular  meeting  was  held  May  21.    Mr.  Benjamin  E.  Sht 
spoke  on  "A  New  Indicator  of  the  Azo  Type."      m.  u  HAxncAmr.  s^tr^my,     | 

PHILADELPHIA  SECTION. 

The  regular  meeting  (the  last  tmtil  October)  was  held  June  19. 
Program:    "Photography  in  Natural  Colors,"  by  Dr.  Henry  LeSmaiai. 

*  Philadelphia.  ex  S.  BanmMr,  Sm^my^ 
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MILWAUKEE  SECTION. 

The  meeting  held  by  the  Milwaukee  Section  on  May  19  was  de- 
voted to  showing  moving  pictures  of  the  following  industries: 

"Making  Pulp  and  Paper/'  by  the  Minnesota  and  Ontario  Power 
Company. 

"Making  Pure  Food  Products,"  by  the  H.  J.  Heinz  Company. 

"The  Fixation  of  Atmospheric  Nitrogen,"  by  the  American  Cyanimid 

Company.  B«ii  L.  Sai^omon .  Suraary, 

NEW  YORK  SECTION. 

The  seventh  regular  meeting  of  the  session  of  19 14-15  was  held  in 
conjunction  with  the  New  York  Sections  of  the  Soc  of  Chem.  Ind.  and 
the  Am.  Blectrochem.  Soc.  under  the  auspices  of  the  Soc.  of  Chem.  Ind. 
on  May  21.    The  program  was  as  follows: 

"The  Cracking  of  Petroleums,"  Benjamin  T.  Brooks. 

"A  Convenient  Form  of  Receiver  for  Fractional  Distillation  under 
Diminished  Pressure,"  Marston  T.  Bogert. 

"The  Synthesis  of  the  Cymene  Carboxylic  Adds,"  J.  R.  Tuttle  and 
Marston  T.  Bogert. 

The  eighth  regular  meeting  of  the  session  of  1914-15  was  held  June  11. 
The  program  was  as  follows: 

"Studies  on  Amylases  VIII-XII,"  H.  C.  Sherman,  M.  D.  Schles- 
inger,  A.  W.  Thomas,  A.  P.  Tanberg  and  P.  W.  Punnett. 

"  Nephelometry  (Photometric  Analysis)  I.  History  of  Method  and 
Demonstration  of  Instruments,"  Philip  A.  Kober. 

"On  the  Rate  of  Evaporation  of  Bther  from  Oils  and  Its  Application 
in  Oil-Bther  Anesthesia,"  Chas.  Baskerville.  c.  m.  jotcs.  Sfo-^Mry. 

prrrsBURGH  section. 
The  one  hundred  and  eighteenth  regular  meeting  was  held  Jime  17. 
Program:    "Portland  Cement:  Its  Composition,  Properties,  and  Its 
Relation  to  Other  Hydratilic  Cements,"  by  P.  H.  Bates,  U.  S.  Bureau  of 

Standards.  C.  G.  Storm,  Stcretary. 

CORNELL  SECTION. 

The  Section  met  May  31. 

Program:  "The  Fractional  Electrolysis  of  Solutions  of  the  Rare 
Earths,"  by  P.  A.  van  der  Meulen. 

"The  Determination  of  Minute  Amounts  of  Arsenic,"  by  F.  R.  Georgia. 

"Binary  Systems:  Ammonia,  Sodium  Chloride;  Ammonia,  Sodium 
Bromide;  Ammonia,  Sodium  Iodide,"  by  I.  E.  Lee. 

At  the  meeting  of  May  31,  the  following  ofiScers  were  elected  to  serve 
for  the  ensuing  year:  T.  R.  Briggs,  President;  S.  A.  Mahood,  Vice-Presi- 
dent; J.  A.  Bridgman,  Sec, -Treasurer;  Executive  Committee,  Officers  and 
T.  W.  B.  Welsh,  F.  E.  Rice,  P.  A.  van  der  Meulen. 

O.  R.  OvSKMAN*  Stcretary. 
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SOUTHERN  CALIFORNIA  SECTION. 

The  June  meeting  was  held  June  15  at  Eighth  and  Broadway.  It 
a  joint  meetingf  with  the  societies  of  Civil  Engineers,  Electrical  Eiigi]ieers» 
Mechanical  Engineers,  Mining  Engineers,  Architects,  and  Engineers  and 
Architects,  and  American  Chemical  Society  of  Los  Angeles. 

The  meeting  was  addressed  by  Wm.  Mulholland  and  by  Dr.  James  A 
B.  Scherer,  president  of  Throop  College  of  Technology,  on  the  subject, 
"Service  of  the  Technical  Man  to  the  Community." 

H.  L^  'Pawwol  Stermmf" 

UNIVERSITY  OF  MICHIGAN  SECTION. 

The  last  meeting  of  the  Section  was  held  June  i .  Papers  were  given  faj 
Mr.  L.  H.  Greathouse  on  "The  Use  of  Periodates  in  Quantitative  Anal- 
ysis," and  by  Mr.  H.  T.  Hood  on  "The  Carbonization  of  Steel  by  Means 

of  Gas."  H.  H.  Wox-AUu  Stawtmy. 

DETROIT  SECTION. 

At  the  Annual  Meeting,  held  May  20,  the  following  officers  were  elected 
to  serve  during  the  ensuing  year:  Charles  T.  Bragg,  President;  Howard 
T.  Graber,  Vtce-President;  Edward  J.  Gutsche,  Secretary;  James  H. 
Bogart,  Treasurer.  Edw.  j.  cuncn.  Smm!*?. 

NASHVII.LE  SECTION. 

At  the  May  meeting  the  following  officers  were  elected  to  serve  for  the 
ensuing  year:  Prof.  J.  I.  D.  Hinds,  Chairntan;  Prof.  E.  A.  Ruddiniaii, 
Vice-Chairman;  Victor  P.  Lee,  Secretary^Treasurer;  Councilor,  Prof.  W. 
H.  HoUinshead.  vienm  p.  xm^  s^Mt^y. 

SOUTH  CAROUNA  SECTION* 

The  third  meeting  of  the  Section  was  held  May  28. 

Program:  R.  N.  Brackett  (read  by  Mr.  Wm.  G.  McLeod),  "Deter- 
mination of  Lint  in  Cottonseed  Meal."  E.  P.  Venner  (read  by  Mr.  J.  W. 
Rhea),  "The  Position  of  the  Chemist  in  the  Industries."  R.  M.  Simpsoo, 
"Determination  of  Crude  Fiber."  Boyden  Nims,  "Enacymes."  C  W. 
Rice,  "Determination  of  Sulfur  in  Pyrites  Ore,"  A.  C.  Doyle.  "Adul- 
teration of  Drugs."  J.  E.  Mills,  "The  Specific  Heat  of  the  Bements.** 
Dr.  F.  A.  Coward,  "Disinfectants."  J.  E.  Mills,  "On  Some  Pressure- 
Volume — ^Temperature  Relations."  a.  c.  SmatBn^  S9tnim% 

WESTERN  NEW  YORK  SECTION. 

On  May  26  the  Section  attended  a  meeting  of  the  Buffalo  Academy  of 
Medicine,  Section  of  Pathology,  at  which  was  presented  "A  New  Con- 
ception of  the  Physical  Basis  of  Life,"  with  experimental  demonstratiaii, 
by  Dr.  G.  H.  A.  Clowes. 

The  following  officers  were  elected  to  serve  for  the  ensuing  year:  Lewis 
E.  Saunders,  President;  J.  A.  Miller,  jst  Vice-President;  J.  G.  Mdendy* 
2nd  Vice-President;  Ray  H.  White,  Secretary;  R.  C.  Snowdon,  Treasurer; 
Walter  Wallace  and  W.  H.  Watkins,  Councilors.        m.  j.  bk^ww. 


Imacd  with  the  Augiist  Nvmbcr,  1915. 
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COUNCIL, 

MpMBBRS  ELBCTBD  BETWEEN  JUNE   1 5  AND  JULY   1 5,    1915. 

Bache,  William  A.,  1912  No.  21st  St.,  Philadelphia,  Pa. 

Bright,  H.  A.,  1437  Belmont  St.,  Washington,  D.  C. 

Briscoe,  Henry  V.  A.,  33  Bargerey  Rd.,  Catford,  S.  E.,  England. 

Bnmdage,  Edward  F.,  Thomsen  Chemical  Co.,  Baltimore,  Md. 

Chiu,  Yan  Tsz»  Canton  Christian  College,  Canton,  China. 

D'Eustachio,  Gabriele  G.,  175  Water  St.,  Perth  Amboy,  N.  J. 

Dunning,  W.  G.,  Hudscm  Heights,  N.  J. 

Ferguson,  George  E.,  315  West  137th  St.,  New  York  City. 

Foumess,  C.  A.,  Cr.  Kimberly-Clark  Co.,  Kimberly,  Wise. 

Georgia,  P.  R.,  Morse  Hall,  Ithaca,  N.  Y. 

Hartzelly  Arthur  R.,  130  N.  9th  St.,  Allentown,  Pa. 

Hoffman,  A.  p.,  622  Kirtland  St.,  Pittsburg,  Pa. 

Holmes,  James  E.,  1308  Linden  Ave.,  Baltimore,  Md. 

Kelly,  James  A.,  406  Nutts  Ave.,  Phoenixville,  Pa. 

Kraybill,  Henry  R.,  Box  413,  State  College,  I'a. 

Lennox,  Frank  J.,  48  Front  St.,  Woonsocket,  R.  I. 

MacMichael,  R.  F.,  Auburn,  Wash. 

Marshall,  Albert  E.,  50  E.  41st  St.,  New  York  City. 

Mayer,  Otto,  Jr.,  Box  X33,  Sheffield,  Pa. 

Morgan,  Henry  H.,  Jr.,  Parlin,  N.  J. 

Pfeil,  Ralph  T.,  4261  Viola  St.,  Philadelphia,  Pa. 

Plate,  Richard  P.,  115  Morris  St.,  Jersey  City,  N.  J. 

Roscoe,  Harry  R.,  305  Norton  St.,  Kansas  City,  Mo. 

Ryan,  Roger  W.,  Auburn,  Wash. 

Spangler,  Samuel  F.,  1230  N.  41st  St.,  Philadelphia,  Pa. 

Stockinger,  Otto  E.,  Winyah  Sanatorium,  Asheville,  N.  C. 

Walsh,  James  P.,  81  Buena  Vista  Ave.,  Yonkers,  N.  Y. 

Walter,  Robinson  F.,  424  Pawnee  St.,  So.  Bethlehem,  Pa. 


MEETINGS  OF  THE  SECTIONS. 

[PuU  accounts  of  all  meetings  should  be  sent  to  Secretary  Charies  L.  Parsons,  Box  505 , 

Washington,  D.  C] 

OREGON  SBCnON. 

The  twenty-second  regular  meeting  was  held  May  29.  Mr.  Walter  P. 
Shuck  presented  a  paper  on  "Electrolytic  Process  for  the  Manufacture  of 
Oxygen  and  Hydrogen."  f.  a.  olhst^d,  Stcretary. 

CHICAGO  SECTION. 

At  the  meeting  held  May  14  the  following  officers  were  elected  to  serve 
the  Section  for  the  ensuing  year:  Chairmanj  W.  D.  Harkins;  ist  Vice- 
Chairman,  L.  I.  Shaw;  2nd  Vice-Chairman,  F.  L.  Dunlap;  Secretary,  D. 
K.  French;  Treasurer,  O.  Eisenschiml. 
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The  June  meeting  was  held  June   ii.     Program:   "Some  Notes  oo 
Permutit,"  D.  K.  French;   "Some  of  the  Ductless  Glands  during  Intn- 
Uterine  Life,"  Frederick  Fenger;  "Crude  Fiber  in  Prepared  Mustard,** 
C.  L.  Munroe;  "Oil  Fires  in  the  Texas  and  Oklahoma  Districts,"  G.  B. 
James.  d.  k.  funcb.  s^emmj. 

ALABAMA  SECTION. 

The  regular  meeting  was  held  on  the  evening  of  May  8th.  The  paper 
of  the  evening:  "The  Effects  of  Lake  Bankhead  on  the  Water  Supply 
of  Tuscaloosa,  Alabama,"  by  Dr.  Jack  P.  Montgomery. 

A.  R.  BuMc  JB.,  Seotitarf. 
EASTERN  NEW  YORK  SECTION. 

A  meeting  of  the  Section  was  held  Friday  evening.  May  28tli.  The 
address  was  given  by  Dr.  J.  M.  Nelson,  Professor  of  Organic  Chemistry, 
Columbia  University,  who  spoke  on  "The  Election  Conception  of  Va- 
lence." W.  B.  RSSDSS.  ^^evCflry. 

ST.  LOUIS  SECTION. 

The  June  meeting  was  held  Monday  evening,  the  14th,  at  the  Amer- 
ican Hotel.  Dr.  Caspari  brought  up  a  question  of  professional  ethks 
which  led  to  a  discussion  on  ethics  which  took  up  the  major  portioD  of 
the  evening.     Attendance,  23.     At  the  dinner,  16. 

GSO.  I«AHO,  Jk.,  gjlilf  J. 

PITTSBURGH  SECTION. 

The  one  hundred  and  eighteenth  regular  meeting  was  held  June  17. 

W.  C.  Cope  was  elected  Secretary,  vice  C.  G.  Storm,  resigned,  and 
Charles  E.  Nesbitt  was  elected  Treasurer,  vice  C.  A.  Lambert,  resigned, 
both  retiring  officers  resigning  on  accotmt  of  leaving  the  dty. 

The  paper  of  the  evening,  "Portland  Cement:  Its  Composition,  Proper- 
ties, and  Its  Relation  to  Other  Hydraulic  Cements,"  was  given  by  P.  H. 
Bates,  United  States  Bureau  of  Standards,  illustrated  by  lantern  slides^ 

A  two-reel  motion  picture,  prepared  by  the  United  States  Bureau  of 
Mines,  was  projected,  showing  method  of  manufacture  of  Portland  cement 
at  the  Dickinson,  111.,  plant  of  the  Marquette  Cement  Company. 

W.  C.  Con.  ^MTMfary. 

I 


DECEASED. 

Albert  Plant,  120  William  St.,  N.  Y.  City,  Jime,  1915. 

P.  W.  Spanutius,  Hastings-on-Hudson,  N.  Y.,  June  20,  1915. 


Issued  with  the  September  Number,  1915. 
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COUNCIL. 

President  Herty  appointed  Drs.  Edmund  O'Neil,  E.  C.  Franklin,  and 
H.  K.  Benson  delegates  of  American  Chemical  Society  to  San  Francisco 
Meeting  of  American  Institute  of  Mining  Engineers,  Sept.  16-18,  1915. 

President  Herty  appointed  Dr.  Raymond  F.  Bacon  as  representative 
of  American  Chemical  Society  to  cooperate  with  committee  of  Institute 
of  Chemical  Engineering,  in  the  supervision  of  the  Chemical  Engineer- 
ing Catalog,  now  in  progress- 

NAVAL  ADVISORY  BOARD  APPOINTMENT. 

July  26,  191 5. 

THE   COLNCIL   OP   THE   AMERICAN   CHEMICAL   SOCIETY. 

Gentlemen: 

By  direction  of  President  Herty,  I  am  writing  to  each  one  of  you,  asking 
you  to  nominate  two  members  of  our  Society  to  serve  on  the  Naval  Ad- 
visory Board,  of  which  Mr.  Thomas  A.  Edison  is  to  be  Chairman.  You 
have  all  seen  in  the  public  press  the  announcement  of  the  formation  of 
this  Board  by  Secretary  Daniels,  and  you  will  accordingly  understand 
its  purposes  and  functions.  Briefly,  it  is  a  Board  to  advise  the  Secretary 
of  the  Navy  in  regard  to  new  inventions  and  possible  methods  of  improving 
the  defensive  and  offensive  qualities  of  the  American  Navy.  The  fol- 
lowing is  an  extract  from  Secretary  Daniels'  letter: 

**Will  you  not,  as  President  of  the  American  Chemical  Society,  arrange 
to  secure  the  selection  of  two  of  its  members  to  serve  on  this  Advisory 
Board?  I  feel  that  the  work  your  society  has  done  has  been  such  as  to 
give  it  the  right  to  be,  in  a  way,  ofiicially  represented,  and  the  Navy 
Department  desires  in  this  way  to  testify  to  its  own  appreciation  of  the 
splendid  work  for  om*  country  that  your  society  has  done.  In  addition, 
I  feel  that  the  judgment  of  your  members  as  to  who  is  best  qualified 
among  you  to  serve  on  this  Board  will  be  far  better  than  my  own. 

"I  am  going  to  ask  you,  by  a  poll  by  letter  of  your  members,  or  in 
whatever  way  seems  to  you  most  certain  of  securing  the  men  desired  by 
the  majority  of  your  organization,  to  choose  two  of  your  members  to  serve 
on  this  Board,  and  it  will  give  me  great  pleasure,  when  you  have  furnished 
these  names,  to  extend  the  gentlemen  the  formal  invitation  of  the  De- 
partment.** 

Please  place  two  nominations  on  a  slip  of  paper  and  place  it  in  the  in- 
closed ballot  envelope.  Your  name  must  be  written  on  the  outer  envelope 
to  identify  the  nomination,  but  it  must  not  appear  either  on  or  in  the 
ballot  envelope. 
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Should  there  be  no  majority  vote  for  any  individual,  as  required  by  the 
Constitution,  unless  objection  is  made,  President  Herty  wiQ  appobt 
two  of  the  nominees  to  the  Board. 

Please  give  this  matter  your  prompt  attention, 

Very  truly  yoiu-s, 

Charles  L.  Parsons,  Secretary. 

On  August  1 6,  19 15,  the  ballot  was  counted  by  a  Committee  omsisDiif 
of  F.  K.  Cameron,  R.  E.  O.  Davis  and  Charles  L.  Parsons,  and  report 
was  made  to  President  Herty.  Accordingly,  he  has  sent  the  names  of 
W.  R.  Whitney  and  L.  H.  Baekeland  to  Secretary  Daniels. 


MEMBERS  ELECTED  BETWEEN  JULY  15  ANP  AUGUST   15,   1915. 

Ashton,  Fred  W.,  College  of  Agr.,  Los  Banos,  P.  I. 

Baker,  Donald  M.,  317  Main  St.,  Springfield,  Mass. 

Barrett,  Wm.  F.,  426.  St.  Bldg.,  New  York  City. 

Bartlett,  Wm.  J.,  3820  Jackson  Blvd.,  Chicago,  111. 

Bonsall,  Geo.  O.,  673  St.  Hypolite  St.,  Baton  Rouge,  La. 

CimliflFe,  Russell  W.,  163  Martin  St.,  Milwaukee,  Wise. 

Gorman,  George  F.,  Coint  Ave.  &  13th  St.,  S.  W.,  Canton,  O. 

Gruber,  Rudolf  E.,  114  Fenway,  Boston,  Mass. 

Harris,  John  P.,  Emporium,  Pa. 

Hulings,  H.  C,  Leonia,  N.  J. 

Magnusson,  Carl  E.,  4521  19th  Ave.,  N.  E.,  Seattle,  Wash. 

Nelson,  David  L.,  132  Cattell  St.,  Easton,  Pa. 

Pershall,  E.  E.,  Kettle  River  Co.,  Madison,  111. 

Polack,  Wifrid  G.,  Castner  Kellner  Alkali  Co.,  Runcorn,  Eng. 

Rouaix,  Pastor,  Vera  Cruz,  Mexico. 

Smith,  Victor  J.,  6107  Carnegie  Ave.,  Cleveland,  O. 

Southwell,  Ray,  Wichita  Flour  Mills  Co.,  Wichita,  Kans. 

Strubin,  Paul,  1215  W.  Allegheny  Ave.,  Philadelphia,  Pa. 

Theriatdt,  Emery  J.,  U.  S.  Public  Health  Service,  Cincinnati,  O. 

Trigg,  Charles  W.,  359  Meyran  Ave.,  Pittsbtu^h,  Pa. 

Vesely,  Frank  A.,  180  Boston  Ave.,  Tufts  College,^  Mass. 

Wentsler,  E.  G.,  506  Mulberry  St.,  Scottdale,  Pa. 

Westman,  Leroy  E.,  317  Queen  St.,  Ottawa,  Canada. 


DECEASED. 

Gail  Mersereau,  414  3rd  Ave.,  Brooklyn,  N.  Y.,  July  14,  1915. 
John  M.  Davison,  The  Upham,  Santa  Barbara,  Calif.,  July,  1915- 
T.  B.  Stillman,  Fairmount  Hotel,  Jersey  City,  N.  J.,  Aug.  10,  1915- 


iMttcd  whh  tlic  Oetobcr  Nomber,  1913. 


Proceedings- 


GENERAL  MEETING. 

The  Fifty-first  Meeting  of  the  American  Chemical  Society  was  held 
in  Seattle,  Washington,  August  30  to  September  3,  1915,  inclusive.  The 
members  came  to  Seattle  from  many  directions  although  a  special  car 
brought  thirty-three  over  the  Great  Northern  railroad  on  the  evening  of 
the  30th.  Those  who  came  in  the  special  car  spent  August  29th  in  Glacier 
National  Park.  The  Meeting  was  opened  by  an  address  of  welcome 
by  the  Dean  of  the  University  of  Washington  to  which  response  was 
made  by  President  Herty.  A  general  meeting  was  then  called  to  order 
and  listened  to  an  address  by  Leo.  H.  Baekeland  on  "Chemical  Industry" 
and  a  second  address  by  H.  K.  Benson  on  "Industrial  Resources  and  Op- 
portunities of  the  Pacific  Northwest."  Following  these  addresses  the 
Society  continued  in  general  session  until  noon  of  the  following  day  hold- 
ing public  symposiums  for  which  the  following  papers  were  presented: 

Part  I.  Continuation  of  series  of  papers  first  presented  at  New  Orleans 
on  the  Chemist's  Contributions  to  Industry  as  follows: 

"The  Contributions  of  the  Chemist  to  the  Naval  Stores  Industry," 
by  John  E.  Teeple. 

"Contributions  of  the  Chemist  to  the  Iron  and  Steel  Industry,"  by 
George  W.  Sargent. 

"Contributions  of  the  Chemist  to  the  Iron  and  Steel  Industry,"  by  A. 
S.  Cushman. 

"Contributions  of  the  Chemist  to  the  Art  of  Soap  Making,"  by  M. 
H.  Ittner. 

"Contributions  of  the  Chemist  to  the  Perfumery  Industry,"  by  B. 
T.  Beiser. 

"Contributions  of  the  Chemist  to  the  Lead  Industry,"  by  G.  W. 
Thompson. 

"Contributions  of  the  Chemist  to  the  Paint  and  Varnish  Industry," 
by  Maximilian  Toch. 

"Contributions  of  the  Chemist  to  the  Photographic  Industry,"  by 
Francis  C.  Frary. 

"Contributions  of  the  Chemist  to  the  Pharmaceutical  Products  In- 
dustry," by  Frank  R.  Eldred. 

"Contributions  of  the  Chemist  to  the  Hardwood  Distillation  Industry," 
by  S.  W.  Katzenstein. 

"Contributions  of  the  Chemist  to  the  Packing  House  Products  Indus- 
try," by  Arthiu-  Lowenstein. 

"Contributions  of  the  Chemist  to  the  Electrochemical  Industry," 
by  W.  S.  Landis. 
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Part  II.     Symposium  on  the  Chemistry  of  Wood  DistiUatioD. 

"Chemical  Engineering  of  the  Hardwood  Distillation  Industry,"  br 
James  R.  Wi throw. 

■What  Chemistry  Has  Done  to  Aid  the  Utilization  of  Wood,"  by  S. 
F.  Acree. 

,  "The  Study  of  the  Tannin  Content  of  Douglas  Fir  and  Western  Spn» 
Sawmill  Waste,"  by  H.  K.  Benson  and  Thomas  G.  Thompson. 

"Yield  of  By-Products   from   the   Destructive   Distillation  of  Soot 
Western  Conifers,**  by  H.  K.  Benson  and  Marc  Darrin- 

"The  Extraction  of  Resinous  Wood  by  Ammonia,"  by  H.  K.  Bcosob 
and  Newton  Crites. 

'Discoloration  of  Maple  in  the  Kiln,"  by  Roy  C.  Judd. 
Waste  Pine  Wood  UtiUzation,"  by  John  E.  Teeple. 

"The  Chemical  Composition  of  the  Light  Oil  from  the  Destructht 
Distillation  of  Resinous  Woods,"  by  R.  E.  Rose  and  A.  G.  Bissell. 

"Manufacture  of  Ethyl  Alcohol  from  Wood  Waste.  II.  The  Hj-di* 
ysis.  of  White  Spruce,"  by  F.  W.  Kressmann. 

"The  Application  of  the  Davis  Spot  Test  in  the  Preliminary  Exaniiai- 
tion  of  Creosotes,"  by  Homer  Cloukey. 

"Isoprene  from  Beta-pinene,"  by  A.  W.  Schorger  and  Ralph  Saytt 

"The  Distillation  of  Douglas  Fir  at  High  Temperatures,"  by  Bafler 
Tremper. 

"The  Manufacture  of  Ethyl  Alcohol  from  Wood  Waste.  III.  Westo 
Larch  as  a  Possible  Raw  Material,*'  by  F.  W.  Kressmann. 

"The  Production  of  Acetone  from  Pyroligneous  Add,"  by  Marc  Darria 

Additional  papers  read  in  general  session: 

"The  Relation  of  Water  Power  to  Chemical  Industry,**  by  Henry 
J.  Pierce.  * 

"The  Seattle  Water  Supply,*'  by  John  Weinzirl. 

"The  Composition  and  Properties  of  Activated  Sludge,"  by  Edwiri 
Bartow  and  W.  D.  Hatfield. 

On  Wednesday  afternoon  the  various  additional  programs  were  hdd 
as  well  as  the  election  of  additional  officers  for  19 16.  Titles  of  papcs 
presented  to  Divisions  are  printed  in  the  October  issue  of  the  Jowu 
of  Industrial  and  Engineering  Chemistry,  On  the  evening  of  the  31st 
a  coinplimentary  Smoker  was  given  by  the  Seattle  Commercial  OA 
at  which  Prof.  Meany  gave  a  beautifully  illustrated  lecture  with  (xktti 
slides  on  Mt.  Ranier.  The  members  were  also  entertained  by  a  Japaaes 
sword  contest  and  by  a  Chinese  cartoonist.  Besides  the  usual  attractkos 
of  the  excursions  and  the  President*s  address,  the  ladies  were  givffl  spedai 
entertainment  of  a  reception  and  tea  on  the  University  Campus  Toesr 
day,  August  31st,  and  an  organ  recital  the  same  evening.  On  Wednesdir 
they  were  given  a  special  drive  by  automobile  through  the  parks  ttl 
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boulevards  of  Seattle.  On  Wednesday  the  members  were  treated  to  an 
automobile  trip  through  the  beautiful  parks  and  boulevards  of  Seattle 
and  on  Wednesday  evening  at  8  p.m..  President  Charles  H.  Herty  gave 
his  presidential  address  entitled  ''Cooperation  in  Matters  Chemical/' 
before  a  large  audience.  On  Thursday  a  complimentary  excursion  was 
made  on  a  specially  chartered  steamer  on  Puget  Sotmd  and  refreshments 
were  served  to  members  and  guests  present.  Thtu^day  evening  a  sub- 
scription banquet  closed  the  regular  meeting  of  the  Society,  although 
other  excursions  were  enjoyed  on  Friday.  On  Friday,  September  3rd, 
a  portion  of  the  members  were  taken  by  private  yachts  on  Puget  Sound 
to  Tacoma  and  visited  plants  there,  while  a  party  of  twenty-nine  took 
automobiles  from  Tacoma  to  Mt.  Rainier  National  Park,  over  one  of  the 
most  beautiful  drives  in  America.  Saturday  spent  in  Portland  as 
the  guests  of  the  Oregon  Section.  The  members  were  met  at  the  train 
at  8  A.M.  and  were  taken  direct  to  one  of  Portland's  hotels  where  a  com- 
plimentary breakfast  was  served.  By  automobile  the  members  then 
visited  either  the  new  Gas  Plant  of  the  city  or  the  Willamette  Paper 
Company  Works  at  Oregon  City.  Following  these  visits,  the  members 
met  for  a  complimentary  luncheon  at  Portland's  most  beautiful  Country 
Club.  After  lunch  the  members  were  shown  around  Portland  by  auto- 
.  mobile  and  met  at  4  o'clock  to  listen  to  a  lecture  by  Messrs.  Burger  and 
Jones,  illustrated  by  colored  photography  lantern  slides  showing  scenes 
along  the  Columbia  River  and  views  of  Mt.  Hood  and  Mt.  St.  Helen& 
This  set  of  views  is  probably  the  most  remarkable  and  beautiful  chemical 
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reproductions  of  nature  that  have  ever  been  shown  before  an  audience. 
The  day  was  thoroughly  enjoyed  by  members  present.  On  September 
5th,  twenty-five  members  who  had  come  through  together  to  San  Francisco 
were  entertained  ^t  dinner  at  Techau  T^^vem  by  the  members  of  the 
California  Section  in  the  usual  hospitable  manner  so  characteristic  of 
California  chemists.  The  registration  at  Seattle  showed  the  presence 
of  106  members  of  the  Society  and  119  guests. 
Meetings  of  the  Divisions  were  held  as  follows: 

Divison  of  Agricultural  and  Food  Chemistry. 

In  the  absence  of  the  chairman  and  vice-chairman,  Charles  £.  Coates 
was  appointed  actiAg  chairman  by  President  Herty.  The  division  held 
its  meeting  jointly  with  the  Division  of  Pharmaceutical  and  Biological 
Chemistry.  Election  of  oflScers  for  the  coming  year  resulted  as  follows: 
L.  M.  Tolman,  Chairman;  W.  D.  Bryan,  Vice-Chairman;  George  B.  Taylor, 
Secretary;  A.  V.  H.  Mory,  H.  A.  Huston,  E.  R.  Smith,  Executive  Committee, 

Charles  E.  Coates,  Acting  Chairman. 
Division  of  Biological  Chemistry. 

The  Pharmaceutical,  the  Agricultural  and  Food  Chemistry,  and  the 
Biological  Chemistry  Divisions  held  a  joint  session  for  the  reading  and 


78 

discussion  of  papers.  At  the  dose  of  the  joint  session,  the  Biolopol 
Chemistry  Division  held  its  annual  meeting.  A  motion  to  omit  the  dn* 
tion  of  new  officers  was  duly  made  and  passed.  After  a  disoisskad 
several  topics  of  interest  to  the  work  of  the  division,  the  meetiiig  ad- 
journed. The  vote  of  the  division  as  stated  above  leaves  the  presot 
officers  in  power  for  another  year  by  the  by-laws  of  the  division.  Ther 
are  as  follows:  Carl  L.  Alsberg,  Chairman;  I.  K.  Phelps,  Vict-Ckainm 
and  Secretary.  Executive  Committee:  W.  D.  Bancroft,  ChatnnM; 
Bdward  Ejremers,  D.  D.  Van  Slyke,  A.  W.  Dox,  A.  D.  Emmett 

Isaac  Elmo  Phblps,  Sectelary. 
Division  of  Physical  and  Inorganic  Chemistty. 

The  Division  of  Physical  and  Inorganic  Chemistry  met  in  Room  2(4 
Bagley  Hall  at  1.30  p.m.,  September  ist.  In  the  absence  cl  the  dab' 
man  and  of  the  secretary,  B.  C.  Franklin  and  S.  J.  Bates  were  appotnted 
chairman  and  secretary  pro  tem,  respectively.  Upon  the  snggestkm  d 
the  Nomination  Committee,  the  following  officers  were  elected  for  tk 
coming  year:  £.  W.  Washburn,  Chairman;  I.  Langmuir,  Vice-Chairwtm; 
James  Kendall,  Secretary;  Executive  Committee:  A.  W.  Brown,  W.  E 
Henderson,  A.  B.  Lamb,  P.  K.  Cameron,  H.  P.  Cady. 

SruART  J.  Batbs,  Secretary  fro  tem. 
Organic  Division. 
On  account  of  the  absence  of  the  regular  officers  of  the  divisioii,  Pres- 
dent  Herty  appointed  Dr.  W.  J.  Hale  as  acting  chairman  and  Dr.  E 
If.  Pisher  as  acting  secretary.  The  following  officers  were  elected  for 
the  ensuing  year:  C.  G.  Derick,  Chairman;  H.  L.  Pisher,  Vice-Ckatrmn 
and  Secretary;  Executive  Committee:  P.  B.  Allan,  W.  J.  Hale,  B.  E.  Rot 

H.  L.  PiSHBR,  Acting  Secretary. 
Division  of  Industrial  Chemists  and*Cheniical  BnginearB. 
The  papers  read  before  the  division  were  presented  in  the  genoil 
meeting  as  already  outlined.  The  meeting  appointed  a  committee  to 
present  nominations  for  officers  for  the  ensuing  year.  The  fdkmiaf 
were  duly  elected:  H.  E.  Howe,  Chairman;  R.  P.  Bacon,  Vice-Chairman 
S.  H,  SaUsbtuy,  Jr.,  Secretary;  Executive  Committee:  M.  C.  Whitate, 
W.  P.  Hillebrand,  C.  H.  Herty,  H.  K.  Benson,  J.  R.  Withrow,  S.  W.  Ite. 

Division  of  Pharmaceutical  Chemistiy. 

The  division  held  a  joint  meeting  with  Divisions  of  Biological  and  of  Agri- 
cultural and  Pood  Chemistry  for  the  reading  of  papers.  The  fdknnflf 
officers  were  elected  for  the  ensuing  year:  J.  H.  Long,  Chairman;  H.  V, 
Amy,  Vice-Chairman;  Geo.  D.  Beal,  Secretary;  Executive  CommiOtt: 
P..R.  Eldred,  C.  W.  Johnson. 

P.   R.   Eldrsd,   ChairmatL 
The  above  has  been  duly  entered  on  the  minutes  of  the  Society. 

Charles  L.  Parsons,  Secretary. 
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COUITCIL  MEETINGS. 

The  meeting  of  the  Council  of  the  American  Chemical  Society  was 
held  in  the  Hotel  Prye,  Seattle,  Monday  evening,  August  30th  at  9  p.m., 
President  C.  H.  Herty  in  the  chair. 

The  following  Councilors  were  present:  A.  S.  Wheeler,  A.  D.  Thorbum, 
Edward  Bartow,  Frank  R.  Bldred,  F.  C.  Atkinson  (substitute  for  Wm. 
M.  Blanchard),  W.  A.  Noyes,  Geo.  B.  Prankforter,  Wm.  J.  Hale  (sub- 
stitute for  S.  L.  Bigelow),  E.  C.  Franklin,  O.  F.  Stafford,  James  R.  Withrow 
(substitute  for  W.  E»  Henderson),  H.  K.  Benson,  T.  J.  Bryan  (substi- 
tute for  D.  K.  French),  Charles  E.  Coates,  W.  D.  Richardson,  J.  H.  Long, 
L.  H.  Duschak  and  C.  h*  Parsons. 

A  petition  was  presented  from  the  chemists  located  at  Ames,  Iowa, 
asking  for  formation  of  a  local  section  at  Ames.  A  mass  of  correspondence 
on  the  subject  was  referred  to  a  committee  consisting  of  J.  R.  Withrow, 
W.  A.  Noyes,  and  F.  R.  Eldred  for  recommendation  to  the  Council. 

A  commtmication  was  presented  to  the  Council  from  E.  J.  Crane,  editor 
ot  Chemical  Abstracts,  setting  forth  the  necessity  of  printing  a  ten  years' 
index  to  Chemical  Abstracts.  The  Council  voted  that  the  Secretary 
in  consultation  with  Mr.  Crane  should  send  a  subscription  blank  to  all 
members  of  the  Society  this  fall,  together  with  a  request  for  support  for 
the  publication  of  this  index  in  order  that  the  Directors  might  determine 
whether  or  not  publication  is  feasible.  It  was  also  suggested  that  Mr. 
Crane  bring  this  matter  before  the  local  sections  of  the  Society  in  order 
that  the  necessity  for  such  an  index  might  be  noKxre  generally  understood. 

The  committee  ooosisting  of  J.  H.  Long,  F.  R.  Eldred,  L.  F.  Kebler, 
J.  M.  Frauds  and  B.  L^  Murray,  appointed  at  New  Orleans  to  consider 
the  position  which  the  Society  should  take  in  regard  to  uniform  anti- 
narcotic  laws,  presented  the  following  report  which  was  unanimously 

adopted: 

Report  of  Committee  on  Unif  onn  Antinarcotic  Laws. 

Whbrbas,  drafts  of  proposed  uniform  antinarootic  laws  to  be  enacted 
by  the  several  states  have  been  suggested  by  different  organizations 
and  committees,  notably  by  the  United  States  Chamber  of  Commerce 
and  by  the  National  Association  of  Retail  Druggists,  and 

Whbrbas,  the  proposed  laws  area  like  in  principle  but  differ  somewhat 
in  details  as  to  definitions  and  suggestions  for  enforcement. 

It  is  moved  as  the  sense  of  this  Council  that  while  we,  as  representing 
the  American  Chemical  Society,  do  not  deem  it  expedient  to  adopt  in 
its  entirety  any  one  pf  the  proposed  drafts  we  desire  to  go  on  record  as 
cordially  endorsing  the  plan  of  having  uniform  antinarcotic  laws  passed 
by  the  several  states  which  shall  be  in  harmony  with  the  national  laws 
on  the  subject  as  finally  construed  by  the  United  States  Courts. 

It  is  further  recommended  that  for  the  sake  of  greater  definiteness  in 
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definition  and  to  avoid  inevitable  confusion  the  words  synihetic  stJU- 
tutes,  wherever  occurring  in  certain  of  the  proposed  drafts,  be  omhSnl 
and  that  the  same  term  where  used  in  the  national  or  so-calkd  Hanisoo 
Act  be  eliminated  by  proper  amendment  of  the  Sections  contaimng  it 

It  is  moved  that  this  resolution  be  given  publicity  through  the  Jounal 
and  by  publication  in  Science. 

It  was  voted  that  President  Herty  should  appoint  a  temporaiy  diair- 
man  and  officer  from  any  Division  scheduled  to  hold  meetings  at  Seattk, 
that  were  not  represented  by  their  regular  officers  or  substitutes  at  tk 
meeting.  The  President  appointed  Charles  £.  Coates,  chairman  of  tbe 
Division  of  Agricultural  and  Pood  Chemistry;  William  J.  Hale,  duunnan 
of  the  Division  of  Organic  Chemistry;  and  Dr.  Herty,  himself ,  acted  as 
chairman  of  the  Division  of  Industrial  Chemists  and  Chemical  Ei^uMai 

W.  A.  Noyes  was  re-elected  editor  of  the  Journal  of  the  Anurm 
Chemical  Society  for  1916  and  the  old  board  of  associate  editors  mn 
re-elected  with  the  addition  of  Dr.  John  Johnston.  E.  J.  Crane  was  re- 
elected  editor  of  Chemical  Abstracts.  M.  C.  Whitaker  was  re-ekcted 
editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry  and  the 
same  board  of  associate  editors  was  re-elected  with  the  addition  ci  Dr. 
S.  P.  Acree.  The  appointment  of  Dr.  Raymond  P.  Baccm,  rcpresentiaj 
the  American  Chemical  Society,  in  codperation  with  a  conmiittee  froa 
the  Institute  of  Chemical  Engineers,  for  the  superviaon  cl  a  eheinial 
engineering  catalog,  was  confirmed. 

The  following  resolutions,  presented  by  the  Division  of  Phaimacentkil 
Chemistry,  concerning  the  so-called  "variation  datise"  <tf  the  Federal 
Food  and  t)rugs  Act,  were  unanimously  adopted  by  the  Council: 

WhbrBas,  it  is  being  proposed  to  repeal  the  so-called  "variation  daose*' 
of  the  Federal  Pood  and  Drugs  Act  of  June  30,  1906,  and  of  shnilar  daoso 
in  State  Pood  and  Drug  Enactments,  thereby  making  the  United  Stats 
Pharmacopoeia  and  National  Formulary  the  sole  ajod  only  standards 
for  all  products  in  every  case  in  which  a  title  recognized  in  the  UoHed 
States  Pharmacopoeia  and  National  Formulary  is  used,  and 

WlEHKEAS,  the  United  States  Pharmacopoeia  and  National  PonmihrT 
comprise  only  standards  that  are  limited  and  ate  properly  applkaft 
only  to  drug  and  chemical  products  which  have  been  specially  prepared 
for  use  in  pharmacy  and  medicine,  and  hence  are  not  satisfactory  aod 
sufficient  as  standards  for  many  non-medical  and  non-pfaarmaceaticd 
ptuposes,  such  as  the  many  uses  in  the  industries  and  arts,  and 

Whereas,  the  insistence  upon  one  invariable  standard  which  vai^ 
not,  under  any  circumstances,  be  departed  from,  requires  the  unwamurttd 
asstunption  that  such  standards  are  incapable  of  further  improvtnait 
and  wotdd  interfere  with  a  proper  freedom  of  choice  by  physidaos  in  tte 
selection  of  medicaments  and  likewise  with  the  freedom  of  phanaao^ 


and  chemists  in  the  development  and  introduction  of  new  and  superior 
therapeutic  products,  therefore. 

It  is  the  sense  of  the  members  of  the  Division  of  Pharmaceutical  Chem- 
istry of  the  American  Chemical  Society  that  the  variation  clause  is  a 
necessary  and  proper  part  of  all  Federal  and  State  Pood  and  Drug  I^aws, 
and  that  the  repeal  of  said  clause  would  result  in  great  and  unnecessary 
injury  to  the  legitimate  interest  of  pharmacy,  medicine,  and  industries 
and  arts  employing  chemicals. 

The  invitation  of  the  University  of  Illinois  to  hold  the  Spring  Meeting 
of  1916  in  Urbana  during  Baster  week  was  unanimously  accepted.  The 
Council  voted  that  time  and  place  of  the  Fall  Meeting  for  1916  be  left 
to  the  President  and  Secretary  with  the  understanding  that  as  soon  as 
the  constitutional  limit  of  one  year  previous  to  the  date  of  the  meeting 
had  been  reached,  the  President  and  Secretary  would  announce  New 
York  as  the  place  of  the  meeting  as  per  previous  tmderstanding  that 
the  meeting  should  be  held  in  affiliation  with  the  American  Association 
for  the  Advancement  of  Science. 

A  communication  from  Dr.  H.  V.  Amy,  chairman  of  the  Committee 
on  Weights  and  Meastu'es  of  the  American  Pharmaceutical  Association, 
requesting  the  codperation  of  a  committee  from  the  American  Chemical 
Society  in  behalf  of  a  united  campaign  of  education  toward  the  ultimate 
adoption  and  use  of  the  metric  system  of  weights  and  meastu-es  in  this 
country,  was  presented  to  the  Coundl.  The  Council  voted  that  the 
President  shotild  appoint  a  committee  of  five  to  co5perate  with  the  com- 
mittee of  the  American  Pharmaceutical  Association.  The  committee 
appointed  will  be  annotmced  in  the  next  issue  of  the  Proceedings. 

The  question  of  the  appointment  of  a  committee  to  co5perate  with  the 
United  States  Government  to  obtain  the  regular  collation  and  publica- 
tion of  complete  and  tmiform  statistics  in  regard  to  foreign  commerce 
in  chemicals  was  discussed.  The  CouncO  voted  that  the  President  should 
appoint  a  committee  of  five  for  this  purpose  with  the  request  that  they 
call  to  their  aid  the  editor  of  the  Journal  of  Industrial  and  Engineering 
Chemistry,  the  editor  of  the  Journal  of  Commerce,  the  editor  of  the 
OH,  Paint  and  Drug  Reporter  and  the  editor  of  Metallurgical  and  Chemical 
Engineering,  and  that  the  committee  should  request  each  local-  section 
to  appoint  a  local  member  to  cooperate  with  them  in  the  attempt  to  ob- 
tain a  detailed  and  accurate  knowledge  of  chemical  imports.  The  Council 
voted  to  refer  to  the  Directors  of  the  Society  the  allotment  of  a  sum  of 
money  not  to  exceed  $250.00  for  the  purpose  of  the  committee.  The 
President  appointed  the  following:  B.  C.  Hesse,  Chairman,  A.  D.  Little, 
Wm.  Hoskins,  B.  L.  Murray  and  Russell  W.  Moore. 

The  following  communication  from  the  St.  Louis  Section  of  the  American 
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Chemical  Society  was  then  presented  to  the  Council,  Mr.  Lewis  B.  Alhi 

having  been  duly  informed  of  the  charges: 

"  To  the  Council  of  the  American  Chemical  Society: 

"Gbntlehen: 

''  WhekBas,  Lewis  6.  Allyn,  of  Westfield,  Mass.,  a  member  of  the  Aner- 
ican  Chemical  Society,  has  written  articles  tending  to  throw  much  suspidiB 
on  the  prepared  foods  and  beverages  sold  in  this  country,  to  arouse  Or 
necessary  alarm  among  the  uninformed  public,  and  especially  to  iflflnoKt 
the  purchase  of  foods,  beverages  and  other  preparations  advertised  m 
certain  publications,  and 

"Whereas,  said  party  is  guilty  of  having  made  statements  that  en 
be  explained  only*  on  the  assumption  that  he  is  ignorant  or  that  they  se 
deliberately  false,  and 

"Whereas,  some  of  these  statements  are  a  libel  on  the  Referee  Boari 
of  Consulting  Scientific  Experts,  on  many  food  and  drug  officials,  on  maaj 
manufacturers  and  chemists  employed  by  them,  many  of  these  dtemists 
being  members  of  our  Society,  and 

"Whereas,  such  articles  as  are  herewith  exhibited  create  the  impfcssiaB 
that  the  Pood  and  Drug  Laws  of  the  States  and  Federal  Government  are 
inadequate,  and 

"Whereas,  such  articles,  to  say  the  least,  are  most  unethical,  therefoR, 
be  it 

"Resolved,  that  the  members  of  the  St.  Louis  Section  of  the  Amencai 
Chemical  Society  respectfully  request,  unanimously,  that  Lewis  B.  AIlji 
be  expelled  from  the  Society,  and  be  it  further 

"Resolved,  that  a  copy  of  these  resolutions  be  sent  to  the  Presidait  cf 
the  Society,  Mr.  A.  D.  Uttle,  Chairman  of  the  Committee  on  Etfaia 
and  the  Secretary  of  each  local  section." 

"Yours  very  respectfully, 
"(Signed)     Geo.  Lang,  Jr.,  Scy.  St,  Louis  Sectum." 

After  an  extended  discussion  the  following  motion  was  passed: 

Whereas,  the  St.  Louis  Section  of  the  American  Chemical  Society  hn 
adopted  resolutions,  copy  of  which  is  attached  hereto,  favoring  the  n- 
pulsion  of  Lewis  B.  Allyn  of  Westfield,  Mass.,  from  the  Society,  and 

Whereas,  Mr.  Allyn's  activities  and  writings  appear  to  be  a  part  of  i 
larger  movement  commonly  known  as  the  "Westfield  Campaign," 

Now,  therefore,  Be  it  Resolved,  That  a  committee  of  five  membefi 
of  the  Society  be  appointed  by  the  President  to  investigate  the  so<alW 
"Westfield  Campaign,"  and  Lewis  B.  Allyn's  connection  therewith,  ii 
relation  to  the  subject  matter  of  the  resolutions  submitted,  and  tW 
Mr.  Allyn  and  other  interested  persons  be  given  f uU  opportunity  to  te 
heard  by  the  committee,  and  that  the  committee  report  its  reconunaA' 
tions  at  the  next  General  Meeting  of  the  Society. 
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The  President  appointed  the  following  committee:  M.  T,  Bogert,  J. 
Stieglitz,  W.  D.  Bigelow,  H.  C.  Lythgoe  and  E.  H.  S.  Bailey. 

The  Comidl  then  adjomned  to  meet  Thursday  morning. 

A  Comidl  meeting  was  called  September  2nd  at  1 1  a.m.  on  board  the 
excm-sion  steamer  on  Puget  Sound.  The  following  Councilors  were 
present:  C.  H.  Herty,  James  R.  Withrow  (subs.),  O.  F.  Stafford,  Charles 
E.  Coates,  Geo.  B.  Frankforter,  W.  D.  Richardson,  W.  A.  Noyes,  H.  K. 
Benson,  E.  C.  Franklin,  Edward  Bartow,  L.  H.  Duschak  (subs.),  T.  J. 
Bryan  (subs.),  Frank  R.  Eldred,  Wm.  J.  Hale  (subs.),  J.  S.  Jones,  F.  C. 
Atkinson  (subs.),  O.  L.  Barneby  (substitute  for  J.  H.  Walton,  Jr.),  I. 
K.  Phelps,  vice  C.  L.  Alsberg,  and  C.  L.  Parsons. 

The  committee  appointed  to  consider  the  formation  of  a  local  section 
at  Ames,  Iowa,  reported  favorably,  and  the  President  and  Secretary 
were  directed  to  give  a  charter  to  the  Ames  members  of  the  Society  as 
soon  as  a  petition  was  presented  in  legal  form. 

President  Herty  presented  to  the  Council  the  matters  brought  up  in 
the  presidential  address  regarding  the  necessary  legislation  required  for 
the  development  of  chemical  industry  in  America.  A  committee  con- 
sisting of  Dr.  W.  A.  Noyes,  E.  C.  Franklin,  W.  D.  Richardson,  and  C.  H. 
Herty  was  appointed  to  consider  resolutions  in  regard  thereto  and  report 
at  an  adjotuned  meeting  at  4  p.m. 

President  Herty  presented  a  letter  from  Mr.  Arthur  D.  Uttle,  chairman 
of  the  committee  on  "The  Adoption  of  a  Code  of  Professional  Ethics." 
As  a  result  of  the  discussion,  it  was  voted  that  the  President  appoint 
a  new  committee  of  five,  Mr.  Arthur  D.  Little  as  chairman,  and  that  the 
committee  be  requested  to  report  at  the  next  General  Meeting  of  the 
Society.  The  committee  will  be  announced  later.  The  Cotmdl  then 
adjourned  to  4  p.m. 

On  reassembling  in  the  afternoon,  the  committee  appointed  to  consider 
the  recommendations  in  the  President's  address  presented  a  letter  which 
they  suggested  shotdd  be  sent  by  the  President  of  the  Society  to  the 
President  of  the  United  States.  After  discussion  it  was  voted  and  it 
was  the  unanimous  sentiment  of  the  Council  meeting  held  in  Seattle  that 
the  foUowing  letter  should  be  sent  by  President  Herty  of  the  American 
Chemical  Society  to  President  Wilson. 

"September  25,  1915. 
'The  President: 

'Sir:  • 

'The  following  letter  has  been  written  at  the  request  of  the  Coundl  of 
the  American  Chemical  Society,  and  has  received  the  unanimous  approval 
of  that  Body : 

'^During  the  recent  meeting  of  the  American  Chemical  Society,  at  Seattle, 
the  present  situation  with  regard  to  the  manufacture  of  dyes  and  other 
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chemicals  in  the  United  States  has  been  under  discussio>n.  It  is  ir£ 
known  that  we  have  been  dependent  on  Germany  for  many  of  our  moR 
imported  dyes,  and  that  some  of  the  textile  industries  using  these  have 
found  themselves  in  a  very  difficult  position  since  the  outt»€Bk  of  «v 
in  Europe. 

"We  have  both  the  raw  materials  and  the  trained  chemists  essential 
for  the  manufacttu-e  of  these  products,  but  it  has  been  found  difficdt 
to  secure  capital  to  establish  the  plants  necessary  for  the  supply  of  oar 
needs.  It  need  hardly  be  said  that  it  is  important  to  seize  the  presot 
favorable  opportunity  to  develop  this  industry  in  America,  if  possible. 

"A  study  of  the  causes  which  at  present  interfere  with  manufactures 
of  this  class  has  led  us  to  the  conclusion  that  one  of  the  most  important 
is  the  fear  that  at  the  close  of  the  war  the  new  industry  might  be  qmctiy 
destroyed  by  the  unfair  competition  which  arises  from  the  sale  of  a  foreign 
product  at  a  price  below  that  at  which  the  same  product  is  sc^d  in  its 
home  market.  This  method  of  destroying  a  dangerous  competitor  has 
been  too  common  in  the  past,  and  is  now  forbidden  by  law  in  the  United 
States.  It  would  seem  to  be  possible  to  enact  laws  which  will  protect 
our  manufau^turers  from  similar  practices  of  foreign  corporations. 

''It  may  be  that  some  changes  in  our  tariffs  are  desirable  in  the  interest 
of  the  manuf  actm-e  of  dyes  and  other  chemicals.  The  Council  of  the  Amen> 
can  Chemical  Society  will  not  venture  an  opinion  on  this  point,  but  would 
suggest  that  this  is  a  question  which  should  be  carefully  considered  by 
disinterested  experts  who  are  competent  to  examine  the  facts  on  which 
an  authoritative  opinion  can  be  based. 

"The  industry  to  which  I  refer  is  of  such  importance  to  the  industrid 
welfare  of  our  country,  that  I  would  most  respectfully  request  that  a 
your  next  Annual  Message  you  should  urge  upon  Congress  the  need  of 
legislation  designed  to  eliminate  unfair  competition  from  foreign  mann- 
facturers.  I  also  earnestly  hope  that  through  Congress,  or  otherwise, 
information  may  be  secured  from  disinterested  experts  as  to  whether 
the  provisions  of  otu-  tariff,  which  relate  to  the  manufacture  of  dyes^ 
are  suitable  or  not. 

"I  am  sending  you  herewith  copies  of  a  report  of  a  committee  of  the  Ncv 
York  Section  of  our  Society,  and  of  my  own  recent  address  as  Presideat 
of  the  American  Chemical  Society,  in  both  of  which  the  question  ci  the 
development  of  the  manufacture  of  dyes  in  the  United  States  is  considered 
in  more  detail. 

"I  have  the  honor  to  be 

"Very  respectfully  yours, 

"(Signed)    Charlbs  H.  Herty,  President^ 

The  following"  resolutions  presented  by  G.  B.  Prankforter  were 
imously  adopted:  '* Whereas,  in  the  im timely  death  of   our 
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colleague,  John  Ulric  Nef,  the  American  Chemical  Society  has  lost  one  of 
its  most  distuiguished  members.  Be  it  Resolved, — that  we  the  members 
of  the  American  Chemical  Society  herein  express  our  deep  sorrow  at  the  loss 
which  the  Society  and  the  chemical  world  has  sustained.  Dr.  Nef  has  ever 
been  known  to  us  as  a  zealous  and  untiring  worker  in  the  search  for  the 
truth,  and  his  life  has  been  to  us  an  inspiration  for  higher  and  nobler  mo- 
tives in  the  realln  of  science.  Be  it  further  Resolved  that  a  copy  of  these 
resolutions  be  sent  to  his  son  John  and  at  the  same  time  spread  upon  the 
minutes  of  the  Society." 

The  Council  voted  unanimously  the  thahks  of  the  American  Chemical 
Society  to  H.  G.  Byers,  H.  K.  Benson,  E.  J.  Bartells,  Lee  A.  White, 
J.  H.  Linton,  C.  A.  Newhall,  M.  K.  Falkenburg  and  Mrs.  C.  A.  Newhall, 
chairmen  of  the  local  committees  for  the  Seattle  Meeting  and  their  vote 
of  thanks  to  the  members  of  their  committees  for  their  untiring  care  of 
the  members  at  Seattle  and  for  their  work  toward  a  successful  meeting 
of  the  Society  at  Seattle.  Also  thanks  to  Mr.  Louis  Heinrich  of  the  Seattle 
Brewing  &  Malting  Compapy  for  the  courtesies  extended  to  the  visiting 
delegates  by  him;  to  the  Commercial  Club;  to  the  faculty  of  the  College 
of  Science,  and.  to  the  faculty  of  the  Ladies'  Club  for  the  entertainment 
provided  by  them  for  the  members  of  the  Society. 

The  meeting  then  adjourned. 

CHARI.BS  L.   Parsons,   Secretary. 
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MKMBBRS  BLBCTED  BETWEEN  AUGUST   1 5  AND  SEPTEMBER   1 5 

Boehmer,  Harold  R.,  340  Sheridan  Ave.,  Whiting,  Ind. 

Civis,  James  A.,  114  4th  St.,  Sturgis,  Mich. 

Crow,  Elmer  Z.,  American  Trust  &  Savings  Bank,  Birmingham,  Ala. 

De  Grote,  Melvin,  241  Mass.  Ave.,  Detroit,  Mich. 

Easterbrooks,  Frank  D.,  43  Dove  St.,  Albany^  N.  Y. 

Hart,  De  Loss  G.,  618  No.  O  St.,  Tacoma,  Wash. 

House,  Harry  H.,  1053  Chestnut  St.,  Riverside,  Calif. 

Hudgins,  L.  A.,  Y.  M.  C.  A.,  Dallas,  Tex. 

Humphries,  H.  B.  P.,  Schenley  Hotel,  Pittsburgh,  Pa. 

Jones,  W.  B.,  179  Kearny  Ave.,  Perth  Amboy,  N.  J. 

Miller,  George  A.,  Jr.,  Box  37,  Auburn,  Ala. 

Morrison,  D.  R.,  Bowmanville,  Ontario,  Canada. 

Nicolet,  A.  C,  3741  Warwick  Blvd.,  Kansas  City,  Mo. 

Peterson,  Geo.  O.,  357  S.  Homan  Ave.,  Chicago,  111. 

Schwerlfeger,  Hans,  6216  Corson  Ave.,  Seattle,  Wash. 

Senior,  George,  Y.  M.  C.  A.,  Newton,  Mass. 

Smith,  Roscoe  B.,  Pike,  N.  H. 

Thornton,  Harrison  R.,  10  Laiu"el  Ave.,  Auburn,  Me. 

Wakefield,  J.  M.,  Cerro  de  Pasco  Mining  Co.,  La  Pundicion,  Peru. 

Weitz,  Augustine  H.,  Maybtu-g,  Pa. 

Whipple,  A.  Floyd,  Foster  House,  Sheridan  Road,  Evanston,  111. 
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Washmgton,  D.  C] 

SOUTHBRN   CALIFORNIA  SECTION. 

The  midsummer  meeting  of  the  Section  was  held  August  i8th  in  caa- 
junction  with  the  American  Institute  of  Chemical  Engineers.  Tbe 
papers  of  the  evening  were,  '*A  New  Electrical  Method  of  Sewage  Dis^ 
posal/'  by  Dr.  John  C.  Olsen,  and  "Fleming  Dust  Collecting  System," 
by  W.  C.  Hanna.  ^  h.  l.  patw.  statm, 

PITTSBURGH  SECTION. 

The  1 1 9th  regtdar  meeting  was  held  September  1 6th.  The  papers  of  the 
evening  were,  "Some  Aspects  of  the  Optical  Glass  Industry;  Present 
Condition  of  the  Industry,  and  Some  of  the  Manufacturing  Ptoblems," 
by  C.  C.  Rand;  "Trivalent  Manganese  in  Glass,"  by  S.  R.  Scholes;  'The 
Determination  of  the  Critical  Constants  and  Vapor  Pressures  at  Moder- 
ately High  Temperatures,"  by  G.  A.  Burrell.  w.  c.  con.  Sea^m% 

CHICAGO  SECTION. 

The  regular  September  meeting  was  held  September  lyth.  The  featae 
of  the  evening  was  a  moving  picttu-e  and  explanatory  lecture  on  "The 
Evolution  of  Zion  Laces  and  Lace  Curtains  from  the  Cotton  in  the  Field 
to  the  Finished  Product,"  by  C.  D.  Heller,  advertising  manager,  MaidnB 

Field  &  Co.  D.  K.  Ttames,  Statltrr 

DETROIT  SECTION. 

The  first  regular  meeting  of  the  season  1915-1916  was  held  September 
1 6th.  The  paper  of  the  evening  was,  "Disinfection  of  Public  Water  Sop- 
plies,"  by  C.  A.Jennings,  of  Chicago.  edw.  j.  ouncn. swvidiT. 

DECEASED. 

J.  S.  Wm.  Greth,  221  ist  Ave.,  Pittsburgh,  Pa.,  August  7,  1915- 
J.  U.  Nef,  University  of  Chicago,  Chicago,  111.,  August  13, 19^$' 
James  G.  Woolworth,  220  Waterman  St.,  Providence,  R- 1.,  Sq)t,  iW* 
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COUNCIL. 

MBMBERS  ELECTED  BETWEEN  SEPTEMBER   15   AND  OCTOBER   15,    1915. 

Anderson,  R.  J.,  N.  Y.  Experiment  Station,  Geneva,  N.  Y. 
Amstein,  Henry,  23rd  and  Minnesota  Sts.,  San  Francisco,  Calif. 
Auleb,  Chauncey,  124  So.  8th  St.,  Newark,  N.  J. 
Brallier,  P.  S.,  Box  261,  State  College,  Pa. 
Brauer,  O.  L.,  2 115  Merced  St.,  Selma,  Calif. 
Byron,  Oscar,  550  Washington  Ave.,  Carnegie,  Pa. 
Carter,  Gardner  L.,  Box  65,  University,  Va. 
Choudhari,  Tarini  Charan,  Ghoramara,  Rajshahi,  India. 
CliflFord,  Charles  W.,  1015  Universily  Ave.,  Madison,  Wis. 
Curry,  James  S.,  225  West  120th  St.,  New  York  City. 
Dickerson,  Loren  B.,  155  Perry  St.,  New  York  City. 
Dickson,  Ross  H.,  86  St.  James  Ave.,  Boston,  Mass. 
Edmtmds,  Arthur  D.,  Norwich  University,  Northfield,  Vt. 
EUithorp,  John  Stafford,  Jr.,  426  Ostrom  Ave.,  Syracuse,  N.  Y. 
Ensel,  Harry  R.,  151  West  140th  St.,  New  York  City. 
Fehl,  Paul  B.,  725  Wahiut  St.,  Reading,  Pa. 
Foster,  Goodwin  L.,  Sharon,  Mass. 
French,  Herbert  E.,  704  So.  Third  St.,  Champaign,  111. 
Friedrich,  Edmund,  516  West  135th  St.,  New  York  City. 
Fuller,  Everett  W.,  2  Tennis  Court,  Brooklyn,  N.  Y. 
Gosserand,  Morris  A.,  St.  Rose  P.  O.,  La. 
Green,  E.  Louis,  4126  Shenandoah  Ave.,  St.  Louis,  Mo. 
Hadfield,  Wm.  H.,  554  Monroe  Ave.,  Elizabeth,  N.  J. 
Hazard,  Irving  W.,  Syracuse  University,  Syracuse,  N.  Y. 
Haylett,  Robert  E.,  2  Roanoke  Road,  Wellesley,  Mass. 
Hetchner,  Lea  S.,  246  Van  Buren  St.,  Newark,  N.  J. 
Hombruch,  Walter,  891  So.  i6th  St.,  Newark,  N.  J. 
Ishikawa,  Ichiro,  c/o  Dr.  J.  Takamine,  Equitable  Bldg.,  N.  Y* 
Jacobs,  Walter  A.,  Rockefeller  Institute  for  Medical  Research,  66th 
St.,  and  Ave.  A.,  New  York  City. 

acobson,  Simon,  11 89  Boston  Road,  New  York  City. 

arvis,  Ernest  G.,  Dominion  Steel  Foimdry  Co.,  Hamilton,  Ont.,  Canada. 

eflfreys,  Elizabeth,  Glasgow,  Mo. 
Kinter,  George  R.,  Section  A.,  Taylor  Hall,  So.  Bethlehem,  Pa. 
Knowles,  Chester  L.,  411  Brook  St.,  Providence,  R.  I. 
Lamie,  Ralph  D.,  260  Belvidere  Ave.,  Detroit,  Mich. 
Langdon,  S.  C,  5018  19th  Ave.,  N.  E.,  Seattle,  Wash. 
Langendorf,  H.,  Midland,  Mich. 

Langreck,  Frederick  Burton,  4177  Flad  Ave.,  St.  Louis,  Mo. 
Lepshye,  William  J.,  959  Westdiester  Ave.,  New  York  City. 
Lubarsky,  George  H.,  69  Wall  St.,  New  York  City. 
Nagelvoort,  Adriaan,  52  E.  41st  St.,  New  York  City. 
Nenninger,  Ross  F.,  279  Meeker  Ave.,  Newark,  N.  J. 
Olewine,  James  Harris,  412  E.  Daniel  St.,  Champaign,  lU. 
PeyrgC;  Joseph  Otis,  c/o  A.  P.  M.  Co.,  Beaver  Falls,  Pa. 
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Plautz,  Charles  H./442  Dimmeck  St.,  Watirtown,  N.  Y. 
Putnam,  Mark  E.,  Midland,  Mich. 
Randolph,  Edward,  2350  Broadway,  New  York  City. 
Rice,  Wayland  Wilbur,  12  Dudley  St.,  Providence,  R.  I. 
Roberts,  R.  Chester,  251  So.  Fors3rthe,  Pranklia,  Ind. 
Satmders,  R.  E.,  Union  Carbide  Co.,  Sault  Ste.  Marie,  Mich. 
Sawens,  R.  H.,  232  Clairmonte  Ave.,  Syracuse,  N.  Y. 
Scharf,  James  M.,  306  Allen  St.,  State  College,  Pa. 
Silver,  J.  Robinson,  Jr.,  Emporium,  Pa. 
Sherwood,  F.  P.,  University  of  S.  Dak,,  Vermillion,  S.  Dak. 
Stewart,  Douglas  A.,  2524  S.  Cleveland  Ave.,  Philadelphia,  Pa. 
Thomas,  Alexander  R.,  675  Highland  Ave.,  Newark,  N.  J. 
Thompson,  J.  V.,  1225  Fayette  St.,  N.  S.,  Pittsburgh,  Pa. 
Tuttle,  J.  Rosg,  Hartley  Hall,  Columbia  University,  New  York  City. 
Valentine,  Kenneth  S.,  550  W.  114th  St.,  New  York  City. 
Van  Valkenburgh,  E.  A.,  Box  70,  Hartley  Hall,  Columbia  University, 
New  York  City. 

CORPORATION  MEMBER. 

Goldschmidt  Detinning  Co.,  60  Wall  St.,  New  York  City, 


MEETINGS  OF  THE  SECTIONS. 

[Pull  accounts  of  all  meetings  should  be  sent  to  Secretary  Charles  L.  Parsons,  Boi 

505,  Washington,  D.  C] 

RHODE  ISLAND  SECTION. 

At  the  meeting  held  September  25  th,  the  following  officers  were  elected 
to  serve  for  the  coming  year:  President,  Dr.  Augustus  H.  Fisk;  Via- 
President,  Robert  K.  Lyons;  Secretary-Treasurer,  Dr.  Robert  F.  Chash 
bers;  Member  of  Executive  Committee,  Clarence  P.  Bearce. 

Wm.  H.  Caot.  S9tr9i»y  pre.  Ma. 
INDIANA  SECTION. 

The  first  fall  meeting  was  held  October  8th.  Mr.  F.  B.  Wade,  the  re- 
tiring president,  gave  a  paper  on  "Color  in  Precious  Stones."  The 
annual  election  of  officers  resulted  as  follows:  President,  J.  H.  RansoiD; 
Vice-President,  H.  E.  Jordan;  Secretary-Treasurer,  H.  W.  Rhodehamel; 
Executive  Committee,  F.  B.  Wade,  W.  C.  Bartholomew,  A.  B.  Davis. 

H.  W.  Rbodsham  BL. 


NASHVILLE  SECTION. 

The  35th  meeting  was  held  October  15th.  The  program  included  the 
following  address:  "The  Bureaus  of  Mines  and  Standards,"  by  Dr.  Paul 

C.  Bowers.  Victok  p.  Lm.  5«r«lvy. 

PITTSBURGH  SECTION. 

The  October  meeting  was  held  jointly  with  the  American  Electrochem- 
ical Society,  October  21st.  Program:  "Electric  Furnaces  for  High  Tem- 
peratiu-e  Industrial  Chemical  Work,"  by  F.  T.  Snyder,  Snyder  Electric 
Furnace  Company,  Chicago.  ^.  c.  oan. 
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^.  LOUIS  SBCnON. 

Meeting  of  October  ii,  191 5.  Mr.  H.  E.  Wiedemann  gave  an  illus- 
trated address  on  "The  Industrial  Utilization  of  Peat."  Mr.  E.  J.  Shep- 
pard,  of  the  National  Lead  Co.,  described  an  "Apparatus  for  the  De- 
termination of  the  Degree  of  Fineness  of  Paint  Pigments." 

Gso.  Lano,  Jr.,  SecrHary. 
OREGON  SECTION. 

The  23rd  regular  meeting  was  held  October  2nd.  The  principal  paper 
of  the  evening  was  presented  by  Mr.  J.  R.  Comog,  on  the  subject:  "The 
Operation  of  a  Modem  Soap  Plant."  p.  a.  oucst^d.  stcrttwy, 

CONNECTICUT  VALLEY  SECTION. 

The  thirty-fourth  meeting  was  held  October  9th.  Program:  Report 
on  "The  New  York  Exposition  of  Chemical  Industries,"  by  Mr.  Hoover. 
'*The  American  Cotton  Industry  as  seen  by  the  Industrial  Chemist,"  by 
Dr.  Frederick  Dannerth.  r.  j.  marsh,  secretary, 

CLEVELAND  SECTION. 

The  Section  met  Monday  evening,  October  nth.  Mr.  William  Roy 
Mott,  of  the  National  Carbon  Company,  addressed  the  Section  on  "The 
Use  of  the  Flaming  Arc  in  Paint  and  Dye  Testing." 

A.  p.  O.  Gbbmamm.  Secretary. 
UNIVERSITY  OF  MISSOURI  SECTION. 

The  6ist  meeting  was  held  September  24th.  Dr.  P.  F.  Trowbridge 
spoke  on  "Commercial  Fertilizers  in  Missouri — ^the  Method  of  Legal 
Control  and  How  the  Industry  is  Ajffected  by  Present  War  Conditions." 

HSNKY  L.  Dahm.  Secretary, 
CINCINNATI  SECTION. 

The  200th  regular  meeting  was  held  October  13th.  Dr.  C.  P.  T.  Fennel 
delivered  a  talk  on  "Old  Chemical  Symbols"  (illustrated). 

Stbpbbn  J.  HAU8BK,  Secretary. 
CALIFORNIA  SECTION. 

The  eighty-fifth  regular  meeting  was  held  September  25th.  The 
paper  of  the  evening  was  entitled,  "Experiences  of  a  Chemist  in  the 
Philippines,"  by  S.  A.  Weirman,  late  Chemist  in  Charge  of  Explosives 
in  the  Philippines  for  the  United  States  Navy.    b«yant  s.  d»akb.  Secretary. 

NEW  YORK  SECTION. 

A  special  meeting,  inaugurating  the  session  of  19 15-19 16,  was  held  in 
conjtmction  with  the  National  Exposition  of  Chemical  Industries,  at 
the  new  Grand  Central  Palace,  on  Friday,  September  24th. 

After  some  introductory  remarks,  the  chairman  presented  to  the  meet- 
ing Dr.  Chas.  H.  Herty,  President  of  the  American  Chemical  Society, 
who  addressed  the  meeting,  speaking  on  the  present  occasion  as  the  first 
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attempt  to  hold  a  national  exposition  of  thh  chemical  industries  in  tliis 
country  and  the  support  which  the  enterprise  should  receive  from  the 
industries. 

The  following  papers  were  read:  L.  H.  Baekeland,  "Chemical  Indus- 
try;" Howard  H.  Gross,  President  Tariff  Commission  League,  "The 
Tariff  Question;"  S.  P.  Sadtler,  "Some  American  Contributions  to  the 
Chemical  Industries." 

The  first  regular  meeting  of  the  session  of  19 15-16  was  held  October  Sth. 
Program:  I.  F.  Stone,  "The  Status  of  the  Chemical  Industries  in  the 
United  States  at  the  End  of  19 15;"  Maximilian  Toch,  "The  Barium 
Industry  in  the  United  States  Since  the  European  War." 

C  M.  JoTCS.  5«cr«(fln. 
PUGET  SOUND  SBCTION. 

A  meeting  of  the  Section  was  held  October  9th.  The  paper  of  the 
evening  was  by  Mr.  R.  T.  MacMichael  on  "The  Physics  of  the  Clay  Mole- 
cule," a  discussion  of  the  theory  of  the  plasticity  of  clay. 

H.  L.  Truxbuuu  Stattarj. 
CHICAGO  SBCTION. 

The  regular  meeting  was  held  October  15th.  The  paper  of  the  evening 
was  by  Dr.  Edward  Bartow,  on  "The  Purification  of  Sewage  by  Aera- 
tion in  the  Presence  of  Activated  Sludge."  p.  k.  pksxcb.  Stattmj. 

ROCHESTER  SECTION. 

The  first  annual  meeting  was  held  October  4th.  Dr.  Bemhard  C.  Hesse, 
Consulting  Chemist,  New  York  City,  discussed  the  **  Paige  Bill." 

The  regular  meeting  was  held  October  i8th.  Mr.  Lincoln  Burrows 
spoke  on  *'  Glycerine."  h.  h.  Toh»«.  sanian^ 


DECEASED. 

John  K.  Hamilton,  1229  Buena  Vista  St.,  Pittsburgh,  Pa.,  October,  1915. 
H.  H.  McGregor,  Adelbert  College,  Cleveland,  O.,  September  13,  1915- 
Hugh  Allan  Murta,  Carman,  Man.,  Canada,  September,  1915. 


iMMd  wHh  ike  Deotmbcr  Nuflbcr.  1915 
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COUNCIL. 

President  Herty  has  appointed  the  following  members  to  serve  on  the 
Committee  on  Code  of  Professional  Bthics:  A.  D.  Little,  Chairman^ 
L,.  H.  Baekeland,  W.  D.  Bancroft,  William  Brady,  and  P.  K.  Cameron. 

The  Executive  Committee  of  the  Division  of  Physical  and  Inorganic 
Chemistry  have  elected  Dr.  Irving  Langmuir  as  Chairman  of  the  Di- 
vision instead  of  Prof.  E.  W.  Washburn,  who  declined  the  Chairmanship 
on  account  of  great  pressure  of  work. 

MSMBERS  BLQCTED  BBTW8BN  OCTOBER   15  AND  NOVEMBER   15,  I915. 

Adams,  Eugene  Gerald,  Norwich  University,  Northfield,  Vt. 

Amon,  Jesse  C,  4447  Sewickley  Rd.,  Bellevue,  Allegheny  Co.,  Pa. 

Bailey,  Nat.  A.,  428  N.  Charter  St.,  Madison,  Wise. 

Ball,  John  M.,  113  De  Witt  Place,  Ithaca,  N.  Y. 

Barrows,  E.  R.,  3223  Library  Ave.,  Cleveland,  Ohio. 

Beckers,  Dr.  W.,  Ditmas  Ave.  &  83rd  St.,  Brooklyn,  N.  Y. 

Bennett,  Harry  T.,  2932  Clinton  St.,  Lincoln.  Nebr. 

Botkin,  C.  W.,  421  N.  Wheaton  Ave.,  Wheaton,  111. 

Brown,  J.  Lyman,  408  E.  Green  St.,  Champaign,  111. 

Brown,  Wilbur  F.,  c/o  Ball  Bros.  Glass  Mfg.  Co.,  Muncie,  Ind. 

Butterfield,  Alice  Dacre,  Penna.  College  for  Women,  Pittsburgh,  Pa. 

Caldwell,  Thos.  B.,  Wilmington,  N.  C. 

Craig,  Archibald  G.,  48  Tonnele  Ave.,  Jersey  City,  N.  J. 

Crawford,  Frederick  North,  805  West  Illinois  St.,  Urbana,  111. 

Davidson,  Carl  N.,  917  W.  Green  St.,  Urbana,  111. 

Dodge,  Wm.  E.,  415  W.  Highland  Ave.,  Shawnee,  Okla. 

Gavron,  Joseph  L.,  loio  South  St.,  Philadelphia,  Pa. 

Goss,  B)rron  C,  Graduate  College,  Princeton,  N.  J. 

Greathouse,  Lucien  H.,  Btu-eau  of  Soils,  Dept.  Agriculture,  Washington, 
D.  C. 

Greenfield,  Edman,  610  W.  Oregon  St.,  Urbana,  111. 

Gundlach,  Emanuel  G.,  428  Wyoming  Ave.,  Buffalo,  N.  Y. 

Hanke,  Milton  Theo.,  5655  S.  Drexel  Ave.,  Chicago,  111. 

Harris,  Edgar  W.,  Washington,  Miss. 

Harrison,  Jidia  Peachy,  Sweet  Briar  College,  Sweet  Briar,  Va. 

Haskins,  J.  D.,  Zemmer  Chemical  Co.,  Pittsburgh,  Pa. 

Hoojendijk,  Gerard  van  Rossen,  Chemistry  Laboratory,  Univ.  of  111., 
Urbana,  111. 

Jacoby,  Henry  E.,  95  Liberty  St.,  New  York  City. 

Johnson,  Theodore,  Obispo  30,  P.  O.  B.  750,  Havana,  Cuba. 

Jameson,  Charles  F.,  57  Lowden  Ave.,  W.  Somerville,  Mass. 

Koebig,  Dr.  Julius,  1025  Union  Oil  Bldg.,  Los  Angeles,  Calif. 

Bjreiser,  Walter  W.,  91  Linden  Ave.,  Jersey  City,  N.  J. 

Lee,  Theophilus  Henry,  Servico  Geologico  e  MineraJogico  do  Brazil, 
Ministerio  da  Agricultura,  Rio  de  Janeiro,  Brazil. 

Lynas,  W.  H.,  13 18  Oak  St.,  Columbus,  Ohio. 
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Lyons,  Robert  J.,  Cr.tt-:»-'in»  Co.,  Ltd.,  Walkerville,  Ontario,  Canada. 

Martin,  Frederick  b. ..  - .'  \v.VtQrson  Rd.,  Princeton,  N.  J. 

McBridv,  Johii  K.,  s.;0  *  .  Rilter  Ave.,  Lidianapolis,  Ind. 

McCorniack,  Jt^soi^'i  I^.,  .'i.?  Ivast  Creen  St.,  Champaign,  111. 

McEllroy.  \\'illiiun  Sv  i;. :  i  r,  i  j-^  Maple  Ave.,  Edgewood  Park,  Pa. 

McKee,  W'm.  Gerard,  .vu  Allcu  St.,  Syracuse,  N.  Y. 

Meister,  Walter  F.,  2935  Russell  Ave.,  St.  Louis,  Mo. 

Millar,  Russell  W.,  504  Daniel  St.,  Champaign,  111. 

Minnig,  H.  D.,  Solvay  Club  House,  Syracuse,  N.  Y. 

Mooney,  Luke,  c/o  N.  J.  Glue  Company,  Perth  Amboy,  N,  J. 

Murrill,  Paul  I.,  Copper  Hill,  Tenn. 

Nelson,  Wm.  G.,  47  East  Warren  Ave.,  Detroit,  Mich. 

O'Brien,  W.  J.,  1722  Euclid  St.,  N.  W.,  Washmgton,  D.  C. 

Oppenheim,  Dr.  S.  R.,  815  S.  Sycamore,  Santa  Ana,  Calif. 

Pierson,  R.  H.,  603  S.  Race  St.,  Univ.  of  111.,  Urbana,  111. 

Piguet,  Leon  A.,  415  Center  St.,  Solvay,  N.  Y. 

Ray,  A.  B.,  103  Highland  PL,  Ithaca,  N.  Y. 

Richardson,  Anna  E.,  University  of  Texas,  Austin,  Texas. 

Riley,  Donald,  1822  Sheridan  Rd.,  Evanston,  111. 

Robinson,  Clark  S.,  42  Crescent  St.,  Cambridge,  Mass. 

Sanborn,  Mac  H.,  Guanica  Centrale,  Ensenada,  Pofto  Rico. 

Sasse,  A.  R.,  105  West  36th  St.,  Kansas  City,  Mo. 

Shum,  N.'C,  144  University  Station,  Urbana,  111. 

Smith,  Irene  Fern,  607  Midiigan  Ave.,  TTrbana,  111. 

Souther,  Miss  Nathalie  Ben,  Listman  Mill  Co.,  La  Crosse,  Wise. 

Stanwick,  Chas.  A.,  419  Main  St.,  Orange,  N.  J. 

Takamine,  Jokichi,  550  W.  173  St.,  New  York  City. 

Thompson,  R.  S.,  Highlands,  Calif. 

Webber,  Arthur  H.,  16  Thomdike  St.,  Beverly,  Mass. 

Winkelmann,  Herbert  A.,  121  Chemistry  Bldg.,  Urbana,  lU. 

WilUams,  Arthtu-  E.,  611  Indiana  Ave.,  Urbana,  111. 

Wright,  Fred  E.,  2134  Wyoming  Ave.,  N.  W.,  Washington,  D.  C. 


MEETINGS  OF  THE  SECTIONS. 

[Full  accounts  of  all  meetings  should  be  sent  to  Secretary  Charles  L.  Parsons,  Box  s^t 

Washington,  D.  C] 

PITTSBURGH  SECTION. 

The  i20th  regular  meeting  of  the  Section  was  held  Ckrtober  21st,  as  a 
joint  meeting  with  the  American  Electrochemical  Society. 

The  Section  endorsed  a  resolution  by  Prof.  F.  C.  Phillips  to  consider 
possible  ways  and  means  to  preserve  from  destruction  the  old  Priestly 
Home  at  Northumberland,  Pa. 

F.  T.  Synder,  Chicago,  read  a  paper  on  "Electric  Furnaces  for  Hi|^ 
Temperature  Industrial  Chemical  Work."  w.  c.  Cop«.  s^irturj. 

NORTHEASTERN  SECTION. 

At  the  meeting  of  the  Section  held  October  29th,  Professor  John  E. 
Bucher,  of  Brown  University,  spoke  on  "Fixation  of  Atmospheric  Nitro- 

fii^^'  Orinnsix  JohS8»  Suratmy, 
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MINNESOTA  SBCTION. 

The  53rd  meeting  of  the  Section  was  held  October  22nd.  The  following 
officers  were  elected  for  the  ensuing  year:  President,  F.  J.  Alway;  Vice^ 
President,  C.  F.  Sidener;  Treasurer,  F.  B.  Kingsbury;  Secretary,  Sterling 
Temple;  Councilor,  W.  H.  Himter. 

Program:  Short  talks  by  E.  F.  Exnor,  Geo.  B.  Frankforter,  C.  H. 
Walter  and  address  by  retiring  Pres.  R.  W.  Thatcher  on  "Graduate 
Work  in  Chemistry."  stbiu.iho  t«ii»i.b.  Swetary. 

UNIVERSITY  OP  MISSOURI  SECTION. 

The  62nd  meeting  of  the  Section  was  held  October  22nd.  Dr.  C.  R. 
Moulton  addressed  the  Section  on  ''Units  of  Reference  for  Basic  Metabo- 

hsm.  Hbnky  L.  Dahm,  Sgcrttory., 

NBW  YORK  SBCTION. 

The  regular  meeting  was  held  November  12th.  Program:  ''University 
and  Industry/'  speakers:  Nicholas  Miuray  Butler,  President  Columbia 
University;  M.  C.  Whitaker,  Professor,  Chemical  Engineering,  Columbia 
University;  W.  J.  Gies,  Professor,  Biological  Chemistry,  Columbia  Uni- 
versity; Charles  E.  Lucke,  Professor,  Mechanical  Engineering,  Columbia 
University.  Paper  (read  by  title)  on,  "The  Synthesis  of  Certain  Substi- 
tuted Syringic  Acids,"  by  Edward  Plant  and  M.  T.  Bogert. 

C.  M.  JOYCB,  S0cr4tary. 
UNIVERSITY  OI^  H,I.INOIS  SECTION. 

The  first  regular  meeting  of  the  season  was  held  October  14th.  The 
paper  of  the  evening  was  by  Drs.  C.  W.  Balke  and  B.  S.  Hopkins,  on  "De- 
termination of  the  Atomic  Weight  of  Yttrium/'  ©.  d.  bkbl.  suretary. 

UNIVERSITY  OF  MICHIGAN  SECTION. 

The  October  meeting  of  the  Section  was  held  October  26th.  Dr.  C.  C, 
Meloche  gave  a  paper  on  "The  Derivatives  of  Perceric  Oxide." 

H.  H.  WiLLARD,  Stcrtiary. 
PHILADELPHIA  SECTION. 

In  lieu  of  the  regular  October  meeting  of  the  Section  a  joint  meeting 
with  the  Franklin  Institute  was  held  October  28th.  Program:  "The 
Development  of  a  Dynamic  Theory  of  Soil  Fertility,"  illustrated  by 
lantern  sHdes,  by  Frank  K.  Cameron,  Ph.D.,  Bureau  of  Soils,  United 
States  Department  of  Agricultttre,  Washington,  D.  C. 

In  addition  to  the  regular  November  meeting,  a  special  joint  meeting 
with  the  Franklin  Institute  was  held  November  4th.  Program:  "The 
Turpentine  Industry  in  the  Southern  States,"  illustrated  by  lantern  slides 
and  various  exhibits,  by  Dr.  Charles  H.  Herty,  President  of  the  American 
Chemical  Society.  c.  s.  brinton,  Sterfiary. 
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KANSAS  CITY  SBCTION. 

The  program  of  the  Section  on  October  i6th  was  as  follows:  Papers 
by  Prof.  L.  E.  Sayre,  "The  Hydrogenation  of  Oils;"  A.  W-  EstalHook. 
"Wheat  and  Flour  Testing."  w.  b.  smith,  statimj. 

NEBRASKA  SECTION. 

The  October  meeting  of  the  Section  was  held  October  23rd.  The  topic 
for  the  evening  was  "Recent  Research  in  the  Department  of  Chemistry 
at  the  University  of  Nebraska."  Organic,  Prof.  Mary  L.  Fossler;  inor- 
ganic, Dr.  Benton  Dales.  h.  m.  PLcm.  5«9. 

U)UISIANA  SECTION. 

The  88th  meeting  was  held  October  22nd.  Program:  "Pormatioos 
in  Yellowstone  Park,"  Dr.  Philip  Asher.  p.  w.  t .«—««■.  5«9. 


WISCONSIN  SECTION. 

The  October  meeting  of  the  Section  was  held  October  20th.  The 
following  papers  were  presented:  "Studies  in  thie  Measurement  of  the 
Conductivity  of  Electrolytes,"  Dr.  W.  A.  Taylor;  "Examination  of  Woods," 
Mr.  A.  W.  Schorger.  a.  b.  kosmxo,  Sstr^ury. 

CONNECTICUT  VALLEY  SECTION. 

The  35th  meeting  of  the  Section  was  held  November  6th.  Program: 
"The  Manufacture  of  Rubber  Covered  Insulated  Wire,"  Mr.  Maxwell 
M.  Kahn;  "Need  of  and  Methods  of  Stimulating  Increased  Employment 
of  Chemistry  in  Manufacturing  Industries,"  Mr.  R.  J.  Marsh. 

R.  J.  Makbh.  S^erttmy, 

NEW  HAVEN  SECTION. 

The  regular  meeting  of  the  Section  was  held  November  loth.  Dr. 
John  P.  Street,  of  the  Connecticut  Agricultural  Experiment  Statton, 
addressed  the  Section  on  the  subject,  "Patent  Medicines." 

Gboros  S.  Jamhson.  SMcrttmy. 
CLEVELAND  SECTION. 

The  November  meeting  of  the  Section  was  held  November  8th.  Pro- 
fessor C.  H.  Fulton,  head  of  the  Mining  Engineering  Department  of  Case 
School  of  Applied  Science,  addressed  the  Section  on  "The  Flotation  Pro- 
cess of  Ore  Concentration."  The  following  oflBicers  were  elected  to  serve 
for  the  ensuing  year:  President,  W.  C.  Moore;  Secretary-Treasurer, 
A.  F.  O.  Germann;  Councilors,  O.  F.  Tower,  E.  C.  Holton;  Managers, 
H.  D.  Batchelor,  J.  H.  Herron.  a.  p.  o.  o««iiAi«f .  Smfcmt^. 

ROCHESTER  SECTION. 

A  special  meeting  was  held  November  8th.  Dr.  Charles  H.  Herty, 
President  of  the  American  Chemical  Society,  spoke  on  "National  Sdf 
Containedness  in  Chemical  Industry." 
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The  regular  meeting  was  held  November  15th.  Dr.  H.  T.  Clarke 
spoke  on  "The  Chemistry  of  Dyes."  h.  h.  Toi««.  S4creu,ry. 

ORBGON  SECTION. 

The  24th  regular  meeting  of  the  Section  was  held  October  30th.  Mr. 
N.  P.  Titus,  of  the  American  Gas  Incinerator  Company,  presented  the 
paper  of  the  evening  on  the  subject  "Garbage  Disposal." 

p.  A.  OufBTSD  3t€r$$ary. 
1£ARYLAND  SBCTION. 

The  8th  regular  meeting  of  the  Section  was  held  November  13th.  Pro- 
gram: Geo.  L.  Ringel,  of  Fritzsche  Bros.,  New  York,  'The  Distillation 
of  Essential  Oils  from  Antiquity  to  Modem  Days." 

Pkamx  M.  B0TLS8,  Sutttary, 
RHODB  ISLAND  SBCTION. 

The  November  meeting  of  the  Section  was  held  November  nth.  The 
speaker  for  the  evening  was  Mr.  Leonard  W.  Cronkhite,  of  Boston,  Mass., 
who  addressed  the  Section  on  "Some  Problems  of  the  Chemical  Industry 
during  the  Past  Year."  robsxt  f.  chambsss,  Sicrsutry. 

NASHVILLB  SECTION. 

The  36th  meeting  of  the  Section  was  held  November  19th.  Program: 
"Tashiro's  Method  of  Carbon  Dioxide  Determination,"  by  Prof.  E.  E. 
Reinke,  of  the  Department  of  Biology  of  Vanderbilt  University. 

Victor  P.  han,  Sterttwy. 
INDIANA  SBCTION. 

The  Section  met  November  20th.  A  very  interesting  program  was  given 
in  the  following  three  papers:  "Calculation  of  the  Alkalinity  of  Intestinal 
Juice,"  by  C.  E.  May;  "Experiments  in  Antimony  and  Tin  Plating," 
by  F.  E.  Mathers;  "Some  Problems  in  the  Amalgamation  of  Precious 
Metals,"  by  R.  E.  Lyons.  h.  w.  rhodhhawh.  setrttary. 

MIIrWAUKEE  SECTION. 

A  meeting  of  the  Section  was  held  October  28th.  Prof.  Louis  Kahlen* 
berg,  of  the  University  of  Wisconsin,  gave  a  talk  on  "A  Fundamental 
Principle  of  Chemistry  Which  Has  Been  Much  Neglected." 

Ben  L.  SalomoMp  Stcretary. 
ST.  LOUIS  SECTION. 

The  regular  meeting  was  held  November  8th.  Program:  "Organiza- 
tion and  Research  Work  Being  Carried  on  by  the  Bureau  of  Chemistry, 
U.  S.  Department  of  Agriculttu-e,"  by  Dr.  Carl  L.  Alsberg,  Chief,  Bureau 
of  Chemistry;  "The  Biological  Significance  of  Creatin  and  Creatinin," 
by  Dr.  A.  P.  Shafer,  Washington  University  Medical  School. 

Gso.  Lano,  Jr.,  S tertiary. 
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CINCINNATI  SBCTION. 

The  20ist  regular  meeting  was  held  November  loth.  Prognun: 
"Some  Recent  Developments  in  Nitrogen  Filtration,"  by  Dr.  A.  W. 

Davison.  Stspssn  J.  Haubm.  Swumy. 

DBTROrr  SECTION. 

The  October  meeting  was  held  October  21st.  Program:  **The  Solid 
and  Enduring  Satisfactions  of  Life,"  by  Dr.  Stanley  Coulter. 

The  November  meeting  was  held  November  i8th.  Program:  "Some 
Practical  Applications  of  Our  Knowledge  of  Immunity,"  by  Dr.  Severance 
Burrage  of  Eli  Lilly  &  Co.  Bow.  j.  gutkbb.  SK^amy. 

CALIFORNIA   SECTION. 

The  eighty-sixth  regular  meeting  was  held  October  23rd.  Program: 
"Cast  Iron  as  Applied  to  Chemical  Industry,"  by  Edward  J.  Fowkr. 
The  following  officers  were  elected  to  serve  for  the  ensuing  year:  Presi' 
dent,  Fred  G.  Cottrell;  Vice-President,  Joel  H.  Hildebrand;  SecreUtrj- 
Treasurer,  Bryant  S.  Drake;  Councilors,  J.  Pearce  Mitchell,  Abbot  A. 

Hanks.  Bstant  S.  Dsakb,  Suntmj. 

CHICAGO  SECTION. 

The  regular  meeting  was  held  November  12th.  Program:  "Rubber 
and  Methods  of  Its  Manufacture,"  by  C.  E.  Bradley.,  of  the  Mishawaka 
Woolen  Mfg.  Co.  d,  k.  Prsngh.  S4aumj. 

AMES  SECTION. 

At  the  first  meeting  of  the  Section,  the  following  officers  were  elected 
to  serve  for  the  ensuing  year:  President,  J.  A.  WiUdnsoa;  Vice-President, 
P.  E.  Brown;  Secretary-Trec^urer,  W.  G.  Gaessler;  Councilor,  W.  F. 
Coover.  w.  o.  Gabsslsk.  Swtun- 


DECEASED. 

Robert  L.  Maury,  5 1  Lake  St.,  Saranac  Lake,  N.  Y.     Died  October,  1915. 

N.  Frederick  Merrill,  University  of  Vermont,  Burlington,  Vt    Died 
October  26,  1915. 

Edward  H.  Norton,  180  Meadow  St.,  New  Haven,  Coim.     Died  Octo- 
ber, 1915. 

J.  Roemer,  White  Plains,  N.  Y.     Died  October,  1915. 

Wirt  Tassin,  1423  R  St.,  Washington,  D.  C.     Died  November  2, 1915. 
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